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ABSTRACT 

A DESCRIPTIVE AND EPIZOOTIOLOGIC STUDY OF 

BRUCELLOSIS AND TUBERCULOSIS IN BISON 

IN NORTHERN CANADA 

Studies were conducted on bovine brucellosis (Brucella 

abortus) and tuberculosis (Mycobacterium bovis) in hybrid 

bison and other wildlife species in and around Wood Buffalo 

National Park (WBNP), and in wood bison in the Mackenzie 

Bison Sanctuary. Aerial surveys provided total counts of 

4,661 bison in March, 1984, and 4,582 bison in March, 1985, 

in WBNP. Compared to previous surveys, these numbers 

indicate that the bison population is declining. Surveys 

showed that bison leave the park on at least three 

corridors, including the southwest corner of the park 

adjacent to the Fort Vermilion, Alberta, agricultural zone. 

During the same period, a survey of the east side of the 

Slave River Lowlands found 370 hybrid bison. This 

population also has declined. 

The complete or partial remains of 164 bison were found 

in and around WBNP between June, 1983 and August, 1985. Of 

the 72 carcasses suitable for analyses, 18 (25%) had 

evidence of brucellosis and 15 (21%) had tuberculosis, with 

two of these cases having concurrent infections. B~ abortus 

biotypes 1 and 2, including a urease-negative strain of 

i 



biotype 1, were isolated from 11 bison and 7 others had 

antibody titres to B. abortus. Tissues of 7 bison were 

culture-positive for M. bovis and 8 other bison had 

granulomatous lesions but the bacterium was not isolated. 

The prevalence estimates of the two diseases in the sample 

were conservative because of the limitations imposed by 

opportunistic sampling. The 95% confidence intervals for 

the prevalence of the diseases in the bison population in 

and around WBNP were 15.54 36.60% for brucellosis and 

12.16 - 32.02% for tuberculosis based on this sample. The 

diseases were found in bison outside of the park near the 

three recognized corridors of trans-boundary movement. 

Infection with B. abortus was associated with severe 

arthritis in three bison and a subcutaneous abscess in a 

fourth bison. Only 9 (33%) of the 27 adult female bison in 

the collection were pregnant. Lesions produced by M. bovis 

infection in bison were similar to those reported in cattle, 

ranging from focal granulomatous lymphadenitis to 

generalized, multisystemic disease. Three of four bison 

killed by wolves in WBNP had extensive tuberculosis, 

suggesting an association between the disease and predation. 

Hunters killed, butchered and utilized 56 of the bison in 

the sample; 15 (27%) of these bison had brucellosis and 9 

(16%) others had tuberculosis, indicating a risk of disease 

transmission from bison to people. Other pathologic 

conditions found in the bison were documented. 
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Postmortem examination, histology and bacteriology did 

not detect the presence of brucellosis or tuberculosis in 30 

wood bison killed in the Mackenzie Bison Sanctuary. 

Serological tests on these and an additional 21 wood bison 

from the same location were all negative for antibodies to 

B. abortus. Statistical analyses and epidemiological 

information indicate that this population of wood bison is 

free of the two diseases. Because this population is near 

WBNP and because it is expanding both numerically and 

geographically, the wood bison of the Mackenzie Bison 

Sanctuary are at risk of contracting brucellosis and 

tuberculosis from the infected hybrid bison in and around 

WBNP. Fifteen of the 20 mature female wood bison were 

pregnant; this was a significantly (a = .01) higher 

pregnancy rate than that observed in the hybrid bison sample 

from WBNP. 

Other wildlife species in and around WBNP were surveyed 

for the presence of brucellosis and tuberculosis. The 808 

animals examined included rodents, shrews, red foxes, 

wolves, fishers, black bears, marten, lynx, moose, woodland 

caribou, coyotes, wolverines, a woodchuck, a red squirrel 

and a raven. B. abortus was isolated from tissues of 4 of 

13 wolves, 1 of 37 red foxes, and 1 of 5 moose. All 

isolates were biotype 1 and one of these, from a wolf, was 

the urease-negative strain. No pathology was associated 

with the infections in the wolves or the fox, but the moose 
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was severely emaciated, and had suppurative pleuritis and 

peritonitis and abscessed lymph nodes. This concurs with 

previous reports of brucellosis in moose which suggest that 

it is a severe, usually fatal disease in that host. There 

was no indication of tuberculosis in any of the wildlife 

other than bison. Other pathologic conditions seen in the 

various wildlife species were documented. 

Two herds of cattle adjacent to WBNP and the Mackenzie 

Bison Sanctuary were tested for brucellosis. None of the 98 

cattle at Mills Lake nor the 42 cattle on Ryan Island were 

positive on the buffered plate antigen test. This indicated 

that the cattle were not a source of B. abortus for 

uninfected wood bison, nor had they become infected through 

potential contact with diseased hybrid bison. 

Arsenic, cadmium, copper, lead, manganese, mercury, 

selenium and zinc levels were evaluated and compared in 

liver and kidney samples from 16 hybrid bison in WBNP and 20 

wood bison from the Mackenzie Bison Sanctuary. None of the 

levels of metals in bison tissues were deficient when 

compared to values from cattle. However, selenium levels in 

both wood bison and hybrid bison, and manganese levels in 

hybrid bison, would be considered marginal for cattle. 

Arsenic, cadmium, lead and mercury levels were 50- to 

100-fold below those considered to be toxic in livestock. 

Strains of B. abortus from bison in WBNP had oxidative 

metabolic profiles typical of strains isolated from cattle. 
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The patterns of lysis by Tblisi, Firenzi, Weybridge, R/C, 

R/0 and R varieties of Brucella-phages did not differentiate 

strains of B. abortus from livestock, bison, wolves or a 

fox. Susceptibility to ampicillin, cephalothin, 

chloramphenicol, colistin, gentamycin, nalidixic acid, 

polymixin-B, streptomycin and tetracycline was similar among 

strains of ~- abortus from wildlife and livestock. However, 

B. abortus biotype 2 from livestock was . susceptible to 

- erythromycin whereas biotype 2 from a bison was not. No 

naturally occurring Brucella-phages or plasmids were found 

in strains of B. abortus from wildlife in and around WBNP. 

An attempt was made to evaluate calf production and 

yearling recruitment into the bison population of WBNP by 

conducting herd segregation counts on foot in the park. 

Sample sizes were small compared to the total population, 

but did suggest that either calf production or early 

survival was poor, and that yearling recruitment was very 

poor. These data are appended to the thesis. 
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1.0 

Bovine brucellosis 

great veterinary, public 

significance throughout 

national cattle herd was 

INTRODUCTION 

and tuberculosis are diseases of 

health, economic and. historical 

the world. In 1985, Canada's 

declared free of brucellosis, and 

bovine tuberculosis is expected to be eliminated in the near 

future. The veterinary and public health benefits, and the 

resulting economic gains, have increasingly offset the high 

cost and effort needed to achieve the eradication of these 

major diseases. As the last infected cattle are eliminated, 

extraneous sources of brucellosis and tuberculosis have 

become correspondingly more important because of the risk of 

reintroducing the diseases into the cattle population. 

The free-ranging bison populations in and around Wood 

Buffalo National Park (WBNP) are considered to be the final 

reservoirs of both diseases in Canada. Tuberculosis has 

been recognized in park bison since the 1930's (Mitchell 

1976) and brucellosis was first diagnosed in 1956 (Corner 

and Connell 1958). Tuberculosis, and likely brucellosis, 

was introduced into the park between 1925 and 1928 when 

6,672 plains bison (Bison bison bison) were shipped to the 

park by rail car and barge from an infected herd near 

Wainwright, Alberta. Besides introducing diseases, the 

plains bison interbred with the estimated 1,500 indigenous 

wood bison (Bison bison athabascae), producing a hybrid 
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population. 

These bison were once geographically isolated from 

people, livestock and other bison populations but the 

situation is changing. There are approximately 2,500 head 

of beef cattle in 90 herds in the expanding agricultural 

zone around Fort Vermilion and southwest of WBNP, and bison 

occasionally roam onto agricultural land. Bison outside the 

park are killed, butchered and consumed by native people. 

The expanding populations of wood bison introduced into the 

Mackenzie Bison Sanctuary, Liard Valley, and Hay-Zama Lakes 

regions may eventually contact diseased hybrid bison around 

WBNP. Native land claim negotiations are affecting the park 

and surrounding lands, and in the future may alter 

significantly regional land and resource utilization. There 

are proposals to develop bison ranching around the park to 

provide economic benefit and meat for native people, and 

there is now a 150 head bison ranch between Fort Vermilion 

and the park boundary. Because of this changing situation, 

basic information on the pathology and epidemiology of 

brucellosis and tuberculosis is urgently needed. This 

thesis represents an attempt to understand and describe 

features of these diseases in bison and other wildlife in 

and around WBNP. 

The literature review examines the available 

information on the diseases, parasites 

pathological conditions reported in bison, and 
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evaluate the existing and potential significance of 

brucellosis and tuberculosis in Canadian wildlife species. 

It also gives a historical perspective on the management of 

bison and diseases in and around WBNP. 

Chapter 3.0 provides information on the number and 

geographical distribution of bison in and around WBNP. 

Chapter 4.0 gives the pathology, bacteriology and serology 

findings regarding brucellosis and tuberculosis in a sample 

of bison opportunistically collected in and around WBNP. 

The welfare of the wood bison population in the Mackenzie 

Bison Sanctuary is of national and international 

significance, and therefore Chapter 5.0 represents an 

investigation of the brucellosis and tuberculosis status of 

this population, to assess the risk of disease transmission 

from hybrid bison in and around WBNP. 

In Chapter 6.0, pathology and bacteriology studies were 

done on a variety of wildlife species in and around WBNP to 

determine if there were other significant reservoirs of 

brucellosis and tuberculosis in the region and what effects 

these diseases might have on other wildlife species. Cattle 

herds near WBNP and the Mackenzie Bison Sanctuary were also 

tested for brucellosis and these results are reported in 

Chapter 7.0. Trace metal and heavy metal levels in kidney 

and liver samples from wood bison and hybrid bison were 

evaluated and compared to see if deficiencies or toxicities 

might play a role in the poor reproductive performance of 
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hybrid bison in and around WBNP. These results are given in 

Chapter 8.0. In Chapter 9.0, experimental studies were done 

on isolates of B. abortus from wildlife in WBNP to search 

for bacteriological characteristics that would distinguish 

them from strains isolated from cattle, or which would 

provide markers for further epidemiological studies of the 

disease in the region. 
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2. 0 LITERATURE REVIEW 

The purpose of this review is to summarize the 

available information on diseases, parasites and other 

pathological conditions in bison, and then to concentrate on 

the literature pertaining to the significance of bovine 

brucellosis and tuberculosis in Canadian wildlife species. 

Lastly, the review provides a historical perspective on the 

management of bison and their diseases within the study 

region in and around WBNP. 

2.1 Diseases, parasites and other pathological conditions 

in bison 

2.1.1 Brucellosis (Brucella abortus) in bison 

The first indication of brucellosis in wildlife 

appeared in the 1917 Report of the Chief of the u.s. Bureau 

of Animal Industry and dealt with three bison cows from 

Yellowstone National Park (Creech 1930). Two of the tnree 

bison had aborted and all were positive on Brucella abortus 

agglutination tests. Creech (1930) isolated~· abortus from 

a case of necrotizing orchitis in a bison bull from the 

National Bison Range in Montana, and reported that other 

bison in that herd had orchitis or retained placentas. Rush 

(1932) noted the occurrence of abortions in the Yellowstone 

bison and that three of five bison sera tested in 1930 were 
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positive on B. abortus agglutination tests. He suggested 

that the disease originated from cattle that had been kept 

on the bison range until 1919. Agglutination tests on 

Yellowstone bison sera collected in 1931, 1932 and 1933 were 

positive in 64 of 106 cases, 107 of 199 cases, and 51 of 69 

cases, respectively (Tunnicliff and Marsh 1935). These 

authors observed orchitis in one of 26 and 6 of 10 bulls 

killed at Yellowstone in 1932 and 1933, respectively, and 

isolated B. abortus from 2 cases. The number of serological 

reactors in 1932 and 1933 at the National Bison Range were 

58 of 87 and 48 of 86 bison sera, respectively. 

Bovine brucellosis is still a problem in bison herds in 

the United States but little scientific information has been 

published on the situation. The National Bison Range herd. 

and most other publicly owned herds are now free of the 

disease, but brucellosis management in Yellowstone National 

Park is still a point of contention (Meagher 1973, Safford 

1973, Shea 1973, Tufts 1973, Young 1973, Friend 1978). At 

present, the park boundary is under surveillance and bison 

that stray outside the park are shot. There are an 

estimated 500 to 1000 privately owned bison herds in the 

United States and brucellosis transmission among these herds 

is becoming a significant problem, according to the Animal 

and Plant Inspection Service (Anon 1982). The disease has 

been transmitted from bison to cattle (U.S. Committee on 

Brucellosis 1983). 
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The first evidence of brucellosis in Canadian wildlife 

was in bison from Elk Island National Park in Alberta. In 

1946-47, sera from 37 of these bison included 6 positive and 

5 suspicious reactors on 

1947). A 1956 survey at 

tube agglutination tests (Moore 

the same park found 111 (32.4%) 

positive and 34 (11.3%) suspicious reactors on tube and 

plate agglutination tests of sera from 343 bison (Corner and 

Connell 1958). The same study reported 2 positive and 1 

suspicious reactors among 20 bison from Riding Mountain 

National Park in Manitoba in 1956-57. The report concluded 

that park-confined bison were not a health threat to cattle 

but that free-ranging bison, such as those in WBNP, could be 

a hazard. Calfhood vaccination and test and slaughter 

programs have since eliminated brucellosis from Elk Island 

National Park. 

Brucellosis was detected in bison at WBNP in 1956 when 

3 of 11 sera were found positive on agglutination tests 

(Corner and Connell 1958). Choquette et al (1978) reviewed 

the results of serological surveys in the park bison. In 

eleven collections between 1959 and 1974, tube agglutinat,ion 

tests detected 625 (30.3%) positive and 141 (6.8%) 

suspicious reactors out of 2,066 bison sera. Sera from 

bison collected at Hook Lake, Northwest Territories (outside 

the park) in 1970 and 1974 included 114 (38.1%) positive and 

16 (5.4%) suspicious reactors among 299 samples. Cases of 

orchitis and arthritis were observed in park bison and B. 
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abortus was cultured from some of these lesions. The 

authors suggested that brucellosis could well be a factor in 

the poor reproductive rate of the park herd. No efforts 

have been made to eradicate brucellosis in the bison at WBNP 

or in the Slave River Lowlands and thus they remain the only 

infected bison population in Canada. 

2.1.2 Tuberculosis (Mycobacterium bovis) in bison 

Reports of diseases or "epidemics" in wild bison are 

extremely rare in the voluminous historical literature (Roe 

1970, Arthur 1985). Seton (1909) quoted Charles Aubrey as 

saying, "I have frequently examined [bison] lungs, but never 

found any symptoms of tuberculosis or other affection of the 

lungs." Tuberculous lesions in bison were documented in 

slaughter reports from the herd at Buffalo National Park 

near Wainwright, Alberta. This herd was established in 1909 

and Hadwen (1942) indicated that tuberculosis was first 

recognized in surplus animals slaughtered in 1923. However, 

unpublished reports of the Parks Branch of the Department of 

the Interior indicate that the first case was reported on 

December 20, 1916, and additional cases were reported on 

March 20, 1919, and April 13, 1920. Between 1923 and 1937, 

6,450 (53.7%) of the 12,005 surplus bison slaughtered near 

Wainwright had tubercular lesions (Hadwen 1942). The herd 

was destroyed in 1940 and the park officially disbanded in 

1947. 
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Bovine tuberculosis was introduced into WBNP between 

1925 and 1928 when 6,673 plains bison were moved there by 

rail and 

From 1929 

barge from 

to 1974, 

Buffalo National Park near Wainwright. 

bison were periodically slaughtered in 

WBNP for meat production purposes. Tubercular lesions were 

first noted in the 1930's, and between 1952 and 1956, 39% of 

1,508 slaughtered bison had lesions (Fuller 1959). 

Intradermal tuberculin tests (caudal fold) were used at five 

slaughters between 1955 and 1962 but reactor rates were 

notably lower than the prevalence of lesions in the bison. 

In the 1959-1960 slaughter, Choquette et al (1961) found 151 

(13.5%) reactors among 1,116 bison tested. Re-examination 

of their data indicates that the intradermal tuberculin test 

only had a sensitivity of 66.6% but a specificity of 89.6%. 

Necropsy examinations indicated that 31 (14.2%) of 219 bison 

with tubercular lesions had generalized tuberculosis and the 

remaining bison had caseous and/or calcified lesions in one 

or more lymph nodes, especially those of the head and chest. 

Orchitis, metritis and fetal deaths were attributed to 

tuberculosis. 

Bovine tuberculosis has also occurred in zoo and 

ranched bison stock. Griffith (1936) and Urbain (1~37, 

1943, 1944, 1946) described fatal cases in British and 

French zoo collections. Thoen et al (1977) identified 

Mycobacterium bovis isolates from three captive bison in the 

USA, and Fowler (1978) found M. bovis in grossly normal 
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mediastinal and mesenteric lymph nodes from one of eight 

bison during an epizootic at a California zoo. Bison at 

Golden Gate Park, San Francisco, contracted bovine 

tuberculosis in the 1950's and the small herd is being 

phased out by natural attrition (Clark pers. comm.). 

Tuckermann (1955) reported an outbreak of tuberculosis in 58 

bison on the Trexler-Lehigh Game Preserve in Pennsylvania. 

The initial case was a bull that died of generalized 

tuberculosis; 11 of 13 tuberculin reactors in the herd had 

tubercular lesions. Subsequently, affected bison often had 

rapidly progressing, fatal lesions and the herd was 

depopulated in 1960 (Stumpff et al 1984). 

The most significant outbreak of bovine tuberculosis in 

ranched bison was recognized in the u.s. in 1984 and 1985 

(Stumpff et al 1984, Essey 1984, Essey and Stumpff 1985). 

The disease was transmitted from captive elk (Cervus 

elaphus) (Stumpff 1982) to two South Dakota bison herds 

between 1978 and 1982. Because the first case in a bison 

was not discovered until 1984, extensive trace-backs had to 

be done for bison sold from the two primary source biso~ 

herds. Of 115 bison herds tested in 24 states and one in 

Canada, 21 herds in 10 states were infected. Secondary 

trace-backs from these 21 infected herds required the 

examination of another 35 bison herds with negative results. 

The limited tuberculin testing done during the outbreak 

suggested that the single comparative cervical test was 
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highly sensitive and specific in bison; too few caudal fold 

tests were done to evaluate this method (Essey and Stumpff 

1985). The lesions in bison were usually restricted to the 

thoracic cavity and in nearly all instances were restricted 

to bronchial and/or mediastinal lymph nodes. As a result of 

the outbreak, 2,086 bison, 878 cattle, and 42 swine and 

goats were slaughtered in the eradication effort. 

2.1.3 Anthrax (Bacillus anthracis) in bison 

Williams (1932) suggested that anthrax was brough~ to 

North America aboard ships during the 17th century. Stein 

(1948) recorded an isolated outbreak in Kansas cattle in 

1946 where old, eroded bison wallows were suggested as a 

source of anthrax spores. This implies that bison on the 

western plains contracted the disease. However, the first 

confirmed report of anthrax in bison did not appear until 

1948. Three bison died in the Pittsburgh Zoo with clinical 

signs and/or necropsy findings indicative of anthrax (McNary 

1948). Anthrax bacilli were isolated from the enlarged 

spleen of one of these bison. The lesions were similar to 

those in cattle: serosanguinous fluid running from body 

openings and in body cavities; subcutaneous hemorrhages; 

severe pulmonary congestion; perirenal hemorrhages and blood 

in the renal pelves and ureters; splenomegaly with a dark, 

gelatinous appearance on cut surface. In an unrelated 

incident, two men contracted anthrax while butchering an 
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infected bison in New 

1956). Four other 

Mexico 

bison 

(U.S. 

in the 

Public 

herd 

anthracis was isolated from one of these. 

Health Service 

had died and B. 

Anthrax was first diagnosed in Canadian wildlife in 

1962 when an outbreak occurred in free-ranging bison in the 

Northwest Territories (Novakowski et al 1963, Cousineau and 

McClenaghan 1965, Choquette et al 1972, Choquette and 

Broughton 1980). The original source of the disease in that 

region is not known. Between 1962 and 1978, sporadic 

anthrax epizootics occurred in bison in the Slave River 

Lowlands and WBNP. During this period, summer surveillance 

teams found 1,100 dead bison. Confirmation by culture was 

not always possible and it is likely that some carcasses 

were not found. Carcasses were either limed and buried or 

burned and buried. Two men involved in the disposal 

exercise contracted anthrax but responded to antibiotic 

therapy (Pyper and Willoughby 1964). A large scale bison 

vaccination program was attempted between 1965 and 1977. No 

anthrax losses have been reported since 1978. 

2.1.4 Hemorrhagic septicemia (Pasteurella multocida 

serotype 2) in bison 

Hemorrhagic septicemia was the first contagious disease 

verified in bison. It killed 22 of 171 bison in Yellowstone 

National Park in December, 1911 (Mohler and ·Eichhorn 

1912/13), and reoccurred in that herd in 1922 (Gochenour 
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1924). In 1965, at the National Bison Range in Montana, 

three bison calves and a yearling died of hemorrhagic 

septicemia and seven calves and one yearling recovered from 

the disease following antibiotic therapy (Heddleston et al 

1967). The herd consisted of 480 bison at the time. P. 

multocida isolated from dead bison from Yellowstone in 1922 

(strain M-1404) and from the National Bison Range in 1965 

(strain P-1459), were biochemically and serologically 

similar. Annual vaccination of young bison at the National 

Bison Range began . in 1966 using a bacterin of strain P-

1459. A 1966-67 serosurvey detected significant antibody 

titres against P. multocida serotype 2 antigens (strain M-

1404) in the bison herds at the National Bison Range, Custer 

State Park (South Dakota), Wichita Mountains Wildlife Refuge 

(Oklahoma), and Roosevelt National Park (North Dakota), but 

not in a privately owned herd in Nebraska (Heddleston and 

Gallagher 1969). Bison at the National Bison Range were 

examined in 1972 and, although pasteurellae were not 

isolated from nasal cavities, antibodies to P. multocida 

serotypes 1, 2 and 4 were detected in many of the bison, 

regardless of vaccination status (Heddleston and Wessman 

1973). Carter (1982) noted that although hemorrhagic 

septicemia is enzootic in several u.s. bison herds, the 

disease has only occurred once in u.s. cattle (Kradel et al 

1969). Experimental studies have shown that the M-i404 

bison strain is highly pathogenic in domestic calves, pigs 
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and mice (Heddleston et al 1967). 

2.1.5 Other bacterial diseases in bison 

The scientific literature on bison diseases is scant 

compared to that of domestic animals. However, this limited 

information plus information in game ranching publications 

suggests that captive bison are susceptible to many of the 

diseases and clinical syndromes seen in cattle. Recognition 

of these disease problems will increase as bison are more 

intensively managed. 

Peterson and Roby (1975) could not detect any evidence 

of anaplasmosis (Anaplasma marginale) in 132 bison from an 

endemic area in Oregon, and they failed to infect 

susceptible cattle by inoculating pooled bison blood. 

However, Zaugg and Kuttler (1985) experimentally produced 

clinical anaplasmosis in both splenectomized and intact 

bison calves, and then experimentally transmitted the 

disease back to splenectomized cattle 61 and 71 days later. 

Infection was detectable hematologically and by card and 

complement fixation (CF) tests. The authors also screened 

178 bison sera from the National Bison Range, Montana, and 

found one reactor on the card test and 28 positive and 40 

suspect reactors on the CF test. Zaugg (1986) further 

demonstrated that bison blood collected 314 and 496 days 

after experimental infection was still infective for 

splenectomized cattle. Infected bison maintained antibody 
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titres for at least 15 months. Although bison were 

susceptible to ~· marginale, Zaugg was unable to infect a 

splenectomized bison with A. avis during 10 months of 

repeated inoculations with infected sheep blood. 

Other bacterial pathogens or diseases reported in bison 

include pneumonic pasteurellosis (Fox 1937a), 

actinobacillosis (Choquette et al 1961), Erysipelas 

insidiosa (Langford and Dorward 1977), Johne's disease 

(Merkal, in Choidini and Van Kruiningen 1983), and 

subcutaneous abscesses caused by Corynebacterium pyogenes 

(Zarnke and Schlater 1984). Public literature for bison 

ranchers also mentions pink eye, necrotic stomatitis, hoof 

rot, leptospirosis and clostridial diseases. Clostridium 

chauvoei was isolated from tissues of one bison from WBNP 

(park files, unpublished). One abortion due to Listeria 

monocytogenes occurred in a Saskatchewan bison herd in 1982 

(Animal Pathology Lab, unpublished). Rice (1947a) did not 

detect antibodies to Rocky Mountain spotted fever 

(Rickettsia rickettsii) or Q fever (Coxiella burnetti) in 36 

bison from Alberta. There was no evidence of leptospirosis 

or Q fever in bison in WBNP based on surveys of 388 sera 

(Choquette and Stewart 1959, Choquette 1961). 

2.1.6 Viral diseases in bison 

Three epizootics of malignant catarrhal fever (MCF) 

were reported in captive bison herds in South Dakota between 
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1973 and 1976 (Ruth et al 1977). Morbidity ranged from 3% 

to 54% and the case fatality rate was 100% in the herds 

described. The disease produced ulcerative lesions in the 

alimentary tract, trachea and bronchi similar to those seen 

in infected cattle, and widespread necrotizing vasculitis 

without thrombosis characterized the microscopic lesions. 

Two of the three herd histories implicated domestic sheep as 

a source of infection. Liggitt et al (1980) were able to 

experimentally transmit MCF from an infected domestic calf 

to a 1.5-year-old bison cow via whole blood transfusion. 

Again, the lesions were similar to those observed in typical 

cattle cases. Todd and Storz (1980) isolated a herpesvirus 

from various organs of a bison that died of MCF and they 

subgrouped the isolate as a cytomegalovirus based on 

electron microscopy. Most recently, Wallman and Thompson 

(1982) reported a case of MCF in a bison in Iowa. 

Two bison developed clinical signs of foot and mouth 

disease during an out'break of the disease at the Paris 

Zoological Gardens in 1938 (Urbain et al 1938). Antibodies 

to bluetongue virus have been detected in bison herds in the 

United States (Hoff and Trainer 1981) and antibodies to 

parainfluenza-3 virus were found in all of 38 bison sera 

collected at the National Bison Range in Montana (Heddleston 

and Wessman 1973). Rice (1947b) did not detect antibodies 

to eastern or western equine encephalomyelitis virus in 36 

bison sera from two national parks in Alberta. 
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2.1.7 Parasites of bison 

The North American bison belong to the order 

Artiodactyla and are host to a variety of parasites and 

diseases, most of which also occur in other cloven-hoofed 

mammals and, especially, other members of the Family Bovidae 

which includes domestic cattle, sheep and goats (Table 1). 

Most reports are based on small numbers of bison from single 

populations in the USA. Therefore, the prevalence, 

geographical distribution and clinical significance of most 

parasites cannot be widely interpreted. Fatalities have 

been attributed to Babesia major (Findley and Begg 1977) and 

Ostertagia ostertagi (Wade et al 1979) in captive bison. 

Game ranching literature has attributed poor rates of gain 

and clinical disease to gastrointestinal nematodes, 

lungworms and liver flukes when high stocking rates have led 

to excessive parasite loads in bison (e.g. Frick 1951). 

Hence, herd health schemes for bison often include parasite 

control programs (Jennings and Hebbring 1983, Welnandy et al 

1983). 

2.1.8 Miscellaneous pathological conditions in bison 

A variety of non-infectious diseases and lesions of 

uncertain etiology have been reported in bison. Neoplasms 

reported in bison include teratoma (dermoid cyst), lipoma 

(Cameron 1923), bile duct adenoma, hepatic adenocarcinoma 

(Fox 1932), testicular carcinoma (Tsvetaeva 1941), thyroid 
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Table 1: Parasites of llortb AIDerican bison Cl!!!!!! bison L.). 

PARASITE 

A. PROTOZOA 
Eimeria auburnensis 
E. bovis 
E. bri&Iiensis 
E. bukidnonensis 
E. canadensis 
Babesia !!i!fu 
Sarcocystis bovicanis 
s. cruzi 
SarCOcYStis §2· 

Toxoplasma gondii 
Trypanosoma !2· 

B. ARTHROPODS 
Cochliomyia macellaria 
Damalinia sedecimdecembrii 
Dermacentor anderson! 
R· nigrolineatus 
Hypoderma lineatum 
Musca autumnalis 
speriognathus australis 

C. TREMATODES 
Fasciola hepatica 
Fascioloides magna 
Paramphistomum microbothrioides 

D. CESTODES 
Echinococcus granulosus 
Moniezia benedeni 
M. expansa M· planissima (probably)1 

E. NEMATODES 
Capillaria bOvis 
Chabertia ovina 
Cooperia b~s2 
c. mcmasteri £. oncophora 
c. surnabada 
Cooperia !E• 
Dictyocaulus filaria 
R· viviparus 
Dictyocaulus !E· 
Grosspiculagia lyrata4 
Haemonchus contortus 
Nematodirus filicollis 
H· helvetianus 

LOCATION 

esophagus, diaphragm, myocardium, 
muscle 
liver 
blood 

skin 
skin 
skin 
skin 
skin, esophagus, spinal canal 
skin 
nasal sinus 

bile duct 
liver 
rumen 

liver 
small intestine 
small intestine 
small intestine 

cecum and colon 
small intestine 
small intestine 
small intestine 
small intestine 
small intestine 
bronchi 
bronchi 
bronchi 
small intestine 
abomasum 
small intestine 
small intestine 
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Table 1: Parasites of North ~rican bison C!!!gg bison L.). (Continued) 

PARASITE LOCATION REFERENCE 

Oesophagostomum radiatum 
Oesophagostomum !2· 
Ostertagia bisonls 
Q. ostertagi 
o. trlfurcata 
Setaria labiatopapillosa 
§. yehi 
Setaria !2· 
Skrjabinagia bisonis 
Trichostrongylus axel 
T. lerouxi 
Trichuris discolor 
1· ovis 

colon 
colon, intestinal nodules 
abomasum 
abomasum 
abomasum 
peritoneal cavity 
peritoneal cavity 
peritoneal cavity 
abomasum 
abomasum, small intestine 
small intestine 
cecum 
cecum 

1 synonymous with Moniezia benedeni (Yamaguchi 1958) 
2 synonymous with Cooperia oncophora (Yamaguchi 1958) 
3 synonymous with Cooperia surnabada (Dunn 1978) 
4 synonymous with Skrjabinagia lyrata (Dunn 1978) 
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adenoma (Choquette 1961), and testicular lymphosarcoma 

(Fuller 1962). Congenital defects reported include a case 

of coelosomia (Garon et ·al 1960), hydrocephalus (Novakowski 

1959), and atresia ani and rectovaginal fistula (Marler et 

al 1977). Abnormal dentition has also been observed (Van 

Vuren 1984). Aflatoxin-induced abortion has occurred in a 

bison in a Mexican zoo (Campos-Nieto et al 1977) and urea 

poisoning was documented in free-ranging Alaskan bison 

(Zarnke 1982). Arteriosclerosis (Cameron 1923), chronic 

gastroenteritis, fetal death, cystic ovaries, hydrosalpinx, 

hydrometra (Fox 1923), hypertrophic gastritis (Fox 1929), 

traumatic carditis (Gillam 1917), interstitial nephritis 

(Hamerton 1936), hepatic cirrhosis (Fox 1937b), myocarditis 

(Urbain et al 1947), renal calculi (Roe 1970) and capture 

myopathy (Chalmers and Barrett 1982) are other conditions 

reported in bison. Rewell and Ainsworth (1947) noted the 

presence of Aspergillus fumigatus in bison lungs. Liver 

abscesses of undetermined etiology have also been seen 

(Seton 1909). 

At bison slaughters in WBNP, a variety of lesions were 

observed (Seal 1954, Novakowski 1958, Choquette and Stewart 

1959, Fuller 1961, 1962, Choquette et al 1961, Choquette and 

Broughton 1967). Brucella abortus or Mycobacterium bovis 

were occasionally isolated from cases of metritis, fetal 

deaths, orchitis and arthritis but in other cases and other 

lesions, bacteriology was not done or results were negative. 
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Other lesions of uncertain etiology included peritonitis, 

pleuritis, pneumonia, "pyemia", visceral and subcutaneous 

abscesses, liver lesions (adhesions, abscesses, cirrhosis 

and telangiectasis), arteriosclerosis, renal calculi, 

thyroid lesions (adenoma, hypoplasia, goitre), 

hypovitaminosis A, rectal prolapse and serous atrophy. 

Reproductive tract abnormalities in non-pregnant bison cows 

included ovarian hypoplasia and atrophy, cystic ovaries, 

bursal adhesions, hydrosalpinx, hydrobursitis, , and 

parovarian and uterine cysts. 

2.2 The existing and potential significance of brucellosis 

and tuberculosis in Canadian wildlife 

2.2.1 Bovine brucellosis 

Canadian wildlife 

(Brucella abortus) in 

Review articles on brucellosis in world wildlife 

indicate that a wide range of species can produce Brucella 

antibodies and some can harbour the pathogen (Stableforth 

and Galloway 1959, Moore and Schnurrenberger 1981a, Witter 

1981). Serological surveys provide most of the published 

information on brucellosis in wildlife but these studies 

should be interpreted cautiously when assessing the 

significance of a species as a reservoir of bovine 

brucellosis. In many instances, sample sizes have-been too 

small to permit generalization. Furthermore, the 
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sensitivity and specificity of serological tests are 

frequently not known when applied to wildlife species. Some 

titres may result from non-specific agglutinins or from 

cross-reactions with antigens other than those of brucellae 

(Corbel 1985). Serologic reactions may indicate exposure 

but not necessarily current or active infection, and not the 

species of Brucella involved. Isolation of the pathogen, in 

conjunction with serology, provides better information but 

few studies have done this. Experimental studies should 

follow field surveys when a wildlife species is implicated 

in the epidemiology of brucellosis. This would provide data 

on host susceptibility, duration of infection and modes of 

transmission. It would also indicate the pathogenicity of 

Brucella in the host and could evaluate the effectiveness of 

serological tests. Lastly, the presence of a reservoir, 

such as infected cattle, may exaggerate the prevalence and 

significance of antibody titres or infections in closely 

associated wildlife species that otherwise might not 

maintain the disease or have a role in the transmission of 

brucellosis. Some wildlife species therefore are more 

important as disease sentinels than as reservoirs and thus, 

whenever brucellosis occurs in wildlife, follow-up studies 

are warranted. 

There are few published reports of bovine brucellosis 

in canadian wildlife. As previously mentioned, Moore (1947) 

diagnosed brucellosis in the bison at Elk Island National 
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Park. He did not find Brucella-antibodies in sera collected 

from 187 elk in a second (not named) national park in 

Alberta. Corner and Connell (1958) examined the infected 

bison herd at Elk Island National Park and also found 25 

(11.3%) positive and 4 (1.8%) suspicious 

in 221 elk that shared the bison range. 

titres to Brucella 

They did not find 

any serological evidence of brucellosis in 124 moose (Alces 

alces). One of 17 elk sera collected in 1957 from Waterton 

Lakes National Park was also positive. There was some 

evidence indicating that ~· abortus infection may be a fatal 

disease in moose based on necropsy findings in two bulls. 

One emaciated moose had fibrinous pleuritis, pericarditis, 

peritonitis, and periorchitis, as well as suppurative 

lymphadenitis, nephritis and epididymitis. Several tissues 

were culture-positive for B. abortus. The second moose had 

similar lesions and an agglutinating titre of 1:12,800, but 

Brucella isolation was not attempted. Circumstantial 

evidence of transmission of brucellosis from elk to cattle 

was given. The authors concluded that infected bison and 

elk could pose a threat to domestic cattle and the 

brucellosis eradication program. Test and slaughter 

programs have since eliminated brucellosis from the wildlife 

at Elk Island National Park and there are no known infected 

elk herds in Canada. The high incidence of brucellosis in 

the bison at WBNP has already been discussed, and this 

remains the only known nidus of the disease in Canada. 
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A serologic survey for diseases in Alberta wildlife did 

not find Brucella antibodies in any of 3 wolves (Canis 

lupus), 9 bighorn sheep (Ovis canadensis), 11 snowshoe hares 

(Lepus americanus), or 22 woodland caribou (Rangifer 

tarandus caribou) (Zarnke and Yuill 1981). Complement 

fixation tests revealed minimal titres in 3 of 283 sera from 

black bears (Ursus arnericanus). Sera from 146 moose in 

British Columbia (Hudson 1978, Hudson et al 1980) and from 

208 moose in Quebec (Bourque and Higgins 1984) were all 

negative on Brewer's Card Test and slide agglutination test, 

respectively. Many of the samples from British Columbia 

were collected from moose in the vicinity of infected range 

cattle. Barrett and Chalmers (1975) did not find Brucella 

agglutinating antibody titres in sera from 110 pronghorn 

antelope (Antilocapra americana) from Alberta and 

Saskatchewan collected between 1970 and 1972. A 1948-1949 

survey of 58 deer (species not given) from southeastern 

Saskatchewan did not find any reactors on tube agglutination 

test, despite the high prevalence of brucellosis in cattle 

in the area at that time (Waechter 1949). 

Numerous studies on brucellosis have been done in the 

United States on a wide range of wildlife species, many of 

which are also indigenous to Canada. As previously noted, 

brucellosis is enzootic in the free-ranging bison in 

Yellowstone National Park. The disease is also a 

significant problem in Wyoming elk herds. Rush (1932) noted 
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three positive and eight suspicious reactors among 32 sera 

from elk that shared the bison range at Yellowstone. He did 

not find antibody titres to Brucella in any of 35 elk which 

were 30 miles from the bison range. Tunnicliff and Marsh 

(1935) contradict Rush, stating that there were six positive 

and five trace reactions in the 32 sera from the park, and 

that there were two suspicious reactors among the elk from 

30 miles outside the park. These authors also reported 

three positive and 11 suspicious reactors among 66 sera from 

elk collected on the bison range in 1932, and no reactors in 

10 sera from elk collected 30 miles away. From these data, 

the authors concluded that bison were the source of 

infection for elk sharing the range. Lee and Turner (1937) 

found 28 positive and 17 suspicious reactors on tube 

agglutination tests in 143 sera collected from elk in 

Wyoming (exact location not specified). 

The problem of brucellosis in Wyoming elk has been 

extensively studied in recent years (Thorne et al 1978a, 

1978b, 1979; Morton et al 1981). Approximately 20,000 elk 

utilize 22 feeding grounds in the western part of the state. 

Brucella abortus biotype 1 has been isolated from aborted 

elk fetuses and non-viable calves, and from 17 of 45 adult 

elk at necropsy. Approximately 50% of mature cow elk in the 

National Elk Refuge and Grays River herds have had serologic 

evidence of infection. Experimentally infected elk had 

serologic responses similar to those of infected cattle and 

25 



maintained active infections for up to 56 months. 

Horizontal transmission was demonstrated from infected elk 

to non-infected elk and cattle in the same enclosure. 

Fourteen of 29 infected cow elk either aborted or delivered 

premature or non-viable calves and several of the infected 

elk lost their antibody titres despite maintaining the 

pathogen. Bursitis and tenosynovitis were frequent sequelae 

to B. abortus infection in captive elk. Focal, non

suppurative orchitis and epididymitis occasionally occurred 

in bull elk. Serologic studies indicated the need for using 

multiple test methods rather than any single test for 

diagnosis of the disease in elk, and for more stringent 

diagnostic criteria than those applied to cattle. 

There has been circumstantial evidence of natural 

transmission of B. abortus from elk herds to cattle in 

Wyoming (E. s. Williams, pers. comm.). Elk vaccination 

trials (Thorne et al 1981) using regular dosages of B. 

abortus strain 19, are difficult to evaluate. When pregnant 

elk were vaccinated, 27% aborted and strain 19 was isolated 

from the fetuses. Elk challenged with virulent B. abortus 

either six weeks or two years postvaccination had fewer 

abortions than matched controls, but also fewer abortions 

than among elk challenged one year postvaccination. 

Infection rates, determined bacteriologically at necropsy, 

were only slightly lower in elk challenged six weeks 

postvaccination when compared to matched controls, but elk 
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challenged one year postvaccination had higher infection 

rates than their controls. Discrepancies were not 

explained. Field trials are now underway using reduced

dosage strain 19 vaccine in elk calves (Anon. 1985). 

It is notable that serological surveys of 4,000 elk in 

Idaho (Vaugh et al 1973), Colorado (Adrian and Keiss 1977), 

and Utah (Merrell and Wright 1978) did not detect any 

significant Brucella reactors. Many of these elk 

populations would have had contact with infected cattle and 

yet they do not appear to be a reservoir of the disease as 

is the case in Wyoming. This suggests that some unique 

secondary factor(s) are involved in the maintenance of 

brucellosis in Wyoming elk. Extremely high elk population 

densities, artificially maintained by winter feeding 

stations, is a leading factor (Thorne 1982). Elk have been 

seen aborting directly on the feed lines. Stopping the 

winter feeding programs would not eliminate the disease 

unless it was accompanied by a marked decline and dispersal 

of the elk population. 

Numerous serological surveys involving large numbers of 

white-tailed deer (Odocoileus virginianus) and mule deer 

(Odocoileus hemionus) have been done throughout the United 

States. Faye (1961) summarized the data to 1961 and found 

only 20 (0.16%) reactors among 12,706 white-tailed deer in 

24 states. Examination of published data since 1961 reveals 

only 15 (0.22%) reactors out of 6,923 deer tested (Ferris et 
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al 1961, Friend and Halterman 1967, Adrian and Keiss 1977, 

Stauber et al 1977, Hoq 1978, Merrell and Wright 1978, 

Fleming and Nusbaum 1979, Boeer et al 1980, Jones et al 

1983, Ingebrigtsen et al 1986). These figures include both 

white-tailed and mule deer as some reports did not specify 

which species was tested. Of these 15 reactors, only two 

had agglutination titres of 1:100 and the rest were less 

than, or equal to, 1:50 or were not specified. One of the 

reactors was fr-om a subsample of 49 deer deliberately 

selected from Brucella-quarantined farms, and it was the 

only positive deer in the subsample and in the entire sample 

of white-tailed deer (Jones et al 1983). B. abortus has 

only been isolated once from wild deer: Corey et al (1964) 

cultured it from one of 70 white-tailed deer. 

Experimentally infected white-tailed deer developed 

significant antibody titres with no clearly demonstrable 

clinical effects (Youatt and Fay 1959, Baker et al 1962). 

As in Canada, reports of brucellosis in moose in the 

USA are rare, but also indicate that it is a severe, 

generally fatal disease in that species. Fenstermacher and 

Olsen (1942) isolated ~· abortus from a weak moose from 

Minnesota that had fibrinous pleuritis, pericarditis and 

peritonitis, and suppurative nephritis. The animal had a 

titre of 1:50,000 to Brucella. Jellison et al (1953) 

reported fibrinous pericarditis and myocarditis in a thin 

moose from Montana which had an agglutinating titre of 
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1:20,000. They subsequently isolated B. abortus from 

pleural and pericardial fluid. They also examined 44 sera 

from hunter-killed moose in Montana and did not find 

significant Brucella antibody titres. A 1971 serological 

survey of moose from Minnesota did not find notable antibody 

titres in any of 328 samples (Diesch et al 1972). 

Significant antibody titres to Brucella have not been 

found in pronghorn antelope in the USA even though thousands 

of sera have been tested (Adrian and Keiss 1977, Stauber et 

al 1980, Johnson et al 1986). Marginal antibody titres were 

detected in three of 73 Dall sheep (Ovis dalli dalli) from 

Alaska (Foreyt et al 1983). The authors suggested that the 

Dall sheep may have been exposed to B. avis. This is not 

plausible since B. avis is a rough Brucella and the plate 

agglutination test used in the survey is based on smooth B. 

abortus antigen. 

The role of wild carnivores in the epizootiology of 

bovine brucellosis is not understood. Eleven (5.6%) of 198 

coyotes (Canis latrans) from southern Texas were positive on 

Brucella card tests, 9 (6.1%) of 148 coyotes from California 

had titres on plate agglutination tests (Hoq 1978), and 9 

(18%) of 51 coyotes from eastern Texas had Brucella 

antibodies on one or more tests (Davis et al 1979). All of 

these coyotes came from areas where brucellosis occurred in 

cattle. Schnurrenberger et al (1985) did not detect 

antibody titres in two coyotes from farms where cattle were 
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infected. Davis et al (1979) isolated ~· abortus biotype 1 

from 7 of 43 coyotes, including 3 which had been 

serologically negative. Isolates from postpartum vaginal 

discharges of one female coyote and from stomach contents of 

her three newborn pups indicated that vertical transmission 

is possible in this host species. Cattle confined to a 

pasture with experimentally-infected coyotes did seroconvert 

and one cow aborted (D. s. Davis, per. comm.). The aborted 

fetus and coyote feces were culture-positive for B. abortus. 

Two of 25 raccoons (Procyon lotor) from an infected 

farm in Alabama had titres of 1:150 and 1:200 on tube 

agglutination tests, and B. abortus biotype 1 was isolated 

from the spleen and retropharyngeal lymph nodes of one of 

them (Swann et al 1980, Schnurrenberger et al 1985). There 

was no serological or bacteriological indication of Brucella 

infection in another 45 raccoons collected from clean farms 

in that state. One of 11 raccoons in Texas was positive on 

card test (Randhawa et al 1977) and 1 of 16 from California 

had a Brucella antibody titre of 1:25 (Hoq 1978). Other 

surveys failed to find antibody titres among 57 raccoons 

(Youatt and Fay 1961, Boeer et al 1980). 

Schnurrenberger et al (1985) found a titre of 1:150 in 

one of 18 grey foxes (Urocyon cinereoargenteus) from an 

infected farm but they could not isolate the agent., They 

did not 
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find titres in, or isolate the agent from, another 

foxes and one red fox (Vulpes vulpes) from farms 
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where there was no brucellosis in livestock. Nine red and 

14 grey foxes were culture-negative for brucellae in a 

survey of Arkansas wildlife (Corey et al 1964). 

Experimental B. abortus infections in grey foxes produced 

significant antibody titres which waned variably (depending 

on the test used) by day 49 post-infection (Scanlan et al 

1984). Seven of the eight inoculated foxes were culture 

positive at necropsy, including one fox which had reverted 

to negative status on all serological tests. In Ireland, 

four of 32 red foxes reacted on CF and agglutination tests. 

In Argentina, Brucella antibody titres of 1:25 to 1:200 were 

found in 173 (24%) of 728 grey foxes (Dusicyon spp) (Szyfres 

and Tome 1966). 

Brucella antibody titres have also been reported in 18 

(5.4%) of 332 black bears from Idaho (Binninger et al 1980) 

and from five of 75 bobcats (Lynx rufus), three of 59 

striped and spotted skunks (Mephitus mephitus, Spilogale 

gracilis), and two of four badgers (Taxidea taxus) from 

California (Hoq 1978). Agglutination reactions reported in 

red foxes, wolves and grizzly bears (Ursus arctos) in Alaska 

have been attributed to B. suis biotype 4 infection from 

infected caribou (Neiland 1975). Brucellosis has not been 

found in wild mustelids, but epizootics have occurred in 

ranch mink (Mustela vison) fed contaminated cattle by

products (Pritchard et al 1971). 

Examination of these reports of brucellosis in wild 
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carnivores indicates that: antibody titres are not common 

and are often low; brucellae have rarely been isolated; the 

prevalence of infections varies within and among species; 

geographic distribution of cases is uneven; in all 

instances, infected carnivores have been in close proximity 

to infected cattle or caribou; the effect of Brucella 

infection on wild carnivores, and their epidemiological 

significance in disease transmission, is not known. 

A pragmatic opinion is that wild carnivores do not play 

a significant role in the maintenance of nidi of brucellosis 

in Canada. This is based on the success of the brucellosis 

eradication campaign which focused solely on disease control 

in primary reservoirs. Domestic dogs have occasionally 

contracted brucellosis from infected cattle in Canada (Prior 

1976, Forbes 1980) and elsewhere. The prevalence of 

Brucella antibody titres in dogs has reportedly been as high 

as 16% (n = 442) where the disease was enzootic in cattle 

populations (Van der Hoeden in Morse 1951). Infected dogs 

develop variable antibody titres and B. abortus has been 

isolated from a variety of dog tissues (Kerby et al 1943, 

Morse 1951, Morse et al 1951, Kimberling et al 1966, Clegg 

and Rorrison 1968, Prior 1976, Forbes 1980). In a few 

instances, dogs have shed B. abortus in aborted fetuses, 

vaginal discharge, urine and feces (Morse et al 1951, Morse 

et al 1953, Hall 1974, Taylor 1975, Bicknell et al --
1976, Bicknell and Bell 1979, Forbes 1980). Dogs could also 
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act as mechanical vectors by dragging aborted cattle fetuses 

from place to place. Experimentally infected dogs 

transmitted B. abortus to clean cattle kept in the same pen 

(Kick et al 1978). Based on their observations, most of 

these authors suggest that dogs could represent a 

brucellosis hazard for people and livestock, and could 

impede eradication programs. However, this has not been the 

experience in Canada or other countries which have 

successfully eliminated the disease. 

This argument assumes that ~· abortus behaves similarly 

in wild carnivores and domestic dogs, and that the cattle

centered model of Brucella epidemiology applies to widely 

diverse ecological circumstances. One report suggests that 

wildlife monitoring remains important because what may 

appear to be just "an epidemiological curiosity" early in a 

disease control program could become a hazard as eradication 

nears completion (National Research Council 1977). 

Therefore, the cautious view is that it is occasionally 

possible for carnivores to contract and transmit brucellosis 

to other animals, but the probability of this occurring in 

nature is exceedingly small. 

Rodents have received much attention regarding their 

potential role in the transmission of brucellosis. Hagan 

(1922) first demonstrated experimental B. abortus infection 

in wild rats (Rattus rattus), and Bosworth (1937) noted that 

large oral and intraperitoneal doses of B. abortus did not 
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clinically affect these animals, although they did develop 

antibody titres and the agent was isolated from a variety of 

tissues. B. abortus was also isolated from the urine of 

infected rats and horizontal transmission to cage mates did 

occur. Karkadinovsky (1936) isolated ~· abortus from 11 of 

34 wild rats from barns housing infected cattle. However, 

Boswell (1940) could only isolate the pathogen from one of 

167 wild rats collected from barns where infected cattle 

were aborting, and he did not find brucellosis in cattle 

whose feed was contaminated by artificially infected rats. 

Fitch and Bishop (1938) isolated ~· abortus from only one of 

66 rats caught in a barn housing infected cattle. Further 

experimental studies indicated that wild rats required at 

least 5 X 108 organisms per os to cause generalized 

infection, and that B. abortus could not be isolated from 

rat tissues 40 days post-infection (Ivanov et al 1968). 

These authors concluded that wild rats are highly resistant 

to Brucella infection and therefore are not significant 

reservoirs of the disease. Redwood and Corbel (1985) 

reached similar conclusions regarding B. abortus in bank 

voles (Clethrionomys glariolus). Scorgie (1938) reported 

that laboratory mice also were comparatively resistant to B. 

abortus inoculation and he could seldom recover the organism 

from tissues of those that received high dosages. 

Serological surveys on a wide range of species of North 

American wild rodents have rarely detected Brucella antibody 
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titres. The paper by Thorpe et al (1965) is conspicuous in 

this regard because it records antibody titres in a small 

proportion of a very wide range of rodents and other 

wildlife from one area of Idaho. B. abortus was not 

isolated from these animals, but infected cattle were in the 

area. Thorpe et al (1967) experimentally produced chronic 

~· abortus infections in several wild rodent species but did 

not find any evidence that these animals shed Brucella. 

These studies are at odds with other serological surveys 

which have not found antibody titres in any rodents and 

rarely in other wildlife (Youatt and Fay 1961, Boeer et al 

1980, Schnurrenberger et al 1985). An extensive 

bacteriological survey for brucellae in Arkansas wildlife 

isolated B. abortus from three of 170 house mice (Mus 

musculus) but not from other species of rodents or other 

animals (Corey et al 1964). Meyer (1976) reviewed Brucella 

isolates collected from rodents during a 20 year period and 

concluded that rodents were not primary reservoirs of 

brucellosis and become infected through contact with true 

reservoirs such as infected cattle. 

Antibody titres to Brucella have been reported in 7 of 

33 and 2 of 39 opossums (Didelphis virginiana) in Texas and 

Alabama, respectively (Randhawa et al 1977, Schnurrenberger 

et al 1985). B. abortus biotype 1 was isolated from 4 of 43 

opossums from an infected farm in Alabama, but 

opossums from non-infected farms (Swann 
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Schnurrenberger et al 1985). In other surveys, none of 84 

opossums from Michigan, Arkansas or Texas had evidence of 

Brucella infection (Youatt and Fay 1961, Corey et al 1964, 

Boeer et al 1980). Moore and Schnurrenberger (1981b) 

experimentally infected 13 opossums with large oral doses of 

B. abortus. Serological responses were highly variable and 

did not correlate with success of isolating the agent from 

tissues. B. abortus was occasionally isolated from feces 

within four days of exposure, but not from urine, saliva or 

baby opossums in their mothers' pouches. Small numbers of 

B. abortus were isolated from tissues of 10 of the 13 

opossums, some of which had maintained infections for 19 

weeks. The authors also reported find~ng ~· abortus in 2 of 

10 wild opossums, one of which was seronegative on all 

tests. From the experimental data and field results, the 

authors concluded that opossums are not important in the 

spread of bovine brucellosis even though they can be 

infected when exposed to diseased cattle. 

Only Thorpe et al --
titres in lagomorphs: 

(1965) have found Brucella antibody 

29 black-tailed jackrabbits (Lepus 

californicus) and two cottontail rabbits (Sylvilagus spp.). 

The potential role of birds and insects in the transmission 

of brucellosis has been mentioned by some researchers (Clark 

1935, Youatt and Fay 1961, Irvin 1966, McCaughley 1969, 

Meyer 1977, MacDiarmid 1983, Schnurrenberger et al 1985). 

Although experimental infections and transmission have been 
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achieved and a few cases of natural infections found, there 

have been no reports of brucellosis transmission from birds 

or insects in nature to cattle and these animals are 

probably of minor importance in the natural transmission of 

the disease. 

2.2.2 Rangiferine brucellosis (Brucella suis biotype 

4) in Canadian wildlife 

Several authors reported sporadic cases of brucellosis 

in native people in the Northwest Territories (Matas and 

Corrigan 1953, Corrigan and Hanson 1955, Toshach 1955 and 

1963, Brazeau et al -- 1973, Kien et al 1974) and in Alaska 

(Huntley et al 1963, Brody et al 1966), and some suggested 

there was a link with the utilization of reindeer (Rangifer 

tarandus tarandus) and caribou (g. ~· groenlandicus). The 

causative agent differed from brucellae recogni~ed in 

temperate and tropical parts of the world, and there was 

initial confusion in speciation. Early reports called it B. 

melitensis, ~· suis biotype 2, or ~· suis biotype 1 and in 

the Soviet Union it was considered a new species, B. 

rangiferi. Meyer (1966a) evaluated all the available 

isolates from people and reindeer in Alaska, Canada and the 

Soviet Union, and classified the pathogen as ~· suis biotype 

4. 

Broughton et al (1970) found agglutinating antibody 

titres to Brucella of 1:25 or greater in 14 (4.37%) of 320 
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sera from Kaminuriak caribou and in 148 (8.74%) of 1,692 

sera from reindeer in the Mackenzie Delta Grazing Reserve. 

These authors did not find any cases of orchitis, 

epididymitis, bursitis, metritis, abortion or retained 

placenta as have been observed in Russian and Alaskan 

reindeer and caribou, and no attempt was made to isolate the 

agent. ~· suis biotype 4 has been isolated from lesions of 

Canadian caribou with carpal hygromata, orchitis, metritis, 

supraspinous bursitis, and tenosynovitis in the lower limbs 

(Tessaro and Forbes 1986). It has also been isolated from a 

carpal hygroma from a single muskox (Gates et al 1984). In 

a 1982 serological survey of 99 muskoxen on Banks Island, 

Northwest Territo~ies, all sera were negative on tube and 

plate agglutination tests (Tessaro et al 1984). Recent 

surveys have detected the disease in Baffin Island caribou 

(M. Ferguson, pers. comm.). Further studies are needed to 

determine if rangiferine brucellosis is enzootic in Peary 

caribou and woodland caribou populations. 

Information on brucellosis in the Canadian arctic is 

summarized in Table 2 and Fig. 1. ~· suis biotype 4 

infections were confirmed in an additional nine Inuit people 

between 1971 and 1984 but the precise locations of these 

cases are not documented (Laboratory Center for Disease 

Control, Health and Welfare Canada, Ottawa, Ontario, 

unpublished). The broad geographical distribution -of human 

and animal cases (Fig. 1) suggests that rangiferine 
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Table 2: Reports of Brucellosis in People and ADt.als in Horthern Canada. 

LOCATION AND YEAR 

Bathurst Inlet, N.W.T. 
(66°45'N, 108°02'W) 1953, 
1954 

Coppermine, N.W.T. 
(67°50'N, 115oo5'W) 1954 

Cambridge Bay N.W.T. 
(69°07'N, 105bo3•w) 1955 

Fort Chimo, Que. 
(58o06'N, 68024'W) 1955 

Pond Inlet, N.W.T. 
(72o41'N, 78000'W) 1955 

Bathurst Inlet, N.W.T. 1955 

Bathurst Inlet, N.W.T. i959 

Bathurst Inlet, N.W.T. 1960 

Bathurst Inlet, N.W.T. 1961 

Frobisher Bay, N.W.T. · 
(63°45'N, 68°3l'W) 1969 

Frobisher Bay, N.W.T. 1973 

Mackenzie River Delta, N.W.T. 
1960-1969 

Kaminuriak caribou herd 
range. 1966-1968 

Coppermine, N.W.T. 1981 

Gary River, N.W.T. 
(65o55'N, 100o47'W) 1982 

SITE a 

1 

2 

3 

4 

5 

1 

1 

1 

1 

6 

6 

7 

8 

2 

9 

SOURCE I BACTERIOLOGY AND/OR SEROLOGY I REFERENCE 

2 humans I B. melitensisb isolated I Matas and Corrigan 1953, 
(clinical cases) agglutination titre&: 1:100 and Toshach 1955 

1:6400 

1 human serum agglutination test titre: I Toshach 1963 
(clinical case) 1:200 

1 human B. melitensis or B. suis 2b isolated I Toshach 1963 
(clinical case) ierum agglutination titre: 1:1600 

1 of 128 people 
(serosurvey) 

1 of 57 people 
(serosurvey) 

1 of 42 people 
(serosurvey) 

slide agglutination titre: >1:8 

slide agglutination titre: >1:8 

slide agglutination titre: >1:8 

Greenberg et al. 1958 

Greenberg ~ al. 1958 

Greenberg et !!· 1958 

1 human 
(clinical case) 

B. melitensis or B. suis 2b isolated I Toshach 1963 
ierum agglutination titre: 1:800 

1 human 
(clinical case) 

1 human 
(clinical case) 

serum agglutination titre: 1:800 

serum agglutination titre: 1:800 

1 human I I· suis biotype 1b isolated 
(clinical case) 

1 human I· suis biotype 1b isolated 
(clinical case) 

148 out of 1692 tube agglutination titres >1:25 
reindeer -
(survey) 

14 out of 320 tube agglutination titres >1:25 
caribou (survey) -

1 caribou with I· suis biotype 4 isolated 
carpal hygroma 

1 muskox I I· suis biotype 4 isolated 
(Ovibos 
moSchatus) with 
carpal hygromas 
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Toshach 1963 

Toshach 1963 

Health and Welfare canada, 
unpublished. 

Kein ~ !!· 1974 

Broughton et !!· 1970 

Broughton ~ al. 1970 

G. Wobeser, unpubl. 

Gates et al. 1984 



Table 2: Reports of Brucellosis in People and Aniaala in llortbern Canada. (Continued) 

LOCATION AND YEAR 

Repulse Bay, N.W.T. 
(66o32'N, 86°1S'W) 1982 

Churchill, Man. area 
(S8°4S'N, 94°07'W) 1983 

Coppermine, N.W.T. 1983 

Frobisher Bay, Clyde River 
(70027'N, 68°33'W), Arctic 
Bay (73002'N, 85o11'W), and 
Pangnirtung (66°08'N, 
6S043'W) 1983 

Spence Bay, N.W.T. 
(69032'N, 9JOJ2 1 W) 1984 

Repulse Bay, N.W.T. 
(66032'", 86°1S'W) 1984 

Pelly Bay, N.W.T. 
(68°32'N, 89°SO'W) 1985 

Inuvik, N.W.T. 
(68°21'N, 133°43'W) 1986 

a Site indicated on Fig. 1. 

SITE8 I SOURCE 

10 I 1 caribou with 
granulomatous 
nephritis 

11 I 1 caribou with 
orchitis 

2 I 1 caribou with 
hygroma and 
mastitis 

6 I 43 caribou 
12 Cserosurvey) 
13 
14 

BACTERIOLOGY AND/OR SEROLOGY 

I· suis biotype 4 isolated 

I· !Y!! biotype 4 isolated 

I· suis biotype 4 isolated 

Complement fixation tests: 
15 sera >1:80 
2 sera at 1:5 

15 1 human I I· suis biotype 4 isolated 

10 

16 

17 

(clinical case)· 

1 caribou with I I· suis biotype 4 isolated 
supraspinous 
bursitis 

1 caribou with I l··suis biotype 4 isolated 
tenosynovitis 

1 caribou with I I· aula biotype 4 isolated 
carpal hygroma 

b It is likely that these Brucella isolates were I· suis biotype 4 • 
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REFERENCE 

Tessaro and Forbes, 
in press 

Animal Pathology Laboratory, 
unpubl. 

Animal Pathology Laboratory, 
unpubl. 

M. Ferguson, N.W.T. Wildlife 
Service, and Animal Diseases 
Research Institute, Nepean, 
Ont., unpubl. 

Animal Diseases Research 
Institute, Nepean, Ont., 
unpublished 

Animal Pathology Laboratory, 
unpublished 

G. Wobeser, unpubl. 

G. Wobeser, unpubl. 



Figure 1. Locations of reported instances of brucellosis in 
northern Canada. Numbers correspond to the cases 
listed in Table 1. 
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brucellosis is enzootic in most Canadian barren-ground 

caribou. 

In Alaska, agglutinating antibody titres to Brucella 

have been reported in caribou, reindeer, arctic ground 

squirrels (Spermophilus parryii), a moose, grizzly bears, 

red foxes, arctic foxes (Alopex lagopus), sled dogs and 

wolves (Huntley et al 1963, Neiland 1970 and 1975, Morton 

1981, Zarnke 1983). Experimental B. suis biotype 4 

infections have been studied in caribou, domestic dogs, 

wolves, grizzly bears, a black bear (Ursus americanus), a 

moose, a variety of rodents, and snowshoe hares (Lepus 

americanus) (Rausch and Huntley 1978, Miller and Neiland 

1980, Neiland and Miller 1981, Morton 1981). In the Soviet 

Union, ~· suis biotype 

wolves, arctic foxes, 

wolverines (Gulo gulo) 

1978). 

4 has been isolated from reindeer, 

stoats (Mustela erminea) and 

(Gorban 1977, Grekova and Gorban 

There is limited information on experimental B. suis 

biotype 4 infections in livestock. Cattle developed 

agglutination titres of 1:80 to 1:320, but no lesions were 

seen at necropsy and the bacteria could not be recovered 

from tissues (Orloff 1963, Davydov 1965). Sheep did not 

develop lesions and the agent could not be recovered from 

necropsy tissues. Experimentally infected swine maintained 

the organisms in cephalic lymph nodes for up to four weeks, 

but not for eight weeks, and they did not develop bacteremia 
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or generalized infection (Deyoe 1972). 

In conclusion, rangiferine brucellosis does not appear 

to be a health threat for Canadian livestock. However, 

caribou are widely used for food by people in northern 

Canada and there have been proposals to harvest caribou 

commercially as is done at the reindeer operation near 

Tuktoyaktuk. Recognition of the disease is important from a 

food hygiene standpoint because of the zoonotic significance 

of ~· suis biotype 4. Also, the 

important herd health problem 

disease may 

for reindeer 

intensive husbandry of this species continues 

become a more 

and caribou if 

to develop in 

Canada, as it has in Alaska and the Soviet Union. 

2.2.3 Bovine tuberculosis (Mycobacterium bovis) in 

Canadian wildlife 

Many wildlife species can contract tuberculosis. This 

alone does not determine their relative importance in the 

epizootiology of the disease. Given the transmissibility 

and importance of tuberculosis, all wildlife cases merit 

close scrutiny because they might represent a reservoir or 

sentinel of the disease. One problem in the detection of 

tuberculosis in wildlife is the lack of proven test methods; 

there is no reliable blood test, intradermal tuberculin 

tests have not been properly evaluated in many wildlife 

species, and lymphocyte activation tests are not yet 

perfected. Furthermore, the immune spectrum of 
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mycobacterial infections 

resulting variation in 

complicate the diagnosis 

in different host species and the 

the appearance of lesions can 

(Thorns and Morris 1983). When 

tubercular lesions are found in wildlife, attempts should be 

made to determine whether M. bovis, M. avium, M. 

tuberculosis or "atypical mycobacteria" are involved, 

because all of these agents have been reported in wild 

animals, and the difference is critical for analysis of the 

problem and prediction qf the outcome. 

Mycobacterial infections are more often a problem in 

zoo or game farm collections and non-human primate colonies 

than in free-ranging wildlife. Primate colonies have 

received a great deal of attention because of the relative 

frequency of outbreaks and the related veterinary and public 

health implications (Francis 1958). One study of 166 

mycobacterial isolates from captive wild mammals found that 

44.6% were M. bovis, 32.5% were M· avium, and 16.9% were M. 

tuberculosis (Thoen and Himes 1981). The prevalence of 

tuberculosis in Canadian zoos, game parks and primate 

colonies is very low, but national and international trade 

in wildlife species always presents the possibility of 

disease introduction and spread. 

The largest known free-roaming wildlife reservoir of 

bovine tuberculosis in North America is the hybrid bison 

population in and around WBNP (see section 2.1.2). This is 

the only known wildlife reservoir of the disease in Canada 
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at the present time. These bison will soon be the only 

reservoir since M. bovis infection in livestock is now 

exceedingly rare in Canada, and will be eradicated shortly. 

It is useful to consider which other Canadian wildlife 

species might contract tuberculosis and whether they could 

play a significant role in the spread of the disease. 

Mycobacterial infections have been observed in members 

of the deer family. In Canada, lesions caused by M. bovis 

were found in 73 (5.5%) of 1,329 elk, 6 (5.6%) of 107 moose 

and 2 (0.8%) of 242 mule deer that ranged with the infected 

bison at Buffalo Park near Wainwright (Hadwen 1942). The 

disease was more recently found in a white-tailed deer in 

Ontario in 1958 (Belli 1962). M. bovis infection has been 

confirmed in only three other free-living white-tailed deer, 

all from the USA (Levine 1934, Friend et al 1963). One case 

of generalized tuberculosis caused by an atypical 

mycobacterium (Runyon group II) has also occurred in.one 

white-tailed deer (Hubbard et al 1967). Ferris et al (1961) 

reported 2 fatal cases of mycobacteriosis (species not 

determined) in an interstate shipment of 10 white-tailed 

deer from a licensed deer farm. These authors examined over 

300 wild deer in Illinois and found no evidence of 

tuberculosis. They concluded that confinement was a factor 

in the occurrence of the disease in farmed deer, and they 

stressed the potential threat of disease transmission to 

people and livestock and the need to regulate the shipment 
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of farmed deer and other game species. 

Although bovine tuberculosis has not been reported in 

wild North American elk, this may be the cervid of greatest 

concern in the epidemiology of the disease on this 

continent. The species is gregarious, high stocking 

densities can be achieved, and game ranchers are very 

interested in using these animals for meat and velvet 

production and for trophy hunting. A herd of 15 elk on a 

game preserve in Georgia was depopulated in 1965 because of 

bovine tuberculosis (Ranney 1966). A recent outbreak of 

bovine tuberculosis in captive elk occurred in the United 

States which required the investigation of nine elk herds in 

seven states and the testing of associated bison herds and 

livestock (Stumpff 1982). Three persons in contact with the 

infected elk converted from negative to positive status on 

Mantoux tests. Infected elk herds were depopulated, but the 

investigation, clean-up and legal repercussions continued 

until 1986 because tuberculosis was transmitted from elk to 

bison herds (see section 2.1.2). 

Taxonomists now consider the North American elk and the 

European red deer to be conspecific. In New Zealand, bovine 

tuberculosis is a significant problem in red deer on game 

farms and there is concern that the disease could spread to 

cattle (Hellstrom 1979, deLisle et al 1983, deLisle and 

Havill 1985). It is thought that the disease originated 

from the wild deer that were captured to stock the deer 
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farms rather than from cattle (deLisle and Havill 1985}. 

The very low prevalence in wild deer compared to farmed deer 

in New Zealand again suggests that close confinement and 

high population densities are conducive to the spread of 

this disease in wild ungulates. The disease was not found 

in a survey of wild and captive red deer from a game farming 

region of Australia (McKenzie et al 1985}. In the U.S.S.R., 

bovine tuberculosis is a problem in farmed marals (Cervus 

elaphus maral}, which are a subspecies of elk/red deer~ 

(Fedoseev et al 1982). 

In Europe, tuberculosis is occasionally seen in wild 

and captive deer. In Ireland, Wilson and Harrington (1976) 

reported a fatal case of disseminated bovine tuberculosis in 

a wild fallow deer (Dama dama), and Dodd (1984} isolated M. 

bovis from lesions in ~hree sika deer (Cervus nippon) and 2 

sika-red deer hybrids among a sample of 130 wild deer. In 

Scotland and England, Gunning (1985} reported M. bovis 

infections in two wild roe deer (Capriolus capriolus), but 

mycobacteria isolated from fallow deer and red deer have 

been M. avium (Hopkinson and McDiarmid 1964, Hime et al --
1971, Matthews et al 1981) or an avian-like atypical 

mycobacterium (Jones et al 1976} . Cases of bovine 

tuberculosis in wild roe and fallow deer have been seen in 

Germany and Switzerland (Schmidt 1937, 1938a, 1938b, 1938c, 

Platen 1939, Bouvier 1963, Bischofberger and Nabholz 1964}. 

Most of these European cases were reported from a time or 
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place where deer had contact with infected cattle. Although 

the incidence of the disease has been low in European deer, 

Bouvier (1963) and Bischofberger and Nabholz (1964) suggest 

that infected deer could be a significant cause of 

breakdowns in an eradication program, and the latter authors 

provide evidence implicating roe deer as the source of re

infection in several cattle herds. 

The information on tuberculosis in exotic deer is of 

interest for several reasons. These species are frequently 

exhibited in Canadian zoos and game parks, and two released 

populations of fallow deer are thriving on James Island and 

Sidney Island, British Columbia {Banfield 1974, McGregor 

pers. comm.). A variety of exotic deer have been introduced 

into the USA for game ranching and sport hunting and have 

been set free inadvertantly or deliberately. In some 

instances these species have adapted and displaced native 

wildlife, and have become thoroughly established. Bovine 

tuberculosis has been a problem in a large herd of captive 

fallow deer in Michigan {Towar et al 1965, Towar 1968) and 

in free-ranging axis deer {Axis axis) introduced into Hawaii 

{Sawa et al 1974). Studies on tuberculosis in exotic deer 

have also pointed out the short-comings of conventional 

diagnostic tests in these species, particularly in 

differentiating M. bovis infections from M. avium or 

atypical mycobacterial infections (Hellstrom 1979, Kollias 

et al 1982, deLisle and Havill 1985, Sutton et al 1985). 
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This has lead to preliminary evaluations of enzyme-linked 

immunoassays in tuberculous elk (Swartz et al 1983). 

Tuberculosis has not been seen in free-ranging caribou 

or reindeer, but M· bovis has been isolated from multiple 

pulmonary tubercles in two reindeer in zoo collections 

(Griffith 1928, Lovell 1930). The lesions in these two 

reindeer were similar to those generally seen in deer, 

antelope, sheep and goats: there were very large numbers of 

bacilli present in lesions which underwent cavitation and 

became patent with pulmonary airways. Hence these were 

"open" cases capable of disseminating large numbers of M. 

bovis into the environment. The absence of the disease in 

wild caribou and reindeer suggests that the species is 

either resistant to infection, has not been exposed to the 

agent, or lacks some host or environmental factor(s) 

necessary for contagion to occur. Given the large and 

extensive populations of caribou in northern Canada, it 

would be disastrous if tuberculosis were to become 

established in these animals. 

Bovine tuberculosis has rarely been reported in free

ranging, wild carnivores. The only report of the disease in 

wild wolves was based on lesions from which M. bovis was 

cultured in two animals from Riding Mountain National Park 

in Manitoba (Carbyn 1982). Follow-up studies were not done 

to determine the source of infection. A raccoon trapped in 

Ontario has been the only source of M. bovis in this wild 
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host (Brown 1931), although the disease has occurred in 

raccoons in zoo collections (Fox 1928, Secord 1936, Urbain 

and Nouvel 1946). The disease has not been reported in 

North American foxes, but M. bovis was isolated from one of 

seven red foxes in England (Little et al 1982a) and 

occasionally from wild red foxes in Switzerland (Nabholz 

1957). The English fox had no grossly visible lesions. 

Bouvier (1963) thought that wild badgers (Meles meles) and 

foxes in Switzerland contracted tuberculosis from scavenging 

on diseased deer carcasses. Bovine tuberculosis has been a 

significant health problem in foxes and mink on fur farms 

where infected bovine offal was used for feed (Kingscote 

1936, Lovell and White 1941, Soldatova 1964, Pulling 1952, 

Simintzis 1957, Joubert 1959, Adamesteanu et al 1970, Beck 

et al 1974). Because the disease has occurred in captive 

carnivores and in domestic cats and dogs exposed to infected 

cattle, occasional cases might be expected in wild 

carnivores that are closely associated with heavily infected 

hooved stock. 

Infection with M. bovis has not been reported in wild 

mice (Thorns and Morris 1983), has rarely been found in wild 

rats (Bosworth 1940, Rankin and McDiarmid 1968), and has 

only been identified once in a wild rabbit (Thorns and 

Morris 1983). Bovine tuberculosis was diagnosed in a rabbit 

(species unknown) (Griffith 1928) and a beaver (Castor 

canadensis) (Fox 1923) from zoo collections. Although the 
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disease is very rare in wild rodents, numerous investigators 

have demonstrated the susceptibility of these animals, 

especially members of the vole family, to experimental 

infection with M. bovis (Wells 1938, Griffith 1939; 

Jesperson 1975a, 1975b, 1976, 1977; Jesperson et al 1977a, 

1977b). Atypical mycobacteria and M. avium have 

occasionally been isolated from wild rats and hares (Plum 

1942, Matthews and Sargent 1977), and wild voles and rats 

are host to specific mycobacteria, namely ~· microti and ~· 

lepraemurium. 

Important wildlife reservoirs 

discovered in other countries. 

of M. bovis have been 

Although the disease has 

been known to occur in European badgers in zoos since the 

1920's (Scott 1926) and in the wild since the 1940's 

(Hulphers and Lilleengen 1947), it was not until the 1970's 

that these animals became recognized as a significant 

reservoir of bovine tuberculosis (Muirhead et al 1974, 

Gallagher et al 1976). This recognition came near the end 

of the eradication program in England, when the disease 

persisted in cattle in certain areas despite intensive, 

cattle-based, control measures. Since then, numerous 

studies have exonerated other wildlife species and clearly 

proven the epidemiological link between badgers and 

livestock (Cheeseman et al 1981, Evans and Thompson 1981, 

Little et al 1982b and 1982c, U.K. Ministry of Agriculture, 

Fisheries and Food 1981 and 1984). In New Zealand, bovine 
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tuberculosis is widely distributed in brush-tailed possums 

{Trichosuris vulpecula) {Stockdale 1975, Lepper and Corner 

1983). Asian water buffalo (Bubalis bubalis) are reservoirs 

throughout their range, including Australia {Hein 1981, Hein 

and Tomasovic 1981, Best 1984), and free-ranging Cape 

buffalo (Syncerus caffer) are maintenance hosts in Africa 

(Guilbride et al 1963; Woodford 1972, 1982a, 1982b). Other 

w~ldlife reservoirs may be discovered as developing nations 

attempt to control or eradicate bovine tuberculosis from 

their livestock populations. 

2.2.4 Conclusions on the existing and potential 

significance of brucellosis and tuberculosis in 

Canadian wildlife 

Brucellosis and tuberculosis share a wide range of 

potential wildlife hosts. However, field surveys on free

ranging populations have only rarely found infected 

individuals and most of those cases had been in contact with 

infected cattle. There are a few important exceptions to 

this generalization. In North America, bison and elk have 

been, and are, important reservoirs of bovine brucellosis 

and tuberculosis. In the presence of primary reservoirs, 

other wildlife species can contract the diseases and may 

secondarily be important mechanical or biological vectors. 

As with other contagious diseases, close confinement is 

conducive to the transmission of tuberculosis and 
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brucellosis. Hence, zoos, wildlife parks, laboratory animal 

colonies and fur farms can become nidi of infection. 

The hybrid bison in and around WBNP are the largest 

reservoir, and the only existing wildlife reservoir, of B. 

abortus and M. bovis in Canada. The introduction of these 

diseases into the park should stand as a classic example of 

the problems that occur when wildlife are transplanted 

without due attention to disease status. 

Caribou are the primary host of B. suis biotype 4, and 

~his disease is widespread in Canadian barren-ground caribou 

herds. The disease is not a threat to livestock, but it is 

a zoonosis and it could represent a herd health problem in 

th~-commercial development of caribou resources in Canada. 

There is increasing interest in game ranching in Canada 

(Telfer and Scatter 1975, Novakowski and Solman 1975, Hudson 

1975a, 1975b, '1982, 1983, MacHardy 1981, Stager 1983, 

Alsager and Alsager 1984). The Government of Alberta has 

recently distributed a discussion paper which indicates 

their support for this developing industry (Alberta Fish and 

Wildlife Division 1984). Bison and elk are advocated as the 

species of choice for game ranches in western Canada. 

Because these species are also potentially significant 

reservoirs of brucellosis and tuberculosis, game ranches 

will have to be monitored and the transport of live animals 

regulated. It is still too early to say if game ranching 

will develop into a viable industry in Canada. However, the 
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potential importance of this industry in the epizootiology 

of infectious 

must not be 

diseases such as brucellosis and tuberculosis 

overlooked. Game ranching may blur the 

distinction between wild, ranched and zoo animal populations 

allowing diseases to circulate among these currently 

isolated groups. 

2.3 Historical perspective of bison and disease management 

in and around Wood Buffalo National Park 

2.3.1 Introduction 

There are two subspecies of North American bison in 

Canada: the plains bison, Bison bison bison (Linnaeus 

1758), and the wood bison, Bison bison athabascae (Rhoads 

1897). Estimates of bison numbers prior to European contact 

range from 30 to 60 million and the species was widely 

distributed over the continent. However, because of the 

uncontrolled slaughter of these animals during the 19th 

century, the population by 1889 was estimated to be only 831 

animals: 550 wood bison in Canada between the Slave and 

Athabasca Rivers, and 281 plains bison in the United States 

mainly in Yellowstone National Park (Hornaday 1889). 

Protective legislation, establishment of government-owned 

herds, and private bison ranches have saved the plains bison 

and today there are an estimated 85-90 thousand bison in 

North America (Hawley and Bunnage 1985). They are no longer 
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considered threatened or endangered and in many 

jurisdictions they have become classified as livestock 

rather than wildlife. Fewer than 3000 wood bison exist 

today, virtually all of them in Canada, and they are 

nationally and internationally recognized as threatened 

wildlife (Novakowski 1978, 1979; Convention on International 

Trade in Endangered Species 1984). 

The success of the conservation efforts to save the 

bison is as deeply etched in the public mind as is the guilt 

for the near extermination of the bison a century ago. 

Because of these sentiments, the management of publicly

owned bison must be done carefully; decisions must be based 

on Qcientific information, public education must be done, 

and planners must be prepared to have their decisions 

scrutinized by the public. The history of bison and disease 

management in and around WBNP provides scientific 

information and insight into the problems that exist there 

today. 

2.3.2 The origin and population trends of hybrid bison 

in Wood Buffalo National Park 

WBNP was created in December, 1922 to preserve the 

native habitat of the wood bison and to protect the species 

from extinction. At that time there were an estimated 1500 

wood bison in the park which then encompassed 27,200 km 2 

with the Peace River delineating its southern boundary 
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(Graham 1923, Kitto 1924). 

Between 1907 and 1912, Canada purchased and received 

672 plains bison from the Pablo-Allard herd in Montana. The 

first 410 of these animals were held at Elk Island National 

Park. Between 1909 and 1912, the remaining 262 Montana 

bison were transported directly to Buffalo National Park 

near Wainwright, Alberta, together with 325 of the bison 

from Elk Island and 77 bison from Banff National Park. The 

bison that were left behind in Elk Island National Park 

became the nucleus of the plains bison herd that is still 

there today. 

The plains bison at Wainwright multiplied under a 

reg1me of natural grazing and supplemental feeding until 

they exceeded the carrying capacity of the facility. Some 

were slaughtered for meat sales and, between 1925 and 1928, 

6,673 bison were sent by rail and barge to WBNP, where they 

were set free. The decision to send plains bison to WBNP 

was hotly contested by members of the scientific community 

because the Wainwright plains bison were known to have 

bovine tuberculosis and because they would interbreed with 

the native wood bison resulting in a hybrid population 

(Anon. 1925, Harper 1925, Howell 1925, Saunders 1925, Rowan 

1929). The plan was championed by Maxwell Graham of the 

Department of the Interior who mistakenly believed that the 

introduced plains bison would be isolated from the wood 

bison in the northern range of the park (Graham 1924). He 
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did not discuss the tuberculosis problem. Tuberculin 

testing had been proposed but was not actually done prior to 

shipment (Fuller 1962). Dr. Thomas Barbour, Professor of 

Zoology at Harvard University, later said of the transplant: 

"This, one of the most tragic examples of bureaucratic 

stupidity in all history, was done against the protests of 

both Canadian and American naturalists who would rather have 

seen the surplus southern bison killed'' (Barbour 1932). 

Because some of the released bison crossed the Peace River 

onto the Peace-Athabasca Delta, in 1926 the park boundary 

was extended southward to the 27th Baseline giving WBNP its 

present area of 44,807 km 2 (Fig. 2). 

-_ Bison population estimates have been made ever since 

the park was created. Census methods evolved from ground 

surveys prior to and during the 1920's, through aerial 

transect surveys between the 1930's and 1960's, to total 

counts from the 1970's to the present time. Estimating the 

number of bison is difficult for many reasons: the park is 

very large; there is neither homogeneity of habitat type nor 

of bison distribution; bison are highly mobile and their 

movements are not entirely predictable; bison distribution 

patterns do not conform ideally to either random or clumped 

distribution statistics for transect survey analyses; and 

bison are difficult or impossible to see from the air when 

in forested areas or dense brush. For these-reasons, 

confidence in ground survey results is very low and 
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Figure 2. Map showing the location of Wood Buffalo National 
Park, the Slave River Lowlands, and the Mackenzie 
Bison Sanctuary. The broken lines indicate 
highways. 
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confidence intervals on extrapolated totals from aerial 

transect surveys would be very broad. Fuller (1950) was 

aware of short-comings in the transect census technique and 

attempted to stratify his data in a limited way. He pointed 

out that population trends over several years would be as 

important as the derived total from any one year, but 

unfortunately different surveyors used different methods and 

therefore comparison of results is difficult. 

The most reliable data come from aerial total counts 

started in the 1970's. Tempany and Cooper (1976) commented 

on the weakness of aerial transect surveys, even with 

rigorous sample stratification, and they endorsed the use of 

total counts in the park. Comparing the two techniques in 

the same area, their transect survey estimated 6,225 bison 

while the total count yielded 2,000 bison. Statistical 

analysis of total count replicates indicated reliability at 

the 95% confidence level (Stelfox and Kingsley 1975). The 

total counts are especially useful from 1975 onward because 

the methodology and data recording system have been 

essentially uniform from year to year. 

There are many bison counts in park records which only 

covered portions of the bison range and with varying degrees 

of thoroughness depending on the particular objective of 

each survey. These are of some use in studying bison 

distribution, but they are difficult or impossible to use in 

estimating bison population trends. An extensive review of 
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all of the park bison records is currently being done by 

Parks Canada and the Canadian Wildlife Service (Carbyn in 

progress). 

Population estimates for WBNP are shown in Table 3 and 

Fig. 3. Given the relatively poor confidence in the early 

data, all that can be safely presumed about the bison 

population is: 1) the population started with approximately 

8,000 animals given that there were 6,673 plains bison 

released between 1925 and 1928, and there were an estimated 

1500 wood bison present prior to the release; 2) the 

population increased between 1928 and 1971, but the rate and 

magnitude of the increase 

started to decline around 

1974 and 1975, followed 

are uncertain; 3) the population 

1970, with a sharp drop between 

by a period of relative population 

stability at around 5,000 bison. There are no good data to 

suggest that a classical, exponential eruption of the park 

bison population occurred following the introduction of the 

plains bison in the 1920's. The cause of the population 

decline is not certain, although the sharp drop between 

1974 and 1975 corresponds with the known drowning of many 

bison (estimates as high as 3,000 dead) due to unusually 

severe spring flooding of the Peace-Athabasca Delta in 1974 

(R. Coupland pers. comm.). Why the population has not 

recovered since that time is even more uncertain. 

Several factors have, or may have, affected the bison 

population. These include occasional mass drownings, past 
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Table l: Bison population estillates in Wood Buffalo Rational Park:f 

Nwnber of Bison 

Year Census Method 1• Range* 2• Range** Total Reference 

1922 Ground survey 1,500 Graham 1923 

1934 Ground survey 12,000 Soper 1941 

1947 Transect survey 7,482 Fuller 1950 

1949 Transect survey 12,000 - 15,000 Fuller 1950 

1951 Transect survey 10,000 - 12,000 Fuller 1951 

1957 Transect survey 12,000 - 14,000 Novakowski 1957 

1961 Transect survey 8,800 - 10,000 Park files 

1971 Total count 9,561 not done 

1972 Total count 9,236 not done 

1973 Total count 8,062 not done 

1974 Total count 7,415 not done 

1975 Total count 4,779 748 5,527 Tempany ' Cooper 1976 

1976 Total count 5,594 467 6,061 Tempany ' Cooper 1976 

1977 ',l'otal count 4,700 no 5,170 Millet ' Collingwood 1977 

1978 Total count 4,685 688 5,373 Couchie ' Lorringer 1979 

1979 Total count 4,620 919 5,539 couchie ' Lorringer 1979 

1980 Total count 4,154 358 4,512 Anions ' Lukiwski 1980 

1981 Total count 4,782 782 5,564 Anions ' Freemont 1981 

1982 Total count 4,242 not done Freemont ' Bell 1982 

1983 Total count 4,429 577 5,006 Peterson 1983 

* Primary range was subjectively·defined as those areas where large proportions of the bison 
population could be reliably found. 

** Secondary range included all areas outside primary range, where smaller numbers of bison 
were seen or where larger numbers were only seen sporadically. 

63 



Figure 3. Bison population estimates for Wood Buffalo 
National Park based on data in Table 3. Solid 
bars represent total population estimates with 
cross-hatched areas being the range within the 
total population estimate. Open bars represent 
the number of bison counted on primary range 
only. 
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bison slaughters, a high incidence of brucellosis and 

tuberculosis in the bison, anthrax outbreaks, wolf predation 

and past wolf control programs, emigration from the park, 

changes in hydrology and habitat, and increased mortality 

during particularly severe winters. However, there are 

insufficient data to evaluate the proportional morbidity and 

mortality caused by each of these past or present factors. 

Many of these factors, such as predation and the presence of 

significant diseases, are closely interrelated and this has 

complicated attempts to attribute bison losses to individual 

causes. 

Natality and recruitment rates are comparatively easier 

to ~etermine than mortality rates in free-ranging bison. 

Pregnancy rates were recorded at past bison slaughters in 

WBNP and calf crops have been estimated from aerial surveys. 

At bison slaughters the round-up procedures biased the sex 

ratio of the sample in favor of females (Tempany 1976, 

Choquette et al 1979) and it is not known if pregnancy rates 

in sample age classes were representative 

total bison population. Slaughter data 

of those in the 

indicate that the 

age composition of slaughtered bison varied from year to 

year, that pregnancy rates varied among some age groups, and 

that pregnancy rates could vary markedly from year to year 

(Table 4). Because of these factors, the data must be 

interpreted cautiously; lumping of pregnancy rates over 

several years or over several age classes can give an 
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Table 4: Pregnancy rates by age class and location for bison in Wood Buffalo Rational Park, based on slaughter data. 

2-Year-Old 3-Year-Old 4-Year-Old Young Adult* Adult* Aoed* Total 

N ' N ' N ' N ' N ' N ' N ' 
Year Location Preon. Preon. Pregn. Preon. Preon. Preon. Preon. Reference 

1952 Lk. Claire 17 58.8 31 80.1 - - 42 85.7 9 11.8 6 33.3 105 66.7 Fuller 1962 

1952-56 Hay Camp 160 38.1 92 65.2 120 62.5 95 66.3 192 58.3 74 25.7 733 53.2 Fuller 1962 

1957 sweetgrass 39 28.2 34 50.0 25 72.0 33 69.7 45 62.2 17 52.9 193 54.9 Olson 1958 

1958 Sweetgrass 31 64.5 35 74.3 26 80.8 17 76.5 19 57.9 5 60.0 133 70.7 Novakowski 1958 I 

1959 Sweetgrass 37 27.0 40 32.5 24 45.8 36 58.3 69 47.8 9 22.2 215 41.9 Choquette & Stewart 1959 

1961 Sweetgrass 18 5.6 38 36.8 29 31.0 32 46.9 21 33.3 10 10.0 148 31.8 Novakowski & Choquette 1961 1 

1963 Hay Camp 2 50.0 14 28.6 4 50.0 17 58.8 18· 27.8 2 100.0 57 42.1 Novakowski & Choquette 1963 

1964 Hay camp 12 33.3 16 56.3 16 68.8 52 30.8 4 o.o 4 o.o 104 38.5 Novakowski & Choquette 1964 

1974 Sweetgrass 1 0.0 3 0.0 2 o.o - - 55 23.6 - - 114 11.4 Broughton 1974 
'---~ ~----~~ '-------~~ 

* Precise definition of this class was not stated. 
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erroneous impression. The data support the observation that 

pregnancy rates are lower in 2-year-old and in aged bison 

than in the 3-year old to adult classes (Fuller 1962). They 

do not indicate any consistent difference in pregnancy rate 

between the north (Hay Camp) and south (Lake Claire, 

Sweetgrass) sides of the Peace River. To truly evaluate 

this, data would have to be collected from bison on both 

sides of the river during the same year since pregnancy 

rates vary from year to year even in the same location. 

Graphic analysis of the data (Fig. 4A) indicates that 

factors influencing pregnancy rates apply across all age 

classes in any given year,. i.e. age class specific pregnancy 

rates do not vary independently. The most productive 

segment of .the bison cow herd should be those animals that 

are 3 years old and over, excluding the "aged" class. 

Although the data are limited, the cumulative pregnancy rate 

for this group appears to have declined over the years that 

the slaughters were conducted (Fig. 4B). Fuller (1962) 

compared the cumulative pregnancy rate for 1952-1956 (57% of 

733 females) with those of other bison herds and found that 

it was much lower than that of bison from Elk Island 

National Park (85% of 255 females) and of the National Bison 

Range, Montana (86% of 64 females). There were subsequent 

years when the pregnancy rate was even lower than that of 

1952-1956. Novakowski (1958) noted that pregnancy rates 

were significantly higher than calf crop estimates and 
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Figure 4. Pregnancy rates in different age classes of bison 
in Wood Buffalo National Park based on slaughter 
data from 1952 to 1974. Graph A gives rates for 
individual age classes; Graph B provides the 
cumulative rate for all cows 3 years old and 
over, excluding "aged" animals. 

Legend for Graph A: 0 2-year-olds 

~ 3-year-~lds 

0 4-year-olds 

• young adults 

• adults 

0 aged 
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suggested that the discrepancy could be caused by Brucella

related abortion and perinatal mortality. 

Bison calf crop and recruitment estimates have been 

based on aerial survey data and expressed as percentage of 

calves in the bison population sample. Some of the 

information is poor because it was based on small sample 

sizes and because some observers only counted bison herds 

where calves were present, leaving herds not containing 

calves, bull groups or lone animals, out of the denominator 

of the calculation. Some estimates were based on corralled 

bison at the slaughters or the anthrax vaccination programs, 

and these values are questionable because the round-up 

procedures biased the sample. The time of year must be 

taken into account when evaluating calf production and 

recruitment since the number of calves is greatest shortly 

after the peak of the calving season and then declines over 

the following year when the survivors enter the yearling age 

class (Fuller 1962). 

Table 5 gives some of the calf crop estimates, 

excluding results based solely on herds where calves were 

present, or where sample sizes were less than 300 animals, 

or where the data were derived from round-ups. Fig. 5 plots 

the monthly calf percentage estimates for the various years. 

It shows that the estimates vary considerably for any given 

month over the years, but not with any consistent historical 

trend. The wide variability may, in part, be due to 
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Table 5: Bison calf counts in Wood Buffalo National Park, both north (Area I) and south (Area II) of the ·Peace 
River. 

Area I Area II 

Total No. No. of ' Total No. No. of ' Month Year of Bison Calves Calves of Bison Calves Calves Reference 

Aug. 1950 1065 128 12.0 Fuller 1962 
Sept. 1950 497 50 10.0 Fuller 1962 
May 1951 675 68 10.0 Fuller 1962. 
June 1951 430 60 14.0 1977 332 16.8 Fuller 1962 
July 1951 1630 332 20.4 Fuller 1962 
Aug. 1951 321 51 16.0 Fuller 1962 
Sept. 1951 376 71 19.0 Fuller 1962 
Dec. 1951 181 22 12.0 Fuller 1962 
July 1952 247 57 23.0 Fuller 1962 
Aug. 1952 188 34 18.0 Fuller 1962 
July 1953 378 64 17.0 Fuller 1962 
Aug. 1953 211 30 14.0 Fuller 1962 

July 1970 1978 465 23.5 McCourt 1970 
I Aug. 1970 892 161 18.0 Mccourt 1970 

July 1971 1846 307 16.6 Allison 1972 I 

May 1972 344 38 11.0 Stewart 1972 
July 1972 701 27 3.9 Stewart 1972 
May 1973 2402 205 8.5 Stewart 1973 
Sept. 1974 1376 181 13.2 Tempany 1976 
Sept. 1975 614 113 18.4 Cooper 1975 
Nov. 1975 1549 222 14.3 Tempany & Cooper 1976 
Aug. 1976 1126 100 8.9 1121 162 14.5 Millette 1976, Tempany 1976 
Aug. 1978 1148 165 14.3 Collingwood 1978 
Nov. 1978 587 75 13.5 1030 92 8.9 Couchie 1978, Loringer 1978 
Mar. 1979 721 56 7.8 Hammond 1979 
Aug. 1979 256 34 13.0 1069 100 9.4 couchie 1979 
Nov. 1979 1199 65 5.4 1823 164 9.0 Anions 1979 
Feb. 1980 1034 60 5.8 Anions & Lukiwski 1980 
July 1980 2391 421 17.6 Anions 1980 
Aug. 1980 369 53 14.4 706 107 14.9 Anions & oosenbrug 1980 
oct. 1980 1618 185 11.4 Lukiwski 1980 
Nov. 1980 1016 115 11.3 1369 184 13.4 Anions, oosenbrug, Lukiwski 1980 
Mar. 1981 1758 149 8.5 3806 380 10.0 Anions, Freemont, Lukiwski 1981 
May 1981 557 87 15.6 602 104 17.2 Anions & Freemont 1981, Lukiwski, 1981 
June 1981 296 20 6.7 Freemont 1981 
Sept. 1981 237 26 10.9 Anions 1981 
Oct. 1981 1133 99 8.7 Freemont 1981 
Dec. 1981 578 80 13.8 Anions & Freemont 1981 
Mar. 1982 557 50 8.6 Freemont 1982 
June 1982 3014 297 9.9 Buker 1982 
OCt. 1982 755 52 6.9 Freemont 1982 

--
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Figure 5. Percentage of calves in the bison population of 
Wood Buffalo National Park arranged by month from 
1950 to 1982. Circled numbers refer to the year 
of the census. 
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variable sample sizes and techniques over the years. There 

is no consistent indication of significant differences in 

calf production between the north and south sides of the 

Peace River based on these limited data. The only trend is 

that the percentage of calves declines between calving 

seasons as was indicated by Fuller (1962). The percentage 

of calves in the population during the early 1950's was 

usually higher than most since then, and hence Fuller's 

(1962) estimate of a 20 - 25% annual calf crop is higher 

than has usually been observed. It is difficult to compare 

pregnancy rates with calf percentages because the age and 

sex composition of the bison population are not known. 

Calf-cow ratios would provide more refined estimates of 

production but this was not previously done. 

2.3.3 The origin and population trends of hybrid bison 

in the Slave River Lowlands, Northwest 

Territories 

The Slave River Lowlands (Fig. 2) are also part of the 

historic habitat of the wood bison (Hearne 1795). However, 

by 1900 the only remaining wood bison were within the area 

now delineated as WBNP. Recolonization of the lowlands by 

hybrid bison from the park began in the 1930's. Soper 

(1941) reported 40 bison near Grand Detour and 40 near Stony 

Islands, all on the east side of the Slave River, in 1933-

34. He indicated that small groups of bison periodically 
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left the park and crossed the river to winter there, 

returning to the park in the spring. Fuller (1950) estimated 

that by 1949 there were approximately 350 bison living year

round east of the Slave River in the vicinity of the Talston 

River, and another 200 wintering immediately east of the 

Slave River. Novakowski (1957) conducted a transect survey 

of the Slave River Lowlands in 1956 and counted 664 bison. 

Based on 1:3.96 coverage, he estimated that there were 2,643 

bison outside the park in the lowlands east and west of the 

Slave River. Novakowski (1959) resurveyed the lowlands in 

1959 and only counted 316 bison for an estimated total of 

1300 animals in the area. He concluded that bison had moved 

back into the park from the lowlands. Several transect 

surveys have been done since 1959, and Rippin (1971) changed 

to total coverage counts in 1971. Since then total counts 

have been made yearly or biennially. 

Bison population estimates in the Slave River Lowlands 

for each side of the river and in total are shown in Table 6 

and Fig. 6. The bison population on the east side of the 

Slave River (mainly in the Hook Lake area) increased to a 

peak of approximately 2,000 animals in the early 1970's and 

then rapidly declined to about 400 animals at the present 

time. The population on the west side of the river remained 

relatively small, ranging between 100 and 400 animals. 

Calef (1976) hypothesized that the population on the east 

side of the river was autonomous, whereas the population on 
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Table 6: Bison population estimates for the Slave River Lowlands noting differences 
in numbers on the east and west sides, of the river. 

Number of Bison 

Year Census Method East Side West Side Total Reference 

1934 Ground survey 80 Soper 1941 

1949 Transect survey 550 Fuller 1950 

1956 Transect survey 2643 Novakowski 1957 

1959 Transect survey 1300 Novakowski 1959 

1966 Transect survey 1430 302 1732 Williams in Rippin 1971 

1968 Transect survey 1232 249 1481 Hall in Rippin 1971 

1971 Total count 1701 336 2037 Rippin 1971 

1974 Total count 1516 388 1904 Baker 1974 

1975 Total count 1013 232 1245 Calef 1976 

1976 Total count 736 167 903 Calef 1976 

1977 Total count 605 149 754 Van Camp 1978a 

1978 Total count 558 196 752 Van Camp 1978b 

1979 Total count 444 107 551 Jalkotzy 1979 

1980 Total count 361 231 592 Hawley et al 1980 

1982 Total count 314 232 546 Hawley et al 1982 
-- - ~ 



Figure 6. Bison population estimates for the Slave 
Lowlands, Northwest Territories. Solid 
represent total population, hatched 
represent numbers on the west side of the 
and open bars are numbers on the east side 
river. 
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the west side of the river was influenced by movement of 

bison to and from WBNP. 

Van Camp and Calef (in press) noted poor calf 

production and survival rates resulting in very few 

yearlings being recruited into the bison population. The 

average annual percentage of yearlings was only 3.9% between 

1973 and 1979. Several reasons have been proposed for the 

decline of the Slave River Lowlands bison population. The 

bison are subject to unregulated, heavy hunting pressure by 

General Hunting Licence holders (Van Camp in press), and 

sport hunting took place from 1968 to 1977. Having 

originated from the park, these bison also have a high 

incidence of brucellosis and tuberculosis. Novakowski 

(1965) found tubercular lesions in 32 (36.4%) of 88 bison 

and 43 (25%) of 172 bison killed near Grand Detour in 1964 

and 1965, respectively, and there were 15 Brucella reactors 

among 50 bison sera tested in 1964. Simmons (1975) reported 

tubercular lesions in 3 of 31 bison and 12 of 28 bison 

killed near Hook Lake in 1970 and 1974, respectively. He 

also mentioned positive titres to Brucella in seven of 27 

bison and 106 (39.3%) of 270 bison from the two Hook Lake 

round-ups. Van Camp (in press) also considered wolf 

predation to be a major contributing factor in the decline 

of the bison population. 
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2.3.4 The origin and population trend of the wood 

bison population in the Mackenzie Bison 

Sanctuary 

The 6,673 plains bison introduced to 

and 1928 readily interbred with the 

population of the park resulting in a 

WBNP between 1925 

small wood bison 

hybrid population. 

However, a herd of 200 bison were discovered in the Nyarling 

River area of the park in 1957 and these were subsequently 

shown to be a vestigial group of wood bison (Banfield and 

Novakowski 1960). In February, 1963, 77 of the animals were 

driven into a corral near Needle Lake; 14 developed severe 

capture myopathy, 61 were tested for brucellosis and 

tuberculosis, and two were not tested (Novakowski 1963a). 

There were 13 positive and 11 suspicious reactors to 

Brucella among those tested and some young bison were 

vaccinated with strain 19 without being tested. The 

positive reactors were released. One four-year-old bull 

that reacted on the caudal fold tuberculin test was 

slaughtered, and on necropsy was found to have advanced 

tubercular lesions. Novakowski (1963a) indicated that the 

presence of brucellosis and tuberculosis "doesn't obviate 

the purity of the subspecies, but tends instead to indicate 

that isolation was not complete". 

Nineteen wood bison that were negative on brucellosis 

and tuberculosis tests were successfully moved to a second 

corral on Fox Holes Prairie near Fort Smith on March 2, 
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1963. Another four calves were given to Mr. Al Oeming of 

the Alberta Game Farm. The bison were retested in July, 

1963, and all were negative for brucellosis and tuberculosis 

(Novakowski 1963b). Eighteen of the bison were successfully 

loaded onto a barge at Bell Rock on August 11. The barge 

arrived in Fort Providence on August 14 and the bison were 

taken by cattle liner to the Mackenzie Bison Sanctuary (Fig. 

2) where they were released. Wood bison were again 

transplanted from WBNP in 1965, establishing the Elk Island 

National Park herd (Dixon and Henderson 1977). 

Total bison counts have been made during aerial surveys 

of the Mackenzie Bison Sanctuary (Table 7). Graphic 

analysis of these data clearly indicates the exponential 

growth of the wood bison population (Fig. 7). The herd has 

expanded geographically as well as numerically. Bison range 

beyond the Highway 3 boundary of the sanctuary into the area 

of Birch Lake, Fawn Lake, Mink Lake and the eastern edge of 

the Horn River Plateau (N.W.T. Department of Renewable 

Resources 1983). Some of the Sanctuary bison have 

established calving grounds in the Mink Lake area (T. Chowns 

and c. Gates, pers. comm.) and there have been rare 

sightings of bison along the Horn River down to Mills Lake 

(C. Sapp pers. carom.). Two bison were seen on Big Island in 

Great Slave Lake in 1982 (Graf 1985) and two lone bulls were 

repeatedly seen in 1984 near Jean Marie River which is more 

than 150 km west of the Mackenzie Bison Sanctuary (C. Gates 
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Table 7: Wood bison total counts in the Mackenzie Bison 
Sanctuary, N.W.T. 

Date Total No. of Bison Reference 

Aug. 14, 1963 18 Novakowski 1963b 

Jan. 15, 1969 56 Kuyt 1969 

Mar. 6 1 1972 111 Rippin 1972 

Feb. 23, 1973 122 Hall 1973 

Apr. 3, 1974 152 Jacobsen 1974 

Mar. 12, 1975 237 Calef 1975 

Aug. 2, 1975 299. Calef 1976 

July 12, 1976 259 Van Camp 1978C 

Mar. 22, 1977 356 Van Camp 1978C 

June 11, 1977 379 Van Camp 1978C 

Mar. 18, 1978 410 Van Camp 1978C 

Mar. 31, 1979 I 580 Stephenson 1980 
I 

June 11, 1979 I 645 Stephenson 1980 
I 

Feb. 27, 1981 668 Chowns 1983 

June 3, 1981 778 Chowns 1983 

July 29, 1981 883 Chowns 1983 

Mar. 1, 1982 712 Chowns 1983 

June 15, 1982 1002 Chowns 1982 
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Figure 7. Population of wood bison in the Mackenzie Bison 
Sanctuary, N.W.T., from 1963 to 1982. 
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pers. comm.). 

2.3.5 Disease considerations in the management of bison 

in and around Wood Buffalo National Park 

Prior to the shipment of plains bison to WBNP, bison 

management in the region was aimed at protecting the remnant 

wood bison population in accordance with legislation passed 

in 1890 (Mitchell 1976). This duty was initially undertaken 

by the Royal Northwest Mounted Police until 1911, when 

special game guardians ("Buffalo Rangers") were appointed to 

the task. When the park was created in 1922, it came under 

the administration of the Northwest Territories Branch of 

the Canada Department of the Interior and park wardens 

assumed responsibility for the wood bison. There is no 

historical record of tuberculosis or other diseases in the 

wood bison (Soper 1941, Roe 1970), and Stevens (1954) said 

the park staff had not observed any diseases in the bison 

prior to the arrival of the plains bison. 

The chief task of the Northwest Territories Branch of 

the Department of the Interior was to promote and regulate 

economic development in the north (WBNP Management Plan 

1984). 

trapping 

Bison slaughters, 

and other types 

logging, commercial fishing, 

of resource utilization were 

promoted in the park. One rationale for moving plains bison 

to WBNP was that the animals would be a future source of 

food supply for native people in the region (Graham 1924). 
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Bison field slaughters started in 1929 to provide meat 

for the Roman Catholic Missions in the park region. Lesions 

of tuberculosis in bison were first mentioned in the Fort 

Chipewyan Mission Diaries in 1937 and in the Fort Smith 

Mission Diaries in 1948 (Brother Serrault in Mitchell 1976). 

Fuller (1962) first saw the disease in bison in 1947. The 

number of bison killed and the scale of the field slaughter 

operations increased over the years. Meat inspection was 

done for the first time in November, 1950 at Salt Plains by 

Dr. F. E. Graesser (Fuller 1951) and a portable abattoir was 

first used in January, 1952, at Prairie River (Fuller 1952). 

From 1951 onward, the management and manpower for the annual 

bison slaughters were provided by the park, with scientific 

and managemental input from the Canadian Wildlife Service, 

and meat inspection service from the Canada Department of 

Agriculture. The objective was to provide jobs and an 

inexpensive meat supply for native people in the region 

through an economically viable bison meat sales operation 

for southern Canadian markets. 

Corrals and wing fences were built at Hay Camp in 1952 

to improve the efficiency of the field slaughters and to 

reduce meat wastage (Fuller 1952). The portable abattoir 

was not adequate at Hay Camp, so a new abattoir and corral 

complex were built at Sweetgrass Station in 1956-57 (Olson 

1958). Flood damage in 1958, 1960 and 1962 severely limited 

the usefulness of the Sweetgrass facility and so a permanent 
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abattoir was built at Hay Camp in 1961-62. These two 

abattoirs cost approximately one million dollars to build 

(Anon. 1962) and each was used only four times. The 

occurrence of anthrax in park bison, starting in 1964, 

disrupted the slaughter operations, as attention turned to 

mass vaccination campaigns for bison. The last commercial 

bison slaughter in the park took place at Hay Camp in 1967. 

In 1971 and 1974, field slaughters were permitted to provide 

meat for local native communities. The National Parks 

Branch of the Department of Northern Affairs and National 

Resources took over the administration of WBNP starting in 

1964 (WBNP Management Plan 1984). The bison slaughters, 

which had never been profitable, were stopped as part of the 

new administration's objective of having the park conform 

with overall national park policy. 

The number of bison that were killed in WBNP for meat 

production and the prevalence of brucellosis and 

tuberculosis in these animals are shown in Table 8. 

Although tuberculosis had been recognized since the 1930's, 

brucellosis was first discovered in 1956 when three of 11 

sera from slaughtered bison were positive on agglutination 

tests (Fuller 1956). Concern over these diseases generated 

a variety of proposals for disease control in the bison 

population and influenced the selection of animals killed· 

during the annual slaughters. Conversely, the round-up 

techniques biased the sample of animals that were examined 
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Table 8: Summary of the number of bison slaughtered for meat in Wood Buffalo Rational Park, and the prevalence of tuberculosis 
and brucellosis in these ant.als. 

Tuberculosis Brucellosis 

Fiscal Year Location No. Killed No. Examined \ TB (L or R*) No. Tested \ Positive Reference 

1950-51 Salt Plains 119 119 32.8 (L) 0 Fuller 1951 
and E9g River 

1951-52 Prairie River 218 218 19.7 (L) 0 Fuller 1952a 

1952-53 Hay Camp 245 245 45.7 (L) 0 Fuller 1952b 

1953-54 Hay Camp 276 276 46.0 (L) 0 Fuller 1954 

1954-55 Hay Camp & 907 787 38.8 (L) 0 Essex 1955 
5th Meridian 21 21 40.0 (L) 0 

1955-56 Hay Camp 205 205 27.4 (L) 11 27.3 Fuller 1956 

1957-58 sweetgrass 451 1065 14.5 (R) 200 35.0 Olson 1958, Novakowski 1958 

1958-59 Sweetgrass 306 469 19.1 (R) 640 45.0 Novakowski 1958, Olson 1959 

1959-60 Sweetgrass 457 1116 13.5 (R) 155 38.1 Choquette and Stewart 1959 

1960-61 Lake Claire 126 126 46.8 (L) 75 53.3 Choquette 1961 

1961-62 Sweetgrass 390 1878 12.1 (R) 0 Novakowski & Choquette 1961 

1962-63 Sweetgrass 67 67 41.7 (L) 0 Olson 1962 

1963-64 Hay Camp 159 155 40.0 (L) 0 Novakowski & Choquette 1963 

1964-65 Hay Camp 152 152 18.4 (L) 143 13.3 Novakowski & Choquette 1964 

1966-67 Hay Camp 162 162 30.9 (L) 161 15.5 Choquette & Broughton 1967 

Hay camp** 337 337 38.9 (L) 337 22.2 Choquette & Broughton 1967 

1970-71 Sweetgrass 197 197 25.4 (L) 164 39.6 Park files 

1973-74 Sweetgrass 114 114 21.1 (L) 113 61.9 Park files 
------------- ---------- ------ ------ --- - - --------~-----

* L = lesions, i.e. where percentage was based on lesions at necropsy 
R = reactor, i.e. where percentage was based on intradermal skin tests 

** Bison trucked to Hay camp from sweetgrass for slaughter 
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and therefore prejudiced the disease statistics. In the 

large inspected slaughters, the sample was markedly skewed 

in favor of females but in the smaller field slaughters, 

older bulls were deliberately chosen to be killed. 

Fuller (1952) recommended reducing the incidence of 

tuberculosis by selectively killing tuberculin test reactors 

at the meat harvests. This was adopted as part of the 1954 

Management Plan for the park bison (Stevens 1954). Essex 

(1955) favored selective culling -of all old bulls and 

tuberculin reactors, but also suggested eliminating the 

entire Hay Camp bison population through over-killing. When 

brucellosis was discovered in 1956, a similar test and 

slaughter program was applied in hopes of lowering the 

incidence of that disease in the bison population as well 

(Novakowski 1959). Caudal fold tuberculin tests were first 

attempted in 1956 using a chute and squeeze at Hay Camp 

(Fuller 1956). The selective slaughter of tuberculin 

reactors was pursued at each of the four large-scale meat 

harvests at Sweetgrass between 1957 and 1961. Reactors on 

the Brucella agglutination test were also culled in the 

first three of those slaughters. Strain 19 vaccine was used 

on 187, 431, 134, and 43 bison calves in the 1958, 1959 and 

1961 Sweetgrass round-ups and the 1963 Hay Camp round-up, 

respectively (Novakowski 1959, Olson 1961; Novakowski and 

Choquette 1961, 1963). 

The selection of reactor animals, based on tuberculin 
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and Brucella testing, stopped after 1961. It was felt that 

the rate of infection was so high that it could not be 

reduced without draining the population of reproduction-aged 

animals (Novakowski and Choquette 1961, Olson 1961). Since 

reactors alone could not fill the demand for bison meat, 

numerous healthy bison were also killed to make up the 

difference, and this seemed contrary to the objectives and 

effort of a test and slaughter program (Novakowski 1958, 

1959; Choquette and Stewart 1959). Novakowski (1962) noted 

that the brucellosis and tuberculosis testing program was 

only a token measure of disease control which could never 

have had any concrete results. Only three more abattoir 

slaughters (in 1963, 1964 and 1967) and three field 

slaughters (in 1962, 1971 and 1974) took place after the 

1961 change in procedures. Anthrax control superceded all 

other bison management considerations starting in 1965. 

The last large scale disease control program was 

proposed by Novakowski and Choquette (1967). They noted 

that past management schemes had been unsuccessful and there 

was no possibility of improvement in the poor reproductive 

rate. Consequently they suggested the construction of five 

large corrals to hold as many of the park bison as possible. 

Through a regular test and slaughter program they hoped to 

establish clean herds under fence which could later be 

released once the last free-roaming animals had been 

destroyed in the park. The plan was rejected because of the 
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cost (McKim 1969), because it would be aesthetically and 

generally unpopular, and because of logistical concerns that 

the plan would fail (Mitchell 1976). Novakowski (1972) 

later suggested that during anthrax vaccination round-ups 

all female bison should be injected with diethylstilbestrol 

to induce abortions, thereby causing the bison population to 

decline to a more manageable level for any future disease 

eradication campaign. 

Anthrax first occurred in the bison at Hook Lake in the 

Slave River Lowlands in 1962. It recurred there and at 

Grand Detour the following year, and in 1964 it was first 

seen in WBNP bison (Choquette et al 1972). An Anthrax 

Committee was formed to suggest ways of controlling the 

disease in the region. In 1962, attempts were made to chase 

bison off the infected range near Hook Lake by the use of 

aircraft, but the animals soon returned to the area 

(Cousineau and McClenaghan 1965). In 1963-64, the Committee 

decided to try to drive bison from the Slave River Lowlands 

into WBNP and then construct a fence to keep them in the 

park. This also failed as most bison east of the Slave 

River refused to swim, or walk on the ice, across to the 

west bank and on into the park; the last attempts that 

winter managed only to get approximately 600 of the 1200-

1500 bison on both shores into the park, and many animals 

died in the process (Flanagan 1964). In November-1964 and 

March 1965, 522 bison in the Grand Detour area were shot 
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from helicopters in an attempt to depopulate the area and 

stop further spread of anthrax from Hook Lake to WBNP 

(Novakowski 1965). Of these bison, 242 (mainly older bulls) 

were abandoned without inspection, 280 were necropsied, and 

of the latter group, 205 were salvaged for meat. Seventy

five (26.8%) of the 280 bison examined had tubercular 

lesions and 54 were condemned because of extensive disease. 

The pregnancy rate in 181 cows (two-years-old and over) was 

only 21.6%. After the March slaughter, stragglers in the 

kill zone were shot whenever encountered (Orange 1965). 

However, within 

the west bank of 

(orange 1965). 

a few weeks 500 - 600 bison had crossed to 

the Slave River from the Hook Lake area 

No further effort was made to maintain a 

buffer zone between bison at Hook Lake and WBNP. Attempts 

were made to drive bison out of the Lake One area of WBNP 

when anthrax occurred there in 1967, but the animals soon 

returned. Since herding had never succeeded, 41 bison were 

shot near Hook Lake in 1971 to prevent further spread of 

anthrax when it recurred there. The control of anthrax by 

altering the distribution of bison was a good concept that 

proved impossible to actually carry out. 

The number of bison deaths that were attributed to 

anthrax at various locations from 1962 to the present time 

is shown in Table 9. Attempts were made to confirm the 

cause of death by bacteriology in many cases. However, 

because of putrefaction, it was not always possible to 
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Table 9: Bison deaths attributed to anthrax at Hook Lake, Grand 
Detour and in Wood Buffalo National Park from 1962 to 
the present time. Compiled from park files and records 
; n +-lu~ 'N W 'P .-----wi:1 it1; -F,a ~,p.rv; r,:. T.i hT::aTV_ 

Bison Deaths Attributed to Anthrax I 
I 

Year Hook Lake Grand Detour Wood Buffalo National Park 

1962 281 

1963 12 269 J 

1964 44 202 53 (46 at Hay Camp + 7 at 
Lake One) 

1967 120 (Lake One, French Lake, 
Lake Claire) 

1968 1 (Lake One) 

1971 31 

1978 12 27 48 (6 at Little Buffalo 
River + 13 at Salt 
Plains + 4 near Upland 
Lake + 19 at Raup Lake 
+ 2 at Hay Camp + 3 at 
Lake One + 1 at 
Sweetgrass) 

- --~- ----~~---------- ----

Totals 380 498 222 

Total Bison Deaths Attributed to Anthrax in the Region = 1,100 



isolate the pathogen and inferences were based on necropsy 

findings or epizootiological considerations. The number of 

deaths is likely a conservative figure since some carcasses 

were probably not found. Dead bison were disposed of by 

liming and burial initially, but scavengers would 

occasionally dig them up. Burning and burial became the 

method of choice thereafter (Choquette et al 1972). 

The largest effort to control anthrax was focused on 

bison vaccination programs in WBNP and the Slave River 

Lowlands. Corrals were built at Hook Lake and Lake One, and 

the existing corrals at Hay Camp and Sweetgrass were 

maintained for this purpose. The results of vaccination 

efforts starting in 1965 and ending in 1977 are summarized 

in Table 10.. To contain an anthrax epizootic, 70 - 80% of 

the bison population would have to be vaccinated 

(McClenaghan 1964, Sturko 1976). Anthrax vaccine trials 

were conducted at Hay Camp in 1964 and 1965. The results of 

these studies and recommendations from vaccine manufacturers 

indicated that modified-live spore vaccines only provided 

significant immunity for six to ten months (Choquette and 

Broughton 1967, Lyster and Stelfox 1977) and therefore 

annual vaccinations had to be done. The program only 

vaccinated one-third of the bison population in its most 

successful year. The 1972 park bison management plan 

proposed to intensify the vaccination effort by building 

more corrals throughout the park (Nicol 1972). The 
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Table 10: Numbers of bison handled, vaccinated and accidentally killed during 
the anthrax vaccinations programs in Wood Buffalo National Park (WBNP) 
and the Slave River Lowlands (SRL). Data from Mitchell 1976, Millette
and Sturko 1977, and N.W.T. Wildlife Service records. 

Date Location Total No. Bison No. Bison Handling 
Handled Vaccinated Mortality (%) 

1965 Hook Lake (SRL) 700 

Mar. 1965 Sweetgrass (WBNP) 1623 1547 18 ( 1.1) l 

I 
f>lar. 1965 Hay Camp (WBNP) 249 

May 1965 Lake One (WBNP) 2123 1507 111 { 5. 2) 

Sept. 1965 Hay Camp 179 

Oct. 1965 Hay Camp 109 

Feb. 1966 Sweetgrass 1455 1414 41 ( 2. 8) 

June 1966 Hook Lake 577 

June 1966 Lake One 3587 2173 

June. 1968 Sweetgrass 210 

July 1968 Sweetgrass 744 

1969 Sweetgrass 3021 

Feb. 1970 Sweetgrass 595 

June 1970 Sweetgrass 3922 2857 44 ( 1.1) 

June 1971 Sweetgrass 947 779 18 (1.9) 

June 1972 Hook Lake 1154 870 15 ( 1. 3) 

June 1972 Sweetgrass 5343 3612 326 { 6.1) 

June 1973 Hook Lake 731 

Feb. 1973 Sweetgrass 1084 1056 ..., 
( 0. 6) I 

June 1973 Sweetgrass 3463 2887 16 ( 0. 5) 

June 1974 Hook Lake 310 

June 1975 Sweetgrass 383 337 3 ( 0. 8) 

June 1976 Sweetgrass 1110 933 17 ( 1. 5) 

June 1977 Sweetgrass 648 546 8 ( 1. 2) 



Sweetgrass corral complex 

improved in 1975-76 (Sturko 

was rebuilt 

1976, Lyster 

in 1972-73 and 

1976), and bison 

studies were done to determine the most strategic location 

for more corrals (Tempany and Cooper 1975). The extra 

corrals were never built. 

Mitchell (1976) felt that the anthrax control measures 

between 1962 and 1964 were largely "unnecessary and stemmed 

from an element of panic". The vaccination program received 

criticism soon after ·its inception. Choquette (1965) 

suggested the program be reviewed after the summer of 1966 

and that perhaps vaccinations need only be done if the 

disease recurred. A 1970 report commented on the high cost 

of -the annual program and recommended that vaccination be 

dropped in favor of burning and burying carcasses, if and 

when found (Anon. 1970). Millette and Sturko (1977) made a 

strong proposal to review and revise the anthrax program. 

They recommended cancelling the vaccination program and the 

building of new corrals, while retaining aerial surveillance 

and disposal of carcasses. The bison losses that had 

occurred from attempts to drive the animals or from 

trampling and other injuries in the corrals (Table 10) had 

become a source of public concern and had received attention 

in the House of Commons and the news media (eg. The Ottawa 

Citizen, June 20, 1972, page 21). The Advisory Bison 

Committee was created in 1975 and was made up of staff from 

Parks Canada and the Canadian Wildlife Service. It 
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cancelled the vaccination program in 1978. Anthrax 

surveillance and the disposal of suspect carcasses is still 

carried out. 

The transition in management to the National Parks 

Branch in the 1960's also led to a change in attitude toward 

the bison, their diseases and the management of both in 

WBNP. A 1970 report called for no further bison slaughters, 

no attempt to control brucellosis and tuberculosis, and no 

further anthrax vaccinations (Anon. 1970). In 1971 the park 

superintendent noted that, "The bison. are hybrid and not 

true wood bison. Consequently the original reason for 

establishing the park is destroyed". He countered this by 

recommending that, "we accept the population in spite of 

ancestry and direct our efforts to proper management in a 

free-roaming state" (Smith 1971). The 1972 Bison Management 

Program favored anthrax vaccination but down-played the 

importance of brucellosis and tuberculosis, noting that the 

Health of Animals Branch, Canada Department of Agriculture, 

was prepared to take a lenient attitude towards these two 

named diseases (Nicol 1972). This program established the 

long-term objective (slightly modified in 1975): "to 

maintain in a free-roaming state, as large a disease 

controlled herd as possible, within ecological limits of 

park resources". The last commercial meat slaughter took 

place in 1967 and, although there were field slaughters in 

1971 and 1974, all subsequent requests for bison meat from 
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native people 

The 1984 WBNP 

in Fort Chipewyan were denied (Gibbs 1981). 

Management Plan states that the prime 

objective for bison management will be, "to allow the park 

bison to be regulated by natural means without the influence 

of man". The only provision for disease control is a plan 

to negotiate a buffer zone around the park to prevent 

contact between diseased bison and livestock. 

Since the last anthrax vaccination round-up in 1974, 

commercial bison hunting has been stopped but subsistence 

hunting has continued in the Slave River Lowlands. No 

further action has been attempted to especially manage the 

bison population or the named diseases in that area. 

There was no indication of anthrax in the Mackenzie 

Bison Sanctuary. The wood bison population has been self

regulating since its origin in 1963. Although the original 

wood bison selected for transplant from WBNP to the 

Sanctuary and to Elk Island National Park were test-negative 

for brucellosis and tuberculosis, some of the latter bison 

were subsequently found to have these diseases. Hence the 

health status of the Sanctuary population is uncertain. Ten 

adult wood bison were shot and necropsied in the Sanctuary 

in 1982, and none of these had any gross or serologic 

evidence of brucellosis or tuberculosis (E. Broughton pers. 

comm.). A Draft Mackenzie Wood Bison Management Plan was 

produced in 1983 by the Department of Renewable Resources, 

Government of the Northwest Territories. Its management 
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goals provided for the continued protection of the wood 

bison population and for the use of surplus animals for 

transplantation and for consumptive use by residents of the 

Northwest Territories. 
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3. 0 THE NUMBER AND DISTRIBUTION OF BISON IN THE STUDY AREA 

3.1 Abstract 

Total counts of bison in WBNP found 4,661 bison in 

March 1984, and 4,582 bison in March 1985. Bison census 

data from 1975 to 1985 indicated that the population is 

slowly declining. Sixty-five and 75% of the park bison 

population was south of the Peace River in 1984 and 1985, 

respectively. Highest bison concentrations were in the 

Point Providence area north of the Peace River, and on the 

north and east sides of Lake Claire south of the river. 

Aerial and ground surveys indicated that bison crossed the 

Peace River, and crossed park boundaries on at least three 

corridors. Several locations in the park which used to 

support large numbers of bison at certain times of the year 

in the past are now only sporadically utilized by small 

numbers of bison. 

A total count of bison on the east side of the Slave 

River Lowlands found 370 bison in July, 1984. Anthrax 

surveillance flights over both sides of these lowlands 

yielded highly variable bison counts. Reasons for the 

variability are discussed. 
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3.2 Introduction 

To conduct this study, it was 

number and distribution of bison 

during the study period. This was 

essential to know the 

within the study area 

particularly relevant 

because Parks Canada and N.W.T. Wildlife Service records 

indicated recent marked changes in these parameters for the 

WBNP, Slave River Lowland and Mackenzie Bison Sanctuary 

bison populations. Since necropsy material was limited to 

opportunistic sampling, the immediate need for aerial 

surveys was to find dead or injured bison, and to focus 

ground studies on areas most heavily utilized by bison. The 

broader implication of the population census, in conjunction 

with the pathology results, was to determine the current 

geographical distribution of brucellosis and tuberculosis in 

the region. 

The warden service of WBNP conducts fall and spring 

bison calf counts, a late winter total bison count, and 

periodic law enforcement flights, anthrax surveillance 

flights and forest fire patrols within the park. N.W.T. 

Wildlife Officers carry out anthrax surveillance flights and 

law enforcement patrols in the Slave River Lowlands. Data 

for the epidemiological study were collected in conjunction 

with these flights. 
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3.3 Materials and methods 

3.3.1 Total bison count and distribution of bison in 

Wood Buffalo National Park 

Total bison counts were done· March 9-14, 1984, and 

March 18-25, 1985, using an aerial survey format proposed by 

Tempany and Cooper (1975b). The time of year was selected 

because there was no leaf-cover, bison could be seen clearly 

against the snow, bison tracks and cratering could be 

readily seen, and there was adequate daylight and stable air 

conditions to complete the survey within a short time frame. 

The surveys were partly stratified to give total visual 

coverage of primary and secondary bison range and cursory 

coverage of the balance of the park. Primary range is 

defined as areas where most of the bison in the park are 

regularly seen, and secondary range is areas where bison are 

sporadically seen, usually in small numbers. These criteria 

were based on numerous extensive surveys in previous years. 

Fig. 8 shows the primary and secondary bison ranges in WBNP 

(after Peterson 1983). 

Transect lines were drawn on 1:250,000 scale 

topographical maps of the park. The pilot only deviated 

from the flight plan when circling large herds or to locate 

bison by following tracks. The same flight plan was used in 

1984 and 1985 (Fig. 9). Each day's flight covered a 

relatively discrete part of the bison range, and adjacent 
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Figure 8. Primary and secondary bison range in Wood Buffalo 
National Park, after Peterson (1983). 
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Figure 9. Basic flight plan used for the March 1984 and 
1985 total bison counts in Wood Buffalo National 
Park. 
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range was surveyed on consecutive days so that bison 

movement during the survey period would not result in 

animals being counted more than once. 

Aircraft used for the surveys were a Cessna 206 and a 

Cessna 185. Primary and secondary bison range was surveyed 

from an altitude of 300 m above ground level at speeds 

varying from 120 to 210 k/h depending on the type of habitat 

and numbers of bison encountered. The survey team consisted 

of a pilot and four experienced observers. One of these 

observers assisted with navigation, one recorded data, and 

one photographed bison herds that were too large for a 

reliable visual count alone. The bison counts were recorded 

in data tables and were marked directly on the topographical 

maps. Photography was done with a 35 mm camera and an 80-

200 mm zoom lens. Bison density distribution maps were made 

by plotting survey data on maps of the park divided into 

0°15' longitude by 0°10' latitude rectangles. 

3.3.2 Bison counts and distribution in the Slave River 

Lowlands 

Anthrax surveillance flights were done on July 8, July 

21, and August 3, 1983 covering both sides of the Slave 

River Lowlands. A total bison count was done on the east 

side of the Slave River on July 18, 1984. The anthrax 

surveys were conducted by a pilot and three observers in a 

Cessna 185 airplane following the general flight plan shown 
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in Fig. 10. This provided 

grasslands and prairie habitat 

conifer and mixed forest habitat. 

complete coverage of mixed 

and marginal coverage of 

In the total count on the 

east side of the river, a helicopter was used to gently move 

and direct bison herds past three ground observers who 

determined the age composition and number of animals in each 

group. Lone bison were counted from the helicopter while 

the herds were being located. All except the August 3, 

1983, flight were done in clear, sunny weather. On August 

3, skies were heavily overcast with a low cloud ceiling. 

3.4 Results 

3.4.1 Number and distribution of bison in Wood Buffalo 

National Park 

The 1984 and 1985 total bison counts required 28 hours 

and 27 hours of flying time, respectively. There were 4,661 

and 4,582 bison counted in the two consecutive years. These 

total counts are categorized by location in Table 11. Bison 

population density/distribution plots for 1984 and 1985 are 

shown in Figs. 11 and 12. 

3.4.2 The number and distribution of bison in the 

Slave River Lowlands 

Flight time for the three anthrax surveillance flights 

were 3.3 hours, 3.0 hours and 2.3 hours. The number of 
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Figure 10. Basic flight plan for anthrax surveillance 
flights in the Slave River Lowlands. Black 
circles with numbers indicate the number and 
location of bison seen on July 21, 1983. Open 
circles indicate additional locations where 
bison were seen on July 8 and August 3, 1983. 
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Table 11: The number of bison counted during March 1984 and 
March 1985 aerial surveys in Wood Buffalo 
National Park. 

1984 1985 

AREA I (north of the Peace River) 

Primary bison range 1431 863 
Secondary bison range 194 283 
Total 1625 1146 

AREA II (south of the Peace River) 

Primary bison range 2946 3366 
Secondary bison range 90 70 
Total 3036 3436 

Total Park Bison Count 4661 4582 
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Figure 11. Density distribution plot of bison in Wood 
Buffalo National Park based on aerial surveys in 
March 1984. 
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Figure 12. Density distribution plot of bison in Wood 
Buffalo National Park based on aerial surveys in 
March 1985. 
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bison seen on these surveys were 344 on July 8, 439 on July 

21, and 107 on August 3, 1983. Comparing the number of 

bison on the west versus the east side of the Slave River, 

there were 127 versus 217 on July 8, 191 versus 248 on July 

21, and 1 versus 106 on August 3. The locations and numbers 

of bison seen during the highest count (July 21) are shown 

in Fig. 10, and additional bison locations from the other 

two flights are also shown. The total bison count east of 

the river on July 18, 1984, took 9 hours to complete because 

of the logistics of transporting ground personnel and 

driving bison herds with a helicopter. The July 18 count 

found 370 bison: 7 lone bulls and 363 animals in 10 herds 

that ranged in size from 8 to 82 bison. 

3.5 Discussion 

3.5.1 The number and distribution of bison in Wood 

Buffalo National Park 

The total numbers of bison counted in 1984 and 1985 

were similar. Because of the expense, replicate surveys 

could not be done to calculate confidence limits for each 

annual survey. However, Stelfox and Kingsley (1976) 

evaluated the statistical reliability of total counts in the 

park using four survey replicates for each year from 1972 .to 

1975. The coefficient of variation (CV) ranged between 4.2% 

and 7.18% for primary range in any single year. Applying 
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their highest cv value to the 1984 and 1985 total counts 

gives 95% confidence intervals of 4326-4996 bison in 1984, 

and 4253-4911 bison in 1985. The overlap in these estimates 

again suggests little difference in the total number of 

bison between the two years. 

The significant decrease in bison numbers between 1972 

and 1975 were attributed largely to mass drownings in the 

1974 flooding of the Peace-Athabasca Delta (Stelfox and 

Kingsley 1976). Linear regression analysis of total bison 

counts from 1975 to 1985 (excluding the 1980 and 1982 

counts) generated the following line: 

Y = -104.08x + 211331.15 

Y = number of bison 

x = the year 

The correlation coefficient for this line (r = -0.80) 

indicates a strong linear relationship between number of 

bison versus time, and the negative slope of the line 

indicates that the park bison population has declined slowly 

during the 10 year period. The 1980 and 1982 data were 

excluded from the calculation because the former did not 

adequately survey the secondary range (Anions and Freemont 

1981c), and the latter did not survey the secondary range

(Freemont and Bell 1982). 

Evaluation of bison distribution indicates that 65% and 

75% of the park bison population was south of the Peace 

River in 1984 and 1985, respectively. Comparison of the two 
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counts suggests that the lower number of bison in Area I and 

higher number in Area II in 1985 might be due to bison 

crossing the Peace River. I saw 62 bison walk south across 

the frozen river near Rocky Point on November 28, 1984. I 

also saw the carcass of two drowned bison on the north shore 

of the Peace River near Carlson's Landing in September, 

1984, and saw bison tracks across both shores and a 

midstream sandbar on May 15, 1984. Earlier warden reports 

speculated that bison frequently crossed the Peace River 

(Tempany and Cooper 1976, Collingwood and Millette 1977). 

The overall distribution of park bison corresponds to 

grassland and meadow habitat along the Slave and Peace River 

lowlands and especially in the Peace-Athabasca Delta. The 

highest densities of bison were in the Point Providence area 

north of the Peace River and the north and east sides of 

Lake Claire south of the river. 

The proportion of the bison population on secondary 

range was small: 6% in 1984 and 8% in 1985. These values 

were lower than those of previous years (Table 12) when 

secondary range accounted for 8-17% of the total bison 

population in the park. The cumulative data indicate that 

secondary range utilization can vary significantly from year 

to year. 

Areas of special interest were those where bison 

crossed the park boundary. Three areas were noted in this 

regard: the Ruis Lake/Taerum Lake area in the southwest 
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Table 12: IIUIIIbers of bison on prblary and secondary range during late winter total counts in 
Wood Buffalo National Park, 1977-1985 (compiled fro. Anions and Preemont 1981c and 
Peterson 1983). 

AREA I 1975 1976 1977 1978 1979 1980 1981 1983 1984 1985 

Primary Range 1428 627 1260 1083 989 704 1279 958 1431 863 

Secondat·y Range 290 227 365 314 543 330 479 507 194 283 

Subtotal 1718 854 1625 1397 1532 1034 1758 1465 1625 1146 I 

I 

AREA II 
! 

Primary Range 3351 4967 3440 3602 3631 3450 3503 3471 2946 3366 i 

I 

Secondary Range 458 240 lOS 374 376 28 303 70 90 70 I 

subtotal 3809 5207 3545 3976 4007 3478· 3806 3526 3036 3436 j 

! 

Primary Range Total 4779 5594 4700 4685 4620 4154 4782 4429 4377 4229 1 

Secondary Range Total 748 467 470 688 919 358 782 577 284 353 I 

I 

Park Total 5527 6061 5170 5373 5539 4512 5564 5006 4661 4582 I 

--- --- -- -------- - - -- '- - - -
! 
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corner of the park; the Little Buff lo River/Salt River area 

in the northwest corner of the park; the Embarras 

River/Galoot Lake area in the southeast corner of the park. 

On February 9, 1984, I necropsied two bison that had 

been shot approximately 5 km south of the Peace River and 

100m west of the park boundary (Fifth Meridian). Tracks of 

these bison were followed and showed that the animals had 

walked out of the park. During an aerial survey on February 

15, 1984, 61 bison were found just inside the boundary. 

During the March 1984 and March 1985 bison counts, 85 and 57 

bison, respectively, were seen in the Ruis Lake/Taerum Lake 

area. On both surveys, bison tracks crossed the park border 

(Fifth Meridian). On December 5, 1984 there were 243 bison 

(36 calves) in this area. The drop in the number of bison 

in the area between December, 1984, and March, 1985, 

coincided with the shooting of a large number of bison just 

west of the park. I saw remains of 33 bison killed between 

the Wabasca River (135 km west of the park) and the Fox Lake 

Indian Reserve (30 km west of the park) during March 17-19, 

1985. Gainer (1985) estimated that 65-120 bison were shot 

west of the park during that spring. This was an 

unprecedented number of bison kills in the area. Other 

sightings of bison outside the park at that time include: 

20-30 bison on tree farm plots north of Fox Lake on January 

21, 1985 (Bell, pers. comm.); 7 bison at the Wentzel River 

crossing on March 13, 1985 (Brewster, pers. comm.); 2 bison 
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in the Fort Vermilion agricultural zone west of the Patmore 

Farm in early March, 1985 (Patmore, pers. comm.). A 

wildlife survey later that spring did not find any bison 

west of the park (McFettridge, pers. comm.) suggesting that 

the animals had all been killed or had moved eastward back 

into the park. 

Novakowski (1957) 

had left the park and 

and Soper (1941) mention that bison 

established a population in the 

Wabasca River/Fort Vermilion area as early as 1926, although 

Novakowski failed to find any animals in that area during a 

1957 aerial survey. Choquette and Broughton (1967) saw a 

small herd of bison at Jean d'Or Prairie (63 km west of the 

park) and another herd between the Wabasca and Mikkwa Rivers 

in August, 1967. Tempany and Cooper (1975) recognized the 

Ruis Lake/Taerum Lake area as secondary bison range when 

they found 96 bison there in 1975. In March, 1981, there 

were 146 bison seen in that area (Anions and Freemont 1981c) 

but only 6 bison were there in March, 1983 (Peterson 1983). 

Gainer (1985) documents some bison sightings as far west as 

the High Level, Alberta, agricultural zone. All of this 

information indicates that variable numbers of bison 

regularly utilize the Ruis Lake/Taerum Lake area of the 

park, and that these bison occasionally move westward out of 

the park along the south Peace River lowlands. Single bison 

or small herds rarely reach the Fort Vermilion area due, in 

part, to intense hunting pressure from Indian communities 
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west of the park. 

Small numbers of bison were seen in the Little Buffalo 

River/Salt River area near the park boundary during the 1984 

and 1985 counts. Small numbers of bison regularly move 

between the park and the west side of the Slave River, as 

evidenced by bison tracks and the number of bison shot along 

Highway 5. In September and October, 1983, I necropsied 5 

bison that were killed by hunters near the highway, just 

outside the park. Between September 8 and November 11, 

1984, I saw the remains of 21 bison in that same area: 19 

were legally taken and two were shot by poachers just inside 

the park boundary. Reports from people in Fort Smith 

indicated that 90-120 bison were shot between the park and 

the Grand Detour prairies in the fall and winter of 1984; I 

saw evidence of 50 bison kills. Two bison were also killed 

by vehicles on the highway that winter. 

The third area where bison cross the park boundary is 

in the southeast corner of the park along the Embarras River 

and Galoot Lake. During the March 1984 and 1985 bison 

surveys, numerous bison were seen between Lake Claire and 

the Embarras River, south of Lake Mamawi. Relatively few 

bison were directly on the boundary. One bison was seen 

south of the 27th Baseline (the south boundary) and west of 

the Athabasca River on February 15, 1984. On December 2, 

1984, four bison were seen outside the park, south of Galoot 

Lake, and two bison were shot there two weeks later. 
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Poachers killed two bison just north of Galoot Lake shortly 

before November 28, 1984, and January 3, 1985. 

were reported near the Firebag River, 40 km 

southeast corner of the park in late January, 

pers.. conun. ) . 

Twenty bison 

south of the 

1984 (Redhead 

Aerial surveys done at other times of the year 

indicated some seasonal changes in bison distribution in the 

park. During the summer months, it was difficult to find 

more than 300 bison north of the Peace River on any one 

flight. Park reports speculate that the bison disperse into 

mixed forest habitat west of the winter range and are 

therefore difficult to see from airplanes at that time of 

year. Radiotelemetry studies would be useful in determining 

the movements of bison in Area I during the summer. South 

of the Peace River, there was relatively little seasonal 

change in the distribution of bison. A large number of 

bison could be dependably located on the northern and 

eastern sides of Lake Claire in the Peace Athabasca Delta at 

all·times of the year. 

Only a small number of bison were ever seen on the 

prairies around Hay Camp, Raup Lake or Lake One throughout 

the 1983-1985 period. This was noteworthy because these 

prairies used to support large numbers of bison for several 

months each year, and were considered 

calving areas (Tempany and Cooper 1976). 

to be important 

The lack of use of 

these traditional ranges may only reflect the reduced size 
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of the bison population or may indicate a change in range 

conditions. Qualitative assessment of the Raup Lake area 

indicate that plant succession, notably the encroachment of 

willows and other shrubs, has reduced the former extent of 

the grasslands, and an extensive underlayer of dead 

vegetation has accumulated on the meadows. Controlled 

burning might well improve the quality of this bison 

habitat. Another possible reason for changes in bison 

distribution may be that the animals are utilizing newer, 

high quality habitat in the park. Peterson (1983) suggested 

that new vegetation in the large burns in the McNeil Lake 

area may attract bison. Coppock and Detling (1986) have 

shown that bison will move from traditional range to utilize 

experimentally burned grasslands. Detailed evaluation of 

range quality and hydrology in the park may provide insight 

into bison distribution patterns and management strategies. 

3.5.2 The number and distribution of bison in the 

Slave River Lowlands 

The total bison count on the east side of the Slave 

River (July 18, 1984) was likely a reasonable minimum 

estimate of the bison population because of the lengthy and 

thorough coverage required to round-up and direct the 

animals past the ground observers. This degree of intensive 

effort is only possible with helicopter support. The 

variability of the anthrax surveillance counts was largely 
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due to the time of year: bison were often in forested areas 

and were obscured by foliage, whereas in winter they would 

be easier to find because they are more often out in the 

open, there is no leaf cover, and snow provides a better 

background for seeing bison or their tracks. The very low 

count on August 3 was also due to poor weather conditions 

causing reduced visibility. Variability in counts on the 

west side of the Slave River may also have been due to bison 

movement across the park boundary. As discussed earlier, 

the Little Buffalo River/Salt River area is one of three 

recognized trans-boundary corridors for park bison. 

Radiotelemetry studies would be worthwhile since these bison 

are of inter-jurisdictional concern and management 

objectives differ depending on which side of the boundary 

the bison are located. 
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4.0 STUDIES ON BRUCELLOSIS AND TUBERCULOSIS IN HYBRID 

BISON IN AND AROUND WOOD BUFFALO NATIONAL PARK 

4.1 Abstract 

The complete or partial remains of 164 bison were found 

in and around WBNP between June, 1983, and August, 1985. Of 

72 carcasses suitable for post-mortem analyses, 18 (25%) had 

evidence of bovine brucellosis and 15 (21%) had bovine 

tuberculosis. Brucella abortus biotypes 1 and 2, including 

a urease-negative strain of biotype 1, were isolated from 11 

bison and antibody titres to B. abortus were found in 7 

others. Mycobacterium bovis was isolated from lesions of 7 

bison and another 8 bison had tubercular lesions but the 

organism was not cultured. Two bison had concurrent ~· 

abortus and M. bovis infections. Prevalence rates for 

brucellosis and tuberculosis extracted from the sample were 

conservative because of data limitations imposed by an 

opportunistic sampling protocol. The 95% confidence 

interval for the prevalence of brucellosis was 15.54-

36.60%, and for tuberculosis was 12.16 32.02%, in the 

hybrid bison population based on the sample. 

Lesions associated with B. abortus infection were 

severe arthritis in three bison and a subcutaneous abscess 

in a fourth bison. Lesions produced by M· bovis in bison 

were similar to those described in cattle, ranging from 
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isolated lymph node granulomata to generalized, 

multisystemic disease. one bison died of tuberculosis and 

three of four wolf-killed bison had extensive tuberculous 

lesions. Other parasitic, infectious, metabolic and 

neoplastic lesions found in the bison are described. 

4.2 Introduction 

Tuperculosis and brucellosis have been recognized in 

bison in WBNP since the 1930's (Mitchell 1976) and 1956 

(Corner and Connell 1958), respectively. The diseases were 

introduced between 1925 and 1928 when 6,673 plains bison 

were transplanted to the park from Buffalo Park near 

Wainwright, Alberta. Starting in the 1930's, hybrid bison 

from WBNP colonized the Slave River Lowlands northeast of 

the park. Not surprisingly, the Lowlands bison were later 

found to have brucellosis and tuberculosis. 

Previous studies on 

bison in WBNP and the Slave 

brucellosis and tuberculosis in 

River Lowlands have been based 

on serological tests for brucellosis, and tuberculin tests 

and presence of gross lesions in the case of tuberculosis 

(Fuller 1959; Choquette et al 1961, 1978). Bacteriology and 

histopathology were rarely done and Brucella biotyping was 

never done. The purpose of the present study was to 

correlate gross, histological and bacteriological findings 

of brucellosis and tuberculosis in bison, and to determine 
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whether Brucella biotyping would provide useful 

epidemiological markers in the region. 

4.3 Materials and methods 

4.3.1 Acquisition of bison tissues 

In WBNP and the Slave River Lowlands, the study was 

strictly limited to opportunistic sampling in accordance 

with the regulations and research permit limitations of both 

Parks Canada and the N.W.T. Wildlife Service. Necropsies 

were done on complete or partial remains of bison that died 

as a result of disease, predation, hunting, poaching or 

natural accidents. Dead bison were found by ground and 

aerial searches when accompanied by park wardens, wildlife 

officers, or members of the Fort Smith Hunters' and 

Trappers' Association. 

Table 13 gives the complete list of tissues that were 

collected whenever possible. Although every carcass was 

examined, tissues were not collected from those in an 

advanced state of putrefaction. Blood samples were taken 

from the severed jugular vein, carotid artery or from the 

ventricles of the heart in 114 ml sterile cabinet ovals, 

then centrifuged, and the sera decanted and frozen at -20C. 

Small portions of each tissue collected were fixed in 10% 

neutral buffered formalin for histopathology, and the 

remainder frozen at -20C and sent to the Animal Pathology 
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Table 13: Tissue samples collected from bison carcasses for 
serology, histopathology, bacteriology and trace 
element analyses. 

blood 

lower jaw or incisor bar 

lung 

liver 

kidney 

spleen 

heart 

reproductive tissues: testicles and epididymi 

or uterus and placenta 

mammary gland 

retropharyngeal lymph nodes 

mandibular lymph nodes 

parotid lymph nodes 

suprascapular lymph nodes 

bronchial lymph nodes 

hepatic lymph nodes 

mesenteric lymph nodes 

lumbar lymph nodes 

internal iliac lymph nodes 

prefemoral lymph nodes 

superficial inguinal/supramammary lymph nodes 

miscellaneous 
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Laboratory in Saskatoon, Saskatchewan, for serology and 

bacteriology. Tissues with gross or histological lesions of 

tuberculosis were sent frozen to the Animal Diseases 

Research Institute in Nepean, Ontario, for mycobacteriology. 

4.3.2 Serological and bacteriological methods 

Serum samples were tested for the presence of Brucella 

antibodies using the standard tube agglutination test, the 

buffered plate antigen test, and the direct complement 

fixation test as described by Forbes (1980). Sera were also 

tested for antibodies to Leptospira interrogans serovars 

pomona, hardjo, grippotvphosa, canicola, and copenhageni 

using the microscopic agglutination test (Kingscote 1985). 

Brucella bacteriology was done according to. the method 

described by Forbes (1980), with minor modifications. Each 

tissue was trimmed, dipped in absolute ethanol, flamed, and 

incised with sterile scissors before being double-bagged 

with an equal volume of 0.85% saline. The samples were then 

homogenized in a Colworth Stomacher Blender1 and swabbed 

over the entire surfaces of two blood agar plates and four 

Brucella agar (Alton et al 1975) plates with the following 

additives: 

1. one plate of Brucella agar contained 25,000 

I. U. of bacitracin, 6, 000. I. U. of polymyxin B 

1 A. J. Seward, Medical Division of UAC International 
Limited, 3 Cavendish Road, Bury St. Edmunds, Suffolk, 
England 1P33 3TE 
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sulfate, and 100 mg of cyclohexamide per litre 

of serum tryptose agar basal medium. 

2. one plate of Brucella agar contained the same 

amounts of the same antibiotics as (1) plus 

ethyl violet at a final concentration of 

1:800,000. 

3. one plate of Brucella agar contained 7,500 

I.U. of bacitracin, 1,800 I.U. of polymyxin B 

sulphate, and 30 mg of cyclohexamide per litre 

of serum tryptose agar basal medium. 

4. one plate of Brucella agar contained the same 

amounts of the same antibiotics as (3) plus 

ethyl violet at a 1:800,000 final 

concentration. 

The plates were incubated in 10% co2 at 37.5C and examined 

daily for up to 10 days. Suspect colonies were identified 

to species and biotype using standard procedures (Alton et 

al 1975). The identity of Brucella isolates was confirmed 

by the Animal Diseases Research Institute, Nepean, Ontario, 

and by the world reference center at the Central Veterinary 

Laboratory, Weybridge, England. Isolates are being 

maintained in the culture collections of the three 

laboratories. 

Tissue samples for mycobacterial 

free of fat and connective tissue. 

mixed with 5.0 ml of M-15 buffer. 
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aqueous solution of 61.1 ml of 0.94% Na 2HP04 and 38.9 ml of 

0.907% K2P04, with final pH = 7.0. The sample was 

homogenized in a Ten Broeck2 grinder and 5.0 ml of the 

resulting suspension was mixed with 10.0 ml of 2% NaOH 

containing phenol red indicator (0.01 g phenol red per 500 

ml of 2% NaOH). The suspension was allowed to stand for a 

maximum of 12 min and was then neutralized with 

approximately 2.0 - 2.5 ml of 2N HCl, as indicated by a 

color change from fuchsia to salmon pink. Sterile distilled 

water was added to bring the final volume of the suspension 

to 35.0 ml. The sample was centrifuged at 1780 X G for 30 

min and the supernatant discarded. The sediment was used to 

prepare a smear and to inoculate culture media. A duplicate 

sample of each tissue was treated the same way as the first 

one except that the NaOH decontamination step was omitted. 

This control ensured that the decontamination procedure had 

not destroyed mycobacteria that may have been present. 

Sediment smears on glass microscope slides were heat 

fixed, stained by the Ziehl-Neelsen method (US National 

Veterinary Services Laboratory 1985), and 100 oil-emersion 

fields were examined for the presence of acid-fast bacilli. 

The decontaminated and non-decontaminated sediments were 

each inoculated into the following media which have been 

described elsewhere (Difco Laboratories 1984, US National 

2 Fisher Scientific, 112 ch. Colonnade Road, Nepean, 
Ontario K2E 7L6 
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Veterinary Services Laboratory 1985): 

Middlebrook 7H-9 medium or Dubas broth 
medium with Dubas oleic albumen complex.1 tube at 37 c 

Herrold egg yolk medium •••.•..•.••..••.• 1 tube at 37 c 

Herrold egg yolk medium with 
mycobactin ( 2 mg /L) ....•..•........•.•.. 1 tube at 37 c 

Lowenstein-Jensen media ..••........•.... 1 tube at 30 c 
1 tube at 37 c 
1 tube at 42 c3 

Stonebrink medium ....•................•. 1 tube at 37 c 

The media were examined regularly for up to 90 days. 

Suspect bacterial colonies were identified by morphological 

characteristics and standard biochemical tests (US National 

Veterinary Services Laboratory 1985). 

4.3.3 Histological methods 

Portions of all organs and lymph nodes were collected 

in 10% neutral buffered formalin from each bison carcass 

regardless of whether there were gross lesions present or 

not. The fixed tissues were processed to paraffin, 

sectioned at 6 ~, and stained with hematoxylin and eosin 

for light microscopic examination. Duplicate sections were 

stained by the Ziehl-Neelsen method whenever lesions were 

seen. Sections of Mycobacterium avium-infected tissues were 

used as controls during the Ziehl-Neelsen staining 

3 in the case of the tissues of bison from the 
Mackenzie Bison Sanctuary, this tube was replaced by 
one tube of Lowenstein-Jensen medium without glycerol 
incubated at 37 c. 
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procedure. A maximum of 100 fields were examined at 1000X 

magnification for acid-fast bacilli in sections of 

granulomatous lesions, as recommended by David (1976). 

4.4 Results 

4.4.1 Bison sample acquisition 

The complete or partial remains of 164 bison were found 

in and around WBNP between June, 1983, and October, 1985 

(Fig. 13). Of these, 74 were in suitable condition for 

disease analyses and 90 were unsuitable because they were 

too decomposed and/or too heavily scavenged upon. The 74 

bison included two from which hunters submitted sera but no 

other tissues. 

The information collected from each of the 74 

acceptable bison carcasses is provided in Appendix B. The 

locations at which these bison were found is shown in Fig. 

13: 29 bison were in the park, 37 were outside the park 

between the Little Buffalo and Slave Rivers, 6 were outside 

the southwest corner of the park in the Peace River 

lowlands, and 2 were outside the southeast corner of the 

park near Galoot Lake. The age categories, sex and causes 

of death of the 74 bison are given in Table 14 according to 

the area in which they were found. Of the 27 adult female 

bison in this sample, 15 were neither pregnant nor 

lactating, 9 were pregnant, 2 were lactating and not 
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Figure 13. Locations of bison carcasses examined between 
June, 1983, and October, 1985, in and around 
Wood Buffalo National Park. Filled-in circles 
represent locations where carcasses suitable for 
sampling were found; open circles indicate sites 
where bison were found but were too autolysed or 
too heavily scavenged for disease diagnosis. 
Numbers are provided where more than one bison 
was found at a given location. 

136 



!wi!w.l!wwl 
0 km SO 

~ckenzie Bison Sanctuary 

Wood Buffalo 

National Park 

lw!!w!!M 
0 km 25 

0 

0 

• • .... ~ 



Table 14: Age category, sex, and cause of death of bison examined in and around Wood 
Buffalo National Park. 

No. of Adult Bison No. of Bison Calves 

Location/Cause of Death Male Female ?* Male Female ?* Total Bison 
I 

Wood Buffalo National Park I 

poachers 5 4 3 12 I 

vehicle collisions 1 3 1 5 
wolves 1 1 2 4 
shot by wardens 2 1 3 
disease 1 1· 2 
unknown 1 1 

Slave River Lowlands 
hunters 10 12 6 5 4 1 38 
unknown 1 1 

Outside s.w. corner of park 
hunters 2 4 6 

Outside S.E. corner of park 
hunters 2 2 

I 

Totals 23 27 6 7 4 7 74 I 

I 

--- '------- -- --- ------ -·- .~----'-

* Unable to determine sex from partial remains 



pregnant, and the reproductive status of 1 cow could not be 

determined. 

The quality of the tissue samples from the 72 bison was 

very good, as indicated by their gross and histological 

appearance and by the relatively few bacterial contaminants 

that grew on culture plates. Sample quality was greatly 

affected by the time of year that the dead bison were found. 

The majority of bison were necropsied during cool or very 

cold months of the year (Table 15). It was during these 

months. that ground transportation was easiest (snow 

machine), hunting and poaching activity were highest, and 

dead bison were most easily seen because of the lack of leaf 

cover and the ease of tracking hunters and poachers on snow. 

Although the quality of samples was good, the number of 

tissues collected from each bison varied due to problems 

inherent in opportunistic sampling. Complete necropsies 

were done when travelling with hunters, whereas fewer 

tissues were collected from bison killed by poachers or 

wolves because the predators, poachers or scavengers only 

left portions of the carcasses. Table 16 shows th~ relative 

number of tissues collected from the 72 bison. 

Of the 90 carcasses rejected due to autolysis and/or 

scavenger activity, 51 were in WBNP, 29 were outside the 

southwest corner of the park, 10 were in the Slave River 

Lowlands outside the northeast boundary of the park (Fig. 

13). Of these 90 bison, 41 had washed up on the shores of 
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Table 15: The number of bison found and examined, by month 
of the year, in and around Wood Buffalo National 
Park. 

Month No. of Bison 

January 6 

February 4 

March 7 

April 2 

May - 0 

June 1 

July 1 

August 2 

September 4 

October 19 

November 20 

December 6 

Total 72 

Table 16: The number of tissue samples from bison carcasses 
obtained opportunistically in and around Wood 
Buffalo National Park. 

No. Tissues :per Bison No. of Bison 

1-2 14 

3-5 15 

6-10 21 

~ 11 22 

Total 72 
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lakes and rivers in the park and were presumed to have 

drowned, 39 were shot by hunters outside the park, 6 died of 

unknown causes, 3 were killed by poachers in the park, and 1 

was killed by wolves in WBNP. Eight severe~y lame bison 

were seen in the park during the study, but the cause of 

this could not be determined. 

4.4.2 Brucellosis in bison 

Brucella abortus was isolated from the tissues of 11 

(15.3%) of the 72 hybrid bison necropsied in and around WBNP 

(Table 17). ~· abortus biotype 1 was identified in 8 of the 

infected bison, a urease-negative strain of biotype 1 in two 

bison, and biotype 2 in one bison. In one instance (bison 

W13), biotype 2 was initially identified but the isolate 

subsequently died and all repeated tissue isolates were 

biotype 1. 

The number of tissues per bison from which B. abortus 

was isolated varied from one to eight (Table 17). However, 

the relative frequency of B. abortus isolation from each 

tissue could not be evaluated because of the small number of 

cases and because all tissues were not available from every 

bison. Hence the detected prevalence of brucellosis likely 

underestimated the true prevalence in the sample population 

due to limitations imposed by an opportunistic sampling 

protocol. 

Serum samples were available from five of the 11 bison 
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Table 17: Positive B. abortus culture results and/or Brucella serological reactor titres 
of bison In and around Wood Buffalo National Park • 

Bison No. B. abortus 
biotype 

W12 -
cow 

W13 1 
bull 

W15 1 (urease 
bull negative) 

W17 2 
cow 

W25 1 (urease 
bull negative) 

W27 1 
cow 

W109 1 
bull 

W115 1 
cow 

Wl18 -
bull 

W126 -
cow 

W133 -
cow 

W180 1 
yearling 

W255 ND 
bull 

W257 -
cow 

W258 1 
yearling 

W259 1 
bull 

W261 -
bull 

W262 -
bull 

W264 1 
bull 

Total number cultured 
Total culture positive 

serology 
STAT 400 
CFT 25 

ND 

STAT 800 
CFT 50 
STAT 1600 
CFT 50 

ND 

ND 

STAT 400 
CFT NEG 

ND 

STAT 200 
CFT 50 
STAT 50 
CF (A/C) 
STAT 50 
CFT 5 

ND 

STAT 1600 
CFT 10 
STAT 400 
CFT 50 
STAT 1600 
CFT 50 
STAT 3200 
CFT 50 
STAT 400 
CFT 50 
STAT 100 
CFT (A/C) 

ND 

...... 
co 
t: 

·.-I 

1-1 u ~ ~a:~ co ...... ·.-I 
...... co 1-1 ·.-1 t: co 1-1 
:::1 '0 ·.-1 u <1.1 ..-I H U 0 

..Q ·.-1 .a ·.-1 .j..) 1-1 H • (I} E! 
0 ·.-1 .j..) u .j..) ...... t: co 1-1 co <1.1 
1-1 '0 0 t: co co <1.1 ..Q • <1.1 1-1 4-1 
.j..) t: 1-1 0 0.. t: (I} § .j..) 0.. 0.. <1.1 

_&~col-l<ll_&~ c:::s::sl-! ll<IXI:Z: ...:lHUlUlll< 

- - - - - - - -

- - - - - -

+ + + + + 

+ - - - - - + -

+ + 

+ + -
+ + - + - - - + + + 

- - - - - - + 

- - - - -------
-

- - - - - -

3 unspecified lymph nodes 
(none positive) 

4 unspecified lymph nodes 
(two positive) 

4 unspecified lymph nodes 
(one positive) 

2 unspecified lymph nodes 

-

(none positive) 

-- -

8 2 2 9 2 4 7 3 7 6 9 7 
3 1 0 3 1 0 0 0 1 3 3 3 
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Table 18: The frequency of isolating Brucella abortus from 
bison compared to the number of tissues available 
per bison in and around Wood Buffalo National 
Park. 

Tissues per Bison No. of Bison No. of Infected Bison 

1-2 14 1 

3-5 15 1 

6-10 21 7 

?! 11 I 22 2 
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from which~· abortus was isolated (Table 17). All five had 

very high titres on standard tube agglutination test (STAT): 

one each at 1:400 (500 I.U.) and 1:800 (1000 I.U.), two at 

1:1600 (2000 I.U.), and one at 1:3200 (4000 I.U.). The 

bison that had the 1:400 titre on STAT was negative on 

complement fixation test (CFT), but the other four all had 

1:50 titres·on CFT. 

Sera were obtained from an additional 13 hybrid bison 

in the park and Slave River Lowlands: 7 sera reacted on 

STAT and CFT but brucellae were not found in tissue samples 

from these bison; 4 sera failed to react on STAT and CFT and 

no brucellae were isolated from tissues; sera from two bison 

were submitted by hunters without any tissues for 

bacteriology, and one of these reacted on STAT and CFT but 

the other did not. The eight reactors among these 13 sera 

had variable STAT titres: two at 1:50, one each at 1:100 

and 1:200, three at 1:400 and one at 1:1600. On CFT, one 

each reacted at titres of 1:5, 1:10, and 1:25, three at 

1:50, and two sera were anticomplementary. There was no 

correlation between the magnitude of STAT and CF titres. 

The sensitivity and specificity of the serological tests in 

the bison could not be measured against the bacteriological 

results because of the small sample size of culture-positive 

bison and because complete tissues were not available for 

culture comparison with matched sera. 

The geographical distribution of the 19 bison that were 
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culture-positive for ~· abortus and/or serological reactors 

is shown in Fig. 14. Of these 19 bison, 16 were shot and 

butchered for human consumption by hunters and poachers. 

One other was killed by wolves, one died of disease, and one 

was shot by a park warden because the animal was severely 

debilitated by arthritis. This portion of the bison sample 

consisted of 9 bulls, 7 cows, 2 yearlings, and one adult of 

unknown sex. Six of the 7 cows were killed between mid

October and February, but only one was pregnant, one was 

lactating and not pregnant, and the other four were neither 

pregnant nor lactating. The seventh cow was killed in June 

and was neither pregnant nor lactating. 

Lesions associated 

in four bison. One 

subcutaneous abscess 

with B. abortus infection were seen 

bull (W109) had a 5 em diameter 

on the posterior aspect of the left 

stifle joint, and ~· abortus biotype 1 was isolated from the 

suppurative exudate. Three other bull bison (W13, W180, 

W264) each had one sweller. stifle joint, and one of these 

bison (W264) also had a 29 em long, 10 em diameter hygroma 

on the cranial aspect of the left carpal and metacarpal 

region. B. abortus biotype 1 was isolated from all of these 

limb lesions. 

Arthritis of the stifle joints was characterized 

grossly by loss of articular cartilage with eburnation or 

lysis of bone, synovial villus hypertrophy and pannus 

formation, thickening and distention of the joint capsule, 

145 



Figure 14. The locations of 19 bison which were culture
positive for Brucella abortus and/or serological 
reactors. Symbols indicate biotype 1 <•>, 
biotype 2 (e), urease-negative biotype 1 (•), 
and bison which were seropositive but culture
negative (O). 
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and a large volume (200 - 1000 ml) of exudate. In two cases 

(W180 and W264), the exudate was a translucent, viscous, 

yellow fluid containing small flecks of debris, and it was 

in the joint space and distended tendon sheaths distal to 

the joint. In the third case (W13), there was a thick, 

white, suppurative exudate in the stifle joint. These 

lesions are illustrated in Figs. 15 - 18. 

In cases of serous arthritis, the synovial membranes 

were infiltrated with large numbers of plasma cells and 

lymphocytes, and there were multifocal aggregates of 

hemosiderin-laiden macrophages within the synovium. There 

was marked proliferation of synovial villi and many of these 

were acellular and 

necrotic debris on 

sclerotic. The synovial surface had 

it but few inflammatory cel~s. There 

were foci of necrosis and mineralization within the synovium 

and the joint capsule, and some of the deeper foci were 

large and surrounded by epithelioid cells, macrophages, 

lymphocytes and fibroblasts. Giant cells were occasionally 

seen in these granulomas. These changes are illustrated in 

Figs. 19 - 20. 

In addition to these three culture-positive bulls with 

serous arthritis, two adult bison cows (W12, W120) had 

identical stifle lesions but brucellae were not isolated 

from joint exudate. 

Brucella antibody 

However, one cow (W12) had very high 

titres of 1:400 on STAT and 1:25 on CFT. 

In the other cow, the hunter had removed part of the joint 
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Figure 15. The swollen left stifle joint (arrows) of a bison 
with serous arthritis in Wood Buffalo National 
Park. 

Figure 16. Serous exudate (frozen in situ) in the stifle 
joint of a bison killed by hunters just outside 
Wood Buffalo National Park. Brucella abortus 
biotype 1 was isolated from exudate and synovium. 
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Figure 17. Suppurative arthritis of the stifle joint (arrow) 
of a bison in Wood Buffalo National Park. 
Brucella abortus biotype 1 was isolated from 
exudate and synovium. 

Figure 18. Eburnation, bone lysis (arrow) and osteophytes 
(ost) on the distal articular portion of the left 
femur of a bison with brucellar arthritis. 
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Figure 19. Photomicrograph of the synoviurn of the stifle 
joint of a bison with brucellar arthritis. The 
villus contains large numbers of mononuclear 
cells, a focus of mineralization (min) and 
sclerotic areas (scler). There is fibrin and 
debris in the joint space around the villus. H & 
E. XlOO. 

Figure 20. Photomicrograph of the synoviurn of the stifle 
joint of a bison with brucellar arthritis. ~~e 
arrow points toward the synovial surface. There 
are foci of necrosis, sclerosis and 
mineralization, and accumulations of 
proteinaceous fluid, within the granulomatous 
lesion. H & E. XlOO. 
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capsule while butchering the bison, and there was little 

exudate remaining for bacteriological examination. 

There were no consistent, attributable lesions found in 

lymph nodes that were culture-positive for B. abortus. Mild 

to moderate hyperplasia in one or more lymph nodes was 

frequently seen in bison, but this change did not correlate 

with the presence or absence of B. abortus in those lymph 

nodes. B. abortus was isolated from lymph node lesions of 

two bison that had tuberculosis (W10~, W115) but the 

granulomatous lymphadenitis was attributed to tuberculosis 

rather than brucellosis based on the presence of 

Mycobacterium bovis, and the distribution and 

histopathological appearance of the lesions. 

4 • 4 •. 3 Tuberculosis in bison 

Mycobacterium bovis was isolated from lesions of seven 

(9.7%) of the 72 bison necropsied in and around WBNP. No 

other species of mycobacteria were found. An additional 

eight bison (11.1%) had gross lesions of tuberculosis but 

were culture-negative. Table 19 summarizes the location of 

tubercular lesions and their bacteriological status in the 

bison, in conjunction with brucellosis results. B. abortus 

and M. bovis were both isolated from the tissues of one bull 

(W109) and one cow (W115), and a third bison (W133) that 

reacted on brucellosis STAT and CFT had advanced pulmonary 

tuberculosis but was culture-negative for M. bovis. 
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'l'able 19: Suaaary of all cases of tuberculosis and/or brucellosis in biaon necropsied in and around Wood Buffalo llational Park. 

BRUCELLOSIS TUBERCULOSIS 

BISON LOCATION DATE CAUSE OF DEATH NO. TISSUES BACTERIOLOGY SEROLOGY LESIONS BACTERIOLOGY 

W12 Cow Quatre Fourche&, 13/06/83 shot by warden 13 negative STAT 400 nil not done 
WBNP CFT 25b 

W13 Bull Peace Point, 04/07/83 multisystemic 10 B. abortus no sample nil not done 
WBNP disease biotype 1 

W15 Bull Highway 5,' 30/09/83 hunter 10 B. abortus STAT 800 nil not done 
N.W.T. biotype 1 CFT 50 

(urease neg.) 

W17 Cow Plamondon Farm, 18/10/83 hunter 14 B. abortus STAT 1600 nil not done 
N.W.T. biot'YPeT CFT 50 

W25 Bull Highway 5, 08/02/84 poacher 6 B. abortus no sample nil not don~ 
WBNP biotype 1 

I (urease neg.) I 

I 

W27 Cow Garden Creek 08/02/84 hunter 7 B. abortus no sample nil not done 
area, Alberta biotype 1 

W104 Cow Peace Point, 22/10/84 vehicle 14 negative no sample bronchial nodes !!·~ 
WBNP 

W109 Bull Plamondon Farm, 01/11/84 hunter 17 B. abortus STAT 400 retropharyngeal !!·~ 
N.W.T. biotype 1 CFT NEG nodes 

W110Cow Plamondon Farm, 01/11/84 hunter 13 negativ~ no sample retropharyngeal, negative 
N.W.T. bronchial, supra-

scapular nodes 
I 

W113 Cow Fox holes, 04/11/84 hunter 8 negative no sample retropharyngeal, !!·~ 
N.W.T. bronchial, 

mesenteric nodes 

Wll5 Cow Grand Detour, 06/11/84 hunter 10 B. abortus no sample prefemoral node !!· E2tl! 
N.W.T. biotype 1 

W118 Bull Grand Detour, 07/11/84 hunter 16 negative STAT 200 nil not done 
N.W.T. CFT 50 

Wl19 Bull Fox holes, 11/11/84 hunter 12 negative no sample retropharyngeal negative 
N.W.T. nodes 

---- -- ---- -- ---·----
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'l'able 19: SUBaary of all cases of tuberculosis and/or brucellosis in bison necropsied in and around 1loocl Buffalo National Park. 
(Continued) 

BRUCELLOSIS TUBERCULOSIS . 
BISON LOCATION DATE CAUSE OF DEATH NO. TISSUES BACTERIOLOGY SEROLOGY LESIONS BACTERIOLOGY 

W126 Cow Grand Detour, 24/11/84 bunter 4 negative STAT SO nil not done 
N.W.T. CFT (A/C)c 

W127 Bull Galoot Lake, 28/11/84 poacher 7 negative no sample bronchial nodes negative 
WBNP 

! 

W128 Bull Prairie River, 03/12/84 wolves 16 negative no sample generalized M·~ 
WBNP tuberculosis 

W129 Calf Otter Lake, 03/12/84 wolves s negative no sample granulomatous negative 
WBNP encephalitis 

W130 Bull south of Galoot 17/12/84 hunter 6 negative no sample retropharyngeal, !·~ 
Lake, Alberta parotid, 

mandibular nodes 

Wl31 Bull south of Galoot 17/12/84 hunter s negative no sample retropharyngeal, M·~ 
Lake, Alberta parotid, 

mandibular nodes 

W132 Bull Galoot Lake, 03/01/8S poacher 3 negative no sample retropharyngeal, negative 
WBNP parotid, 

mandibular nodes 

W133 Cow Peace Point, 27/01/8S wolves 9 negativ~ STAT SO pulmonary negative 
WBNP CFT S tuberculosis 

W171 Cow La Butte, 21/12/84 tuberculosis 9 negative no sample generalized M· bovis 
WBNP tuberculosis 

W172 Cow Highway S, 04/02/8S V'!hicle 21 negative no sample bronchial nodes negative 
WBNP and right lung 

W180 Grand Detour, 09/04/8S hunter 2 B. abortus no sampl19 nil not done 
Yearling N.W.T. biotype 1 

W255 Little Buffalo 17/09/84 hunter serum only N.D. STAT 1600 nil not done 
Adult River, N.W.T. CFT 10 

W2S7 Cow Highway 5, 09/10/8"1: hunter 8 negative STAT 400 nil not done 
N.W.T. CFT 50 

W258 Highway 5, 09/10/85 hunter 6 B. abortus STAT 1600 nil not done 
Yearling N.W.T. biotype 1 CFT 50 

~~-- '---------------
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'fable 19: su-ry of all cases of tuberculosis and/or brucellosis in bison necropsied in and around Wood Buffalo Rational Park. 
(Continued) 

BISON LOCATION DATE 

W259 Bull Highway 5, 09/10/85 
N.W.T. 

W261 Bull Highway 5, 09/10/85 
N.W.T. 

W262 Bull Highway 5, 09/10/85 
N.W.T. 

W264 Bull Highway 5, 09/10/85 
N.W.T. 

a = standard tube agglutination test (STAT) 
b = complement fixation test (CFT) 
c = anticomplementary (A/C) 

CAUSE OF DEATH NO. TISSUES 

hunter 6 

bunter 5 

hunter 2 

bunter 5 
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BRUCELLOSIS TUBERCULOSIS 

BACTERIOLOGY SEROLOGY LESIONS BACTERIOLOGY 

B. abortus STAT 3200 nil not done 
biotype 1 CFT 50 

negative STAT 400 nil not done 
CFT 50 

negative STAT 100 nil not done 
CFT (A/C) 

B. abortus no sample nil not done 
biotype 1 



Table 20: The frequency of finding lesions of tuberculosis 
in bison compared to the number of tissues 
available per animal in the Wood Buffalo National 
Park area. 

Tissues per Bison No. of Bison Bison with Lesions 

1 - 2 14 0 

3 - 5 15 3 

6 - 10 21 6 

~ 11 22 6 
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There were several bison which could not be completely 

evaluated because of missing body parts, and therefore the 

detected prevalence of tuberculosis probably underestimated 

the true prevalence of the disease within the sample 

population. The sample prevalence would rise to 25.6% if 

those bison with fewer than 5 tissues were rejected from the 

calculation. The most consistently affected tissues were 

the retropharyngeal and bronchial lymph nodes. Examination 

of these two tissues alone would have detected 14 of the 15 

bison with tuberculosis. Hence, if more stringent sampling 

criteria had excluded carcasses where one or both of these 

lymph nodes were missing, then the prevalence of 

tuberculosis in the sample would have been 11 (34%) of 32 

bison. 

The geographical distribution of the 15 bison with 

tubercular lesions is shown in Fig. 21. Infected bison were 

widely dispersed over the bison range in Wood Buffalo 

National Park and the western Slave River Lowlands. Of 

these bison, nine were shot and butchered by hunters or 

poachers, three were killed by wolves, two were killed on 

roadways by vehicles, and one died of tuberculosis. 

As there were only four wolf-killed bison examined 

during the study, it was noteworthy that three of these 

bison (W128, W129, W133) had been severely debilitated by 

tuberculosis. The calf (W129) with granulomatous 

encephalitis was severely ataxic, stood in saw-horse 
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Figure 21. Locations where the 15 bison with tuberculosis 
were found, in and around Wood Buffalo National 
Park. Squares and circles represent the 
locations of bison with culture-positive or 
culture-negative granulomatous lesions, 
respectively. 
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position with head lowered, and would not flee with the rest 

of the herd. Wolves killed the calf shortly thereafter at 

the site where it was first seen, with no chase involved. 

The bull (W128) with generalized tuberculosis was seen lying 

in sternal recumbency and appeared uninjured, but was 

oblivious to the two wolves circling it at close quarter. 

It was killed only a few meters from where it was first 

seen. The cow (W133) with severe pulmonary tuberculosis was 

part of a herd being chased down a roadway by wolves. She 

lagged approximately 100 m behind the herd and finally 

turned off the road into deep snow where the wolves killed 

her. If they had not been killed by wolves, the three bison 

would have soon died of tuberculosis in any case. 

The 15 bison with tubercular lesions consisted of seven 

cows, seven bulls and one calf. The seven cows were 

examined between late October and early February; three were 

pregnant and four were neither pregnant nor lactating. One 

of the non-pregnant cows (W115) was simultaneously infected 

with B. abortus biotype 1, and a second non-pregnant cow 

(W133) had a Brucella STAT titre of 1:50 and CFT titre of 

1:5 although~· abortus was not isolated from tissues. 

Table 21 describes the lesions found in the 15 bison. 

Tuberculous lesions were confined to the lymph nodes (Figs. 

22-23) of 10 bison: 5 had lesions restricted to the head 

lymph nodes; 2 had lesions only in bronchial lymph nodes; 

one had lesions in bronchial and suprascapular lymph nodes; 
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Table 21: Summary of lesions of tuberculosis in bison from the 
Wood Buffalo National Park area. 

Bison 

W104 Cow 

Wl09 Bull 

WllO Cow 

W113 Cow 

WllS Cow 

Cause of 
Death 

vehicle 

hunter 

hunter 

hunter 

hunter 

Pathology Findings 

Highly mineralized, multifocal granulomata 
in one bronchial lymph node. Diffuse 
granulomatous reaction in remaining 
lymphoid tissue around the mineralized 
foci. Numerous giant cells amongst the 
epithelioid cells. Culture-negative. 

Multiple large, mineralized granulomata in 
both retropharyngeal lymph nodes. 
Histologically, there are also smaller 
caseous granulomata and very small foci of 
epithelioid cells and giant cells without 
necrosis. Culture-positive: M· bovis and 
~· abortus. Other findings: multifocal 
interstitial nephritis characterized by 
lymphocyte and plasma cell infiltration. 

Multiple mineralized granulomata are 
grossly evident in bronchial lymph nodes. 
Histologically, there are many small, non
caseous, giant cell granulomata in the 
cortices of retropharyngeal and supra
scapular lymph nodes. Culture-negative. 

Macroscopically, the retropharyngeal lymph 
nodes are greatly enlarged and filled with 
a thick, suppurative exudate. There are 
large, mineralized granulomata in 
bronchial and mesenteric lymph nodes. 
Histologically, the retropharyngeal node 
lesions consist of multiple large, non
mineralized, caseous granulomata and 
smaller foci of diffuse granulomatous 
infiltration. Culture-positive: M. bovis 
from bronchial and mesenteric lymph nodes. 

Macroscopically, the left prefemoral lymph 
node is enlarged and contains multiple 
abscesses. Histologically, there is 
extensive fibrosis with multiple small 
granulomata centered around mineralized, 
necrotic debris. These granulomata 
contain large numbers of macrophages, 
plasma cells and lymphocytes, but few 
epithelioid cells and no giant cells. 
There are also some neutrophils present. 
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Bison 

Wl19 Bull 

W127 Bull 

W128 Bull 

Cause of 
Death 

hunter 

poacher 

wolves 

Pathology Findings 

Culture-positive: M. bovis and B. abortus 
biotype 1. 

The retropharyngeal lymph nodes are 
enlarged,. very firm, and on cut-section 
are entirely filled with multiple 
mineralized granulomata. Histologically, 
there is a thin rim of lymphoid tissue and 
the remainder of the tissue consists of 
caseous and mineralized granulomata. 
Multiple small aggregates of epithelioid 
cells and giant cells, with little or no 
caseation, are scattered throughout the 
little remaining lymphoid tissue. 
Culture-negative. 

Macroscopically, there are multiple 
granulomata, of both caseous and 
mineralized conformation, in the bronchial 
lymph nodes. Histologically, there are 
extensive freezing artifacts in the 
decalcified bronchial lymph nodes. There 
are multiple large foci of amorphous, 
mineralized debris surrounded by a thin 
rim of epithelioid cells, giant cells and 
lymphocytes, which are then encompassed by 
extensive fibrous connective tissue·. 
Culture-negative. 

There are multiple skin lacerations, 
subcutaneous hemorrhage, and intramuscular 
hemorrhages in the semimembranosus and 
semitendinosus regions of both hindlegs. 
The scrotum is greatly enlarged (25.cm 
diameter), pendulous, and has multiple 
ulcers corresponding to areas of hair loss 
and ulceration on both thighs. The 
scrotum is filled with brownish pus and 
necrotic debris, and there is no remaining 
testicular tissue. Superficial inguinal 
lymph nodes are greatly enlarged (6 em 
diameter) and on cut surface exude thick, 
tan, caseous material. There is extensive 
fibrous pleuritis and multiple firm, pale 
granulomata throughout the pulmonary 
parenchyma but most numerous in the caudal 
lung lobes. The pulmonary granulomata 
range from 2-3 mm to 2 em in diameter and 
the majority are fibrotic and mineralized. 
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Bison 

W129 Calf 

Cause of 
Death 

wolves 

Pathology Findings 

The pericardia! sac is dilated with 
approximately 100-150 ml of clear, yellow 
fluid. The heart is enlarged and both 
ventricles are dilated and the right 
ventricular wall is hypertrophied. The 
liver is firm and has a nutmeg appearance 
on cut surface. There are 2-8 mm 
diameter, mineralized granulomata 
scattered throughout the hepatic 
parenchyma. There are a few fibrous tags 
on the liver capsule and a few fibrous 
adhesions between loops of small 
intestine. The left kidney is shrunken, 
has an irregular surface, and has a 3 em 
diameter abscess near the cranial pole. 
On cut-section there is extensive fibrous 
tissue in both cortex· and medulla of the 
kidney, and there is suppurative exudate 
in the renal pelvis. The retropharyngeal, 
bronchial, mediastinal, renal, internal 
iliac and lumbar lymph nodes all contain 
multiple granulomata, most of which are 
mineralized. In the first three of these 
lymph nodes, the granulomata have 
obliterated most of the normal 
architecture. Culture-positive: M. bovis 
in mediastinal, renal, internal iiiac and 
superficial inguinal lymph nodes. 

The abdominal viscera and hindquarters 
have been largely eaten by wolves. There 
is a 2 em diameter focus of caseous 
necrosis in the ventral half of the left 
cerebral hemisphere at the level of the 
midbrain, and another 5 mm diameter area 
of necrosis in the right dorsolateral 
surface of the brainstem at the level of 
the pons. Histologically, the brain 
lesions have central foci of caseation 
surrounded by large numbers of macrophages 
and nuclear debris. There are epithelioid 
cells and a few giant cells at the 
periphery. The lesions are encapsulated 
by varying amounts of fibrous connective 
tissue and marked gliosis. There is 
perivascular cuffing of small · vessels 
around the lesions. There are small foci 
of granulomatous inflammation around the 
periphery of the larger lesions. Small 
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Bison 

Wl30 Bull 

W131 Bull 

Cause of 
Death 

hunter 

hunter 

Pathology Findings 

numbers of acid-fast bacilli are present 
in the lesions and in the centrifuged 
homogenate of brain lesions. Culture
negative. 

Only the head and some abdominal viscera 
are available for examination. Grossly, 
the retropharyngeal, mandibular and 
parotid lymph nodes are enlarged and, on 
cut-section, are full of thick, white, 
suppurative exudate. Histologically, all 
three pairs of lymph nodes contain 
multiple large, often coalescing, 
granulomata with caseous centers but 
little mineralization. There are large 
numbers of epithelioid cells present 
around the margins of the granulomata, but 
very few giant cells. The granulomata 
have entirely distorted the lymph node 
architecture, leaving only a thin rim of 
cortical lymphoid tissue beneath the 
capsule. There are microscopic, non-
caseating granulomata composed of 
epithelioid cells and giant cells within 
the rim of lymphoid tissue at the surface 
of the mandibular lymph nodes. Culture
positive: M. bovis in retropharyngeal 
lymph nodes. -

Only the head and some abdominal viscera 
are available for examination. The 
enlarged retropharyngeal lymph nodes are 
full of thick, white, caseous material 
with little mineralization. 
Histologically, there is little remaining 
lymphoid tissue and the majority of the 
node consists of granulomata ranging from 
large caseous foci with numerous giant 
cells, epithelioid cells and abundant 
fibrous connective tissue, to very small, 
non-caseating granulomata consisting 
mainly of epithelioid cells and giant 
cells. The parotid lymph nodes contain 
multiple caseous granulomata with no 
remaining lymphoid tissue. These 
granulomata are partly mineralized and are 
surrounded by extensive fibrous connective 
tissue. Culture-positive: M. bovis in 
parotid lymph nodes. -
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Bison 

W132 Bull 

W133 Cow 

Cause of 
Death 

poacher 

wolves 

Pathology Findings 

Only the head is available for 
examination. Grossly, the retropharyngeal 
lymph nodes are enlarged and, when 
excised, exude a thick, white suppurative 
exudate. Histologically, the lymphoid 
structure is entirely replaced by a large 
focus of caseous necrosis with large 
numbers of macrophages surrounded by 
epithelioid cells, lymphocytes, plasma 
cells, and a dense fibrous capsule. There 
are few giant cells and almost no 
mineralization in the lesion. Culture
negative. 

There are bite wounds on both flanks and 
hindlegs. The perineum is lacerated and 
the terminal colon and uterus have been 
pulled out through the laceration. There 
are multiple mineralized granulomata, 
ranging in size from 1-2 mm to 3 em in 
diameter, on the visceral and parietal 
pleura. These are most numerous on the 
costal and diaphragmatic pleura where they 
often coalesce into large clusters or 
linear lesions. Histologically, the 
pleural tubercles consist of highly 
mineralized, necrotic debris surrounded by 
macrophages, epithelioid cells, many giant 
cells, lymphocytes, plasma cells and 
fibroblasts. Each granuloma is 
encapsulated in abundant fibrous 
connective tissue containing small 
aggregates of lymphocytes. Several 
mediastinal and bronchial lymph nodes are 
completely replaced .by granulomata. Other 
bronchial nodes contain microscopic, 
noncaseating granulomata or diffuse 
granulomatous infiltration characterized 
by macrophages, epithelioid cells and 
occasional giant cells. The lungs contain 
scattered, non-mineralized, caseous 
granulomata which range in size from 3-5 
mm to 2.5 em in diameter, and which are 
most numerous in the caudal lobes. In 
addition to the pulmonary granulomata, 
there are multiple areas of severe 
fibrosis throughout the lungs and in these 
areas the bronchi and bronchiole are 
dilated and filled with thick mucus. 
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Bison 

W171 Cow 

Cause of 
Death 

tuber
culosis 

Pathology Findings 

Histologically, the pulmonary granulomata 
have caseous centers surrounded by 
epithelioid cells, macrophages, 
lymphocytes and giant cells, with variable 
amounts of fibrous connective tissue 
around them. Some also have focal 
aggregates of neutrophils. Outside the 
large granulomata there are foci of 
diffuse, interstitial granulomatous 
infiltration and obliteration of alveoli. 
Some lobules that are free of granulomata 
have undergone severe interstitial 
fibrosis with no evidence of current 
inflammation. 

The cow is extremely emaciated and the 
right stifle joint is greatly swollen. 
Mineralized granulomata, 1-5 em in 
diameter, cover the costal pleura. The 
visceral pleura is also covered with 
large, mineralized tubercles that hang in 
clusters from the surface, and there are 
multiple fibrous adhesions between the 
visceral and parietal pleura. There are 
mineralized tubercles in the medullary 
cavity of seven ribs, with associated bone 
lysis and one pathological fracture. 
There are tubercles on the pericardia! sac 
and fibrous adhesions between the 
pericardium and pleura, and between the 
atria of the heart and the pericardium. 
The heart is greatly enlarged due to right 
and left ventricular dilatation. The 
lungs are shrunken, very firm and heavy. 
There are large numbers of mineralized 
granulomata throughout the lungs, and 
extensive fibrosis around and between 
them. A few large granulomata in the· 
caudal lobes have undergone central 
liquefaction and cavitation. 
Histologically, the pleural, pericardia!, 
rib and pleural granulomata have caseous 
necrotic centers with concentric rings of 
mineralization. There is a relatively 
thin rim of macrophages, plasma cells, 
giant cells and lymphocytes around the 
necrotic foci, and a thick capsule of 
fibrous connective tissue. Between 
granulomata, the pulmonary parenchyma is 
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Bison 

W172 Cow 

Cause of 
Death 

vehicle 

Pathology Findings 

compressed and there are areas of diffuse 
interstitial infiltration with 
macrophages, giant cells and fibrous 
connective tissues. Small numbers of 
acid-fast bacilli are present in a few 
giant cells in these latter areas. There 
are multiple mineralized granulomata in 
the retropharyngeal, mandibular and 
bronchial lymph nodes. Some bronchial 
nodes have been obliterated by granulomata 
and others contain both mineralized, 
fibrotic granulomata and microscopic, non
caseating granulomatous infiltrates 
comprised of small numbers of epithelioid 

·cells, macrophages and giant cells. In 
the liver, there are multiple, 1-3 em 
diameter, mineralized granulomata on the 
surface and scattered in the hepatic 
parenchyma. There are also microscopic, 
caseating granulomata with no 
mineralization and few fibroblasts in the 
hepatic parenchyma. Culture-positive: M. 
bovis in lung, liver and retropharyngeai, 
mandibular, bronchial and mediastinal 
lymph nodes. 

The cow is thin. The retropharyngeal 
lymph nodes are enlarged and on cut
section are full of yellow, mineralized 
necrotic debris. There are three small (3 
mm diameter), mineralized granulomata in 
the dorsal aspect of the right caudal lung 
lobe. Histologically, the retropharyngeal 
granulomata had extensively mineralized, 
necrotic centers surrounded by a thin rim 
of macrophages, epithelioid cells, giant 
cells and lymphocytes, and a relatively 
thick fibrous capsule. The lymphoid 
tissue is displaced to a thin area beneath 
the lymph node capsule. The macroscopic 
lung granulomata are similar to those in 
the lymph nodes, but there are also 
microscopic, non-mineralized granulomata 
consisting of macrophages, epithelioid 
cells and giant cells with smaller numbers 
of fibroblasts and poorly delineated 
boundaries. One bronchial lymph node is 
diffusely infiltrated with macrophages, 
epithelioid cells, and giant cells, with 
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Bison Cause of 
Death 

Pathology Findings 

no caseation or fibrosis present. 
Culture-negative. 
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Figure 22. Granulomatous lymphadenitis due to bovine 
tuberculosis in a bison in Wood Buffalo National 
Park. There are multiple foci of caseous 
necrosis (arrows). 

Figure 23. Granulomatous lymphadenitis due to bovine 
tuberculosis in a bison in Wood Buffalo Na·tional 
Park. Only a thin rim of lymphoid tissue 
remains around the central area of caseous 
necrosis. 
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one had lesions in retropharyngeal, bronchial and mesenteric 

lymph nodes; one had a lesion in only a prefemoral lymph 

node. The other 5 bison had lymph node and visceral 

lesions: 2 had pulmonary tuberculosis (Figs. 24-27) with 

bronchial and retropharyngeal lymph node involvement; 2 had 

generalized tuberculosis involving 

viscera (Fig. 28) and multiple lymph 

granulomatous encephalitis (Fig. 29). 

thoracic and abdominal 

nodes; one calf had 

No cases of tuberculosis beyond those recognized 

grossly at necropsy were detected by histology. However, 

histology did provide more information on the character and 

extent of lesions. Tuberculosis in the lymph nodes and 

organs of bison was characterized by typical granulomata 

composed of macrophages, epithelioid cells, lymphocytes ·and 

Langhans giant cells, with variable amounts of caseation, 

mineralization and fibrosis. Aggregates of neutrophils were 

occasionally present in these lesions but only rarely in 

large numbers. The granulomata could be seen individually 

or in confluent clusters. They ranged from microscopic, 

poorly delineated foci with little or no caseation and no 

fibrosis, to large caseous foci, and to highly mineralized, 

fibrotic lesions (Figs. 30-33). This range of lesions could 

be found within individual cases as well as among different 

cases. Complete regression and scarring of these lesions 

were not seen in any of the bison; those with highly 

mineralized, fibrotic lesions also had numerous foci of more 
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Figure 24. Foci of caseous necrosis (arrows) on the cut 
surface of the right caudal lung lobe of a bison 
with pulmonary tuberculosis in Wood Buffalo 
National Park. 

Figure 25. Confluent tubercles on the surface of the 
somatic pleura of a bison with advanced 
granulomatous pleuropneumonia caused by 
Mycobacterium bovis in Wood Buffalo National 
Park. 
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Figure 26. Cross-section of the left caudal lung lobe of a 
bison with advanced pu1monary tuberculosis in 
Wood Buffalo National Park. Formalin-fixed 
tissue. 

Figure 27. Cut-section of the pericardium of a bison 
showing granulomatous adhesion of the 
pericardia! sac (ps) to the epicardial surface 
of the left auricle (la) of the heart. Bovine 
tuberculosis. Formalin-fixed tissue. 
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Figure 28. Multifocal granulomatous hepatitis in a bison 
with generalized bovine tuberculosis in Wood 
Buffalo National Park. Formalin-fixed tissue. 

Figure 29. Multifocal granulomatous encephalitis due to 
bovine tuberculosis in a bison calf in Wood 
Buffalo National Park. There are large foci of 
caseous necrosis present (arrows). Formalin
fixed tissue. 

179 



' <. 



Figure 30. Photomicrograph of granulomatous lymphadenitis 
caused by Mycobacterium bovis in a bison from 
Wood Buffalo National Park. The inflammatory 
reaction is diffuse with little caseation and no 
fibrosis. H & E. XlOO. 

Figure 31. Photomicrograph of granulomatous lymphadenitis 
caused by Mycobacterium bovis in a bison from 
Wood Buffalo National Park. Diffuse 
inflammatory reaction with a giant cell and 
macrophages scattered within lymphoid tissue. H 
& E. X400. 
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Figure 32. Photomicrograph of a granuloma caused by 
Mycobacterium bovis in a bison from Wood Buffalo 
National Park. The lesion has a caseous center 
and is surrounded by fibrous connective tissue. 
H & E. X200. 

Figure 33. Photomicrograph of a granuloma caused by 
Mycobacterium bovis in a bison from Wood Buffalo 
National Park. There is extensive 
mineralization in the center of the lesion and 
abundant fibrous connective tissue surrounding 
the granuloma. H & E. XlOO. 
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acute, active granulomata. There was no evidence of healed 

lesions in any of the bison. 

Acid-fast bacilli were rare in granulomatous lesions in 

bison, even when those lesions were culture-positive. When 

found, the bacilli were in macrophages or giant cells 

surrounding caseous foci where there was little or no 

mineralization. They were also seen in macrophages in the 

central necrotic foci of brain lesions in the calf (W129) 

with granulomatous encephalitis. One to eight acid-fast 

bacilli per 100 oil-emersion fields were found in smears of 

decontaminated, centrifuged homogenate of lesions submitted 

for mycobacteriology. However, there was no apparent 

association between the numbers of acid-fast bacilli seen on 

smears and the number of M. bovis colonies recovered per 

tissue sample, except in the case of the one bison that died 

of tuberculosis and had up to 24 acid-fast bacilli per 100 

fields, and from 12 to over 200 colonies isolated, per 

tissue. 

4.4.4 Other pathologic findings in bison 

A variety of traumatic injuries were seen in bison in 

and around the park. Two bull bison had healing rib 

fractures, and one cow had a broken horn and a circular, 

healing puncture wound into the frontal sinus rostral and 

medial to the left eye. These lesions were presumed to have 

resulted from fighting with other bison. Two bison calves, 
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shot by hunters, had pre-existing skin and muscle 

lacerations in their hindquarters due to wolf bites. One of 

these calves had the end of its penis amputated and the 

proximal stump was exposed through a healing laceration in 

the preputial sheath. Another calf in the park had septic 

arthritis of the right elbow with fracture of the lateral 

epicondyle of the right radius. The skin puncture over the 

joint and the soil and plant material within the suppurative 

exudate suggested that the animal had forcefully impaled the 

leg on some object such as a tree limb. A castrated adult 

male bison was seen alive in WBNP. This was a very large 

bison with a preputial hair tuft, penile sheath and male 

horn configuration, but lacking a scrotum and having an 

unusually small horn diameter, such as that of a cow, which 

accentuated the length of the horns. The castration and 

secondary changes may have been the result of calfhood 

injury by wolves. 

Lungworms and peritoneal worms were commonly seen in 

bison at necropsy, and sarcocysts (Sarcocystis ~.)were 

seen histologically in myocardial and skeletal muscles of 

every bison except young calves. The lungworms and 

peritoneal worms in this bison population were previously 

identified as Dictyocaulus viviparus and Setaria labiato

papillosa, respectively (Choquette and Stewart 1959, Fulle.r 

1962). No significant lesions were associated with Setaria 

or Sarcocystis infections. Small, irregular foreign bodies 
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were occasionally found free 

these consisted of dead, 

in the peritoneal cavity, and 

partly-mineralized Setaria 

encapsulated in fibrous connective tissue. 

In most bison, very small numbers of lungworms were 

seen in the bronchi with no associated gross or histological 

lesions. However, mild verminous bronchitis was seen in two 

bulls (W13 and Wl4) and more severe lesions were present in 

one cow (W12). These cases were characterized grossly by 

numerous lungworms and frothy exudate in the airways, and 

pulmonary emphysema (Fig. 34). Histologically, there were 

lungworm larvae and large numbers of eosinophils in the 

lumen of bronchioles, emphysema, and alveolitis (Fig. 35). 

The distribution of lung lesions was patchy, but more 

pronounced in the caudal lobes. 

Cross-sections of a single nematode were found within 

the subarachnoid space of the cerebrum of one bison (WlS) 

during histological examination of the brain (Fig. 36). The 

parasite had a thin cuticle without alae or other 

embellishments, a thin hypodermis with lateral chords, 

smooth somatic musculature attached to the hypodermis, a 

pseudocoelom, and a simple digestive tube which contained 

erythrocytes. There was not sufficient material to identify 

the nematode in more detail, and no others were found in 

additional sections of the brain. There was no inflammatory 

host response to the presence of the nematode. 

All adult bison, but none of the calves or yearlings, 
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Figure 34. Adult lung worms (Dictyocaulus viviparus) in a 
bronchus (arrows) of a bison that had extensive 
verminous bronchitis. 

Figure 35. Lungworm larvae (Dictyocaulus viviparus) in the 
lumen of a bronchiole from a bison with 
verminous bronchitis. H & E. XlOO. 
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had arteriosclerotic plaques in the aorta. The hard, gritty 

lesions were up to 3 em in diameter, were raised above the 

intimal surface (Fig. 37), and were most extensive near the 

aortic arch but could be found as far caudally as the origin 

of the external iliac arteries. Some large plaques appeared 

to have been formed by the coalescence of several smaller 

plaques. Histologically, there was focal sclerosis and 

calcification in the tunica intima but the endothelium 

remained intact. The tunica media was involved in more 

extensive lesions and occasionally there was disruption of 

the normally regular pattern of elastin, collagen and 

cellular elements, with cartilaginous metaplasia at the site 

of the lesion. 

Six bison (W12, Wl3, W14, W17, W18) had chronic fibrous 

adhesions between somatic and parietal pleura and also 

between abdominal viscera, indicating the previous 

occurrence of pleuritis and peritonitis of indeterminant 

etiology. None of these bison had tuberculosis but two were 

culture-positive (Wl3, W17) and a third seropositive (W12) 

for brucellosis. Small foci of non-suppurative interstitial 

nephritis could be found in most bison but was never 

extensive. Sera screened for antibodies to Leptospira were 

negative (Kingscote pers. comm.). One bison (W13) had a 4 

mm diameter adenoma in the renal cortex of one kidney (Fig. 

38). Another bison (W133) had a 3.5 em diameter 

multilocular cyst on the diaphragmatic surface of the liver 
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Figure 36. Cross-section of an unidentified larval nematode 
(arrow) in the subarachnoid space of a bison. H 
& E. XlOO. (Insert of nematode X200). 

Figure 37. Arteriosclerotic plaque on the intimal surface 
of the aorta in a bison. 
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which consisted of greatly dilated bile ducts filled with 

clear transudate (Fig. 39). There was no parasitic tissue 

in the cyst and no evidence of inflammation or neoplastic 

change. One bull (W14) had uniformly enlarged thyroids with 

grossly visible follicles (up to 3 nun diameter). 

Histologically, there was extreme variation in the size of 

thyroid follicles, which were lined with flattened, 

atrophic epithelium and filled with colloid. These lesions 

were compatible with a diagnosis of colloid goitre. 

Only five bison necropsied in WBNP and the Slave River 

Lowlands were emaciated, and these had either advanced 

tuberculosis (W128, W133, W171) or were severely lame and 

suffering from multisystemic disease (W12, W13). The 

remainder of the 72 bison were in good body condition, based 

on subcutaneous and internal fat deposits, regardless of the 

time of year when they were examined. This indicated that 

bison habitat in the region provided adequate net energy 

intake to sustain bison throughout the year under the 

climatic conditions encountered during 1983-85. 

4.5 Discussion 

Sample acquisition was good considering the inherent 

limitations of an opportunistic collection, the great size 

of the study area, and the logistical difficulties of 

retrieving samples. The 164 bison found dead in this study 

193 



Figure 38. Adenoma in the renal cortex of a bison kidney. 
H & E. X40. 

Figure 39. Multilocular bile duct cyst in the liver of a 
bison. 
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does not reflect total mortality for 1983-85. Gates and 

Bergman (pers. comm.) estimated that 100-120 bison were shot 

in the Slave River Lowlands in the winter of 1984-85 based 

on reports from hunters or other people in Fort Smith, but I 

could only find and examine 24 of these. Gainer (1985) 

estimated that 65-120 bison were shot between Fort Vermilion 

and WBNP that same winter, but I could only find 33 of 

these. Huisman (pers. comm.) counted 38 drowned bison in 

Lake Claire in August of 1984, but I could only find 15 

carcasses three days later. Hence, as many as 372 dead 

bison might have been accounted for, without any estimate of 

the number of bison that died and were not found or 

reported. Regarding the disappearance of carcasses, a bison 

cow killed by wolves on March 28, 1984, was entirely 

consumed within 48 hours, and a bison bull that died as a 

result of disease on July 3, 1983, was entirely consumed by 

black bears within eight days. In some instances, poachers 

attempted to conceal their bison kill-sites. 

Of the 72 bison necropsied in and around WBNP, 18 (25%) 

had evidence of brucellosis and 15 (21%) had tuberculosis 

(two bison had both diseases). These are conservative 

estimates of disease prevalence in the sample because some 

carcasses yielded few tissues, thereby reducing the chance 

of finding the diseases. Because 78% of the sampled bison 

were killed by hunters and poachers who preferred younger 

bison that were in good body condition, the sample was 
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biased in favor of healthy animals. The portion of the 

bison sample killed by motor vehicles (7%) was likely 

unbiased in relation to disease. It is difficult to weight 

the degree of bias (in favor of disease detection) in the 

remaining lethal factors in the sample because the number of 

bison killed by wolves (4), park wardens (3), and disease 

(2) was a small portion of the sample. Fortuitously, the 

composition of the sample (23 bulls, 27 cows, 18 calves and 

6 adults of unknown sex) was sufficiently broad to 

adequately represent the population. The geographical 

distribution of the sample correlated with accessibility and 

human activity. Whether this restricted generalization of 

the survey results is not known. However, because 

brucellosis and tuberculosis are chronic diseases and 

because the bison travel and intermingle extensively, 

geographical aspects of sampling may not have influenced the 

extrapolation of results. The 95% confidence intervals 

taken from binomial distribution tables (Diem and Lentner 

1970) indicated that the prevalence of brucellosis in the 

entire population was 15.54 - 36.60% and the prevalence of 

tuberculosis was 12.16 - 32.02%. The combined prevalence of 

the two diseases was 31.43 - 55.27%. 

Brucella abortus was isolated from a wide range of 

lymphoid tissues from bison, similar to the distribution of 

the pathogen in infected cattle (Doyle 1935, Fitch et al 

1938, Washko et al -- 1952, Lambert et al 1960, Forbes 1983). 
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Because of this range of infected tissues, Nelson et al 

(1966) and Forbes (1983) recommend a broad sample collection 

from cattle 

would apply 

to maximize 

equally to 

diagnostic effectiveness. This 

bison collections. The relative 

frequency of isolating B. abortus from individual tissues 

could not be evaluated because of the small sample of 

infected bison and the variability in the number of tissues 

available from each carcass. The failure to isolate ~· 

abortus from reproductive tracts was not unexpected since 

none of the bull bison had orchitis or epididymitis 

suggestive of brucellosis, none of the cow bison had 

metritis, retained placenta, or had aborted, and because 18 

of the 27 cows were non-pregnant and the remainder were in 

early pregnancy. Reproductive tract lesions have been 

reported in other studies of bison in WBNP and elsewhere 

(Section 2.1.1). In cattle, B. abortus is usually isolated 

from the female reproductive tract only during late 

pregnancy, especially at the time of parturition or 

abortion, and for several weeks thereafter; it is not 

usually isolated from non-pregnant reproductive tracts 

(Fitch et al 1938, Kerr et al 1958, Stableforth and Galloway 

1959, Lambert et al 1960, Sparling and Stringfellow 1986). 

Brucellosis is 

reproduction in cattle 

reproductive performance 

best known for its effect on 

and bison (Section 2.1.1), and 

is poor in the park bison (Section 

2.3.2). However, it has not been possible to quantitatively 
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assess the contribution of brucellosis to the poor calf 

productivity based on an opportunistic study of free-ranging 

bison. Preliminary results of studies on brucellosis in 

captive bison in the USA demonstrated that infected bison 

aborted or produced weak calves (Hubers pers. comm.). 

Lesions associated with brucellosis in the bison, 

arthritis and hygromas, were similar to those reported in 

cattle (Mullen 1932, Doyle 1935, Lowbeer 1959, Fensterbank 

1978, Jubb et al 1985a). These lesions caused lameness and 

contributed to the emaciated condition of affected bison. 

Fuller (1962) reported that 2% of adult bison slaughtered in 

the park during the 1950's had arthritis. 

Brucella abortus biotypes 1 and 2 isolated from bison 

were identical to field strains reported in cattle, and no 

strains of B. abortus were found that could be considered 

unique to bison. However, biotype 2 has not been previously 

detected in Canadian livestock but is found in a small 

percentage of infected cattle in the USA (Harrington and 

Brown 1976). Urease-negative field strains of biotype 1 

have been found occasionally in cattle from a variety of 

other countries (Corbel and Hendry 1985) but not from 

Canada. The inability to split urea is a stable 

characteristic of Strain 544, the type strain of B. abortus 

originally isolated from a cow in the USA several decades 

ago (Meyer and Brinley-Morgan 1973). It appears that the 

strain from bison is also stable in this regard. The 

199 



urease-negative strain of biotype 1 and the biotype 2 

strains from bison are useful epidemiological markers 

because they have stable characteristics and because they 

have not been found elsewhere in Canada. The common strains 

of B. abortus biotype 1 {urease-positive) found in the bison 

will also be useful for epidemiological investigations on a 

more local scale. This has been the most common biotype in 

Canadian and American livestock {Harrington and Brown 1976; 

Forbes and Rigby pers. comm.). However, biotype 4 was more 

common than biotype 1 in western Canada {Forbes pers. comm.) 

and therefore the presence of biotype 1 in the bison may be 

a useful piece of information if the disease were found in 

adjacent cattle or other bison herds. 

Strains of B. abortus isolated from publicly-owned 

bison and elk in the USA have all been biotype 1 {Thorne et 

al 1979, Luchsinger et al 1980, Ewalt pers. comm.). The 

presence of additional strains of B. abortus in bison in 

WBNP and the Slave River Lowlands suggests that either B. 

abortus has been changing within the bison population or, 

more likely, that the bison were historically exposed to 

more than one source of infection. 

In Canada, the STAT, BPAT and CFT are accepted 

serological tests for the detection of brucellosis in both 

cattle and bison under the authority of the Animal Disease 

and Protection Regulations. Several bison from the WBNP 

area were positive on BPAT and had high antibody titres on 
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STAT and CFT for brucellosis. However, the sensitivity and 

specificity of the tests could not be evaluated from the 

limited sample. Evaluation of the serological responses of 

bison to B. abortus would be best obtained from experimental 

studies on captive bison. Preliminary results of trial 

infections in bison in the USA indicated that bison classed 

as infected, based on isolation of ~- abortus at necropsy, 

did show seroconversion on routine diagnostic tests (Davis 

pers. carom.). However, bison did not seroconvert ·as quickly 

as infected cattle, indicating that early infection in bison 

would not be detected by conventional serological tests. 

This suggests that serological test results for the bison in 

WBNP are likely a conservative estimate of the prevalence of 

exposure to ~- abortus. 

The distribution and 

appearance of lesions of 

the gross and microscopic 

bovine tuberculosis in bison were 

essentially the same as those described in cattle (Stamp 

1944, Stamp and Wilson 1946, McKay 1959, Lepper and Pearson 

.1973, Jubb et al 1985b, Thoen and Himes 1986). The 

predilection for lymph nodes of the head and thorax, and for 

the lungs, and the scarcity of lesions in mesenteric lymph 

nodes and abdominal organs, suggests that the respiratory 

tract is the major route of infection in bison. 

Granulomatous encephalitis and meningitis are uncommon 

manifestations of the early generalization of tuberculosis 

in cattle (Innes and Saunders 1962) but these lesions are 
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not unusual in human cases, particularly in children 

(Blackwood and Corsellis 1976). Brain lesions similar to 

those in the bison calf have been reported in tuberculous 

cattle (Hartley 1974). The entire carcass was not available 

for examination from the bison calf with granulomatous 

encephalitis. There were no lesions in the head or thoracic 

lymph nodes indicating that the primary complex may have 

been in either the liver or mesenteric lymph nodes. This 

suggests that the calf had been infected either congenitally 

or via the alimentary tract, possibly from drinking 

contaminated milk, as has been reported in cattle (Jubb et 

al 1985b). 

One bison died of generalized tuberculosis·and three 

others that were killed by wolves had extensive pulmonary 

tuberculosis or tuberculous encephalitis. The latter three 

bison would have soon died of tuberculosis had they not been 

killed by wolves. Therefore the deaths of 4 (5.6%) bison in 

the sample were attributed to tuberculosis. This concurs 

with a previous estimate of 4 6% mortality based on 

finding generalized tuberculosis in bison slaughtered in the 

park during the 1950's (Fuller 1962). The present study 

strongly suggests that there is a correlation between 

tuberculosis and wolf predation, and therefore the disease 

must be considered when accounting for proportional 

mortality due to predation. 

Bison that had brucellosis and tuberculosis were 
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widespread in WBNP and outside the park in the three areas 

where bison are known to cross the boundary (Section 3.0). 

Since the bison travel and intermingle extensively (Tempany 

and Cooper 1976, Collingwood and Millette 1977), and the two 

infectious diseases can be maintained for long periods in 

individual bison, the distribution of cases in this study 

indicates that brucellosis and tuberculosis are enzootic in 

the population throughout its range. Any differences in 

disease prevalence between geographical subgroups of bison 

would likely be a reflection of different population 

densities or age structure rather than any significant 

clustering of the diseases. 

Of the 164 dead bison found in and around WBNP, 100 

(61%) were killed, butchered and utilized by ·hunters and 

poachers. Of the 72 analysed carcasses, 56 were used for 

human consumption and of these, 15 had brucellosis and 9 had 

tuberculosis. Hunters did not wear gloves or take any other 

special precautions when processing dead bison. Hunters 

were seen puncturing hygromas and arthritic joints, opening 

subcutaneous abscesses, and cutting open caseous 

retropharyngeal lymph nodes, and then getting the contents 

of the lesions on their hands and knives, and on the meat. 

Brucella abortus or M· bovis were subsequently isolated from 

these lesions. Clearly, the potential for human infections 

exists. 
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5. 0 THE BRUCELLOSIS AND TUBERCULOSIS STATUS OF WOOD 

BISON IN THE MACKENZIE BISON SANCTUARY 

5.1 Abstract 

Postmortem examinations were done on 30 wood bison 

killed in the Mackenzie Bison Sanctuary. Sera were also 

obtained from another 21 wood bison that were chemically

immobilized in the same area. There was no gross, 

histological or bacteriological evidence of brucellosis or 

tuberculosis in any of the dead bison, and antibody titres 

to Brucella were not detected among the 50 sera from the 

wood bison. Statistical a~alyses and epidemiological 

information indicate that the wood bison population in the 

Mackenzie Bison Sanctuary is free of brucellosis and 

tuberculosis. The pregnancy rate in bison from the 

Mackenzie Bison Sanctuary was significantly higher than in 

bison from WBNP. 

5.2 Introduction 

The wood bison population in the Mackenzie Bison 

Sanctuary originated from 18 bison transplanted in 1963 from 

a small, remnant herd of wood bison discovered near the 

Nyarling River in WBNP (Novakowski 1978). Although the herd 

of origin had brucellosis and tuberculosis, the 18 wood 
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bison released into the Mackenzie Bison Sanctuary were 

negative on serological tests for brucellosis and on 

intradermal tuberculin tests. However, other wood bison 

that were negative on brucellosis and tuberculosis tests 

were subsequently found to have both diseases after being 

transplanted to Elk Island National Park in 1965 (Dixon and 

Henderson 1977). In 1982, no gross lesions of brucellosis 

or tuberculosis were found during postmortem examination of 

10 wood bison in the Mackenzie Bison Sanctuary. Serological 

test results on the same animals for brucellosis were 

negative; bacteriology and histology were not done 

(Broughton pers. comm.). The health status of the 

population was still uncertain. The purpose of the present 

study was to determine the brucellosis and tuberculosis 

status of the wood bison in the Mackenzie Bison Sanctuary 

and to compare it with that of the hybrid bison population 

in and around WBNP. 

5.3 Materials and methods 

In the Mackenzie Bison 

killed during 1986-87 for 

Sanctuary, 30 wood bison were 

research 

distribution of meat by officers of 

purposes and for 

the N.W.T. Wildlife 

Service under special permit. The sample was limited to 

adult female bison and young bison, with exclusion of adult 

bulls. The sample was obtained by stalking herds of bison 

205 



and shooting the nearest accessible animals. 

The list of tissues collected for histology and 

bacteriology was the same as that used in WBNP (Table 13). 

Blood samples were taken from a severed jugular vein or 

carotid artery immediately after each bison was killed. 

Serum was separated by centrifuge and then frozen for 

transport to the laboratory. Tissues for histology were 

preserved in 10% neutral buffered formalin, and those for 

bacteriology were frozen. 

Sera from an additional 21 bison were obtained from 

Drs. J. c. Haigh and c. Gates who had chemically immobilized 

the animals with carfentanyl as part of an unrelated study. 

This sample consisted of 10 mature cows captured in March, 

1986, and 10 cows and 1 bull captured in March, 1987. All 

serum samples were tested for the presence of Brucella 

antibodies using the standard tube agglutination test, the 

buffered plate antigen test and the direct complement 

fixation test as described by Forbes (1980). Brucella 

bacteriology was done on all tissue samples from each bison 

as described previously (Section 4.3.2). Retropharyngeal 

and bronchial lymph nodes from each of the first 10 wood 

bison were routinely cultured for mycobacteria using the 

methods previously described (Section 4.3.2). Other 

tissues, and those from the remaining 20 bison were only 

cultured for mycobacteria if .gross or histological lesions 

were seen. Formalin-fixed tissues were processed in 
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paraffin, sectioned at 6 ~' and stained with hematoxylin 

and eosin for light microscopic examination. Duplicate 

sections were to be stained by the Ziehl-Neelsen method if 

lesions were found. Standard diagnostic techniques were 

used to identify any other bacteria isolated from lesions in 

the bison. 

5.4 Results 

The sample of 30 bison killed in the Sanctuary was 

composed of 10 mature cows taken in March, 1986; 4 cows, 4 

calves~ 1 yearling and 1 old bull taken in December, 1986; 6 

cows, 2 yearlings, a 2-year-old cow, and a calf killed in 

March, 1987. The location where the wood bison were killed 

is shown in Fig. 13. The tissue samples collected from each 

bison are given in Table 22. In a few instances, some 

tissues were examined grossly but not collected because they 

were required for other studies by biologists. Sera were 

obtained from all of the bison except one cow that was 

wounded and found dead the next day. 

All of the bison were in excellent body condition, with 

abundant subcutaneous and internal fat deposits. Fifteen of 

the 20 mature cows were pregnant, and one other was 

lactating. No lesions were seen, except in one male calf 

that was severely lame at the time it was killed. . It had 

multiple bite wounds to both front legs and the left hind 
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Table 22: Tissues collected from 30 wood bison in the Mackenzie Bison 
Sanctuary, 1986-1987. 

.-I.-I 
Ill Ill 

~ -~ ~ u 
.j.l .-I ::l s:: Ill 
u ::l .-I g' >o 1-1 u ·..-i 
Ill .-I ·..-i .-I 
1-1 g.~H~~ Ill 1-1 H 
8 u 0 • ..c: ::l '"Cl ·..-i Q) u 

~ >o s:: Ull'!4-10...0·..-i..C:.j.JI-t·..-i 
1-1 Q) Q) 0 1-1 Ill Q) 1-1 0 •..-i .j.l u s:: Ill .j.l .-I 1-1 

"'Q) s:: Q) 1-1 Q) 1-14-IQJI-t'OOS::QJ~flllllQJ s:: :> '"Cl .-I 0.. '"Cl 0.. Q) 0.. .j.l s:: 1-1 0 Ul 0.. s:: .j.l 

Bison Date 
::l •..-i ·..-i 0.. Q) '"Cl ::l 1-1 ::l Q) Ill Ill 1-1 Q) Q) Q) s:: 

Serum ...:I...:I:O::tllC::::> tllll.tllC::::E;P.~::E;...:ItJ::Il'::H 

1. Cow Mar. 86 + + + + + + + + + + 0 + + + + + + + + 

2. Cow Mar. 86 + + + + + + + + + + + + + + + + + + + 

3. Cow Mar. 86 + + + + + + + + + + + + + + + + + + + 

4. Cow Mar. 86 + + + + + + + + + + 0 + + + + + + + + 

5. Cow Mar. 86 + + + + + + + + + + + + + + + + + + + 

6. Cow Mar. 86 + + + + + + + + + + + + + + + + 0 + + 

7. cow Mar. 86 + + + + + + + + + + + + + + + 0 + + + 

8. Cow Mar. 86 + + + + + + + + + + + + + + + + + + + 

9. Cow Mar. 86 + + + + + + + + + + + + + + + + + + + 

10. Cow Mar. 86 + + + + + + + + + + + + + + + + + + + 

11. Calf (M) Dec. 86 + + + + + NA + + + + + + + + + + + + + 

12. Calf (F) Dec. 86 + + + + + NA + + + + + + + + 0 + + 0 + 

13. Calf (F) Dec. 86 + + + + + NA + + + + + + + + 0 + + + + 

14. Cow Dec. 86 + + + + + + + + + + + + + + + + + + + 

15. Bull Dec. 86 + + + + + NA + + + + + + + + + + 0 + + 

16. Yearling (M) Dec. 86 + + + + + NA + + + + + + + + + 0 + + + 

17. Calf (M) Dec. 86 + + + + + NA + + + + + + + + + + + + + 

18. Cow Dec. 86 + + + + 0 + + + + + + + + 0 + 0 0 + 0 

19. Cow Dec. 86 + + + + + + + + + + + + + + + + + + + 

20. Cow Dec. 86 + + + + + + + + + + + + + + + + + + + 
----- ----~----- ------- ~---- L____--~-
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Table 22: Tissues collected from 30 wood bison in the Mackenzie Bison 
Sanctuary, 1986-1987. (Continued) 
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C1l +l ...... 1-1 
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...:lll::~H Serum 

21. cow Mar. 87 

22. cow Mar. 87 

23. Cow Mar. 87 

24. Cow Mar. 87 

25. Cow Mar. 87 

26. Cow Mar. 87 

27. Cow (2 yrs) Mar. 87 

28. Yearling (M) Mar. 87 

29. Yearling (F) Mar. 87 

30. Calf (F) Mar. 87 

+ = tissue collected 
o = tissue not available 
NA = tissue not applicable 

+ + + + 0 0 + + + + + + + + + + 0 + + 

+ + + + + 0 + + + + + + + + + 0 + + + 

+ + + + + 0 + + + + + + + + + + + + + 

+ + + + + 0 + + + + + + + + + + + + + 

+ + + + + 0 + + + + 0 + + + + + 0 + + 

+ + + + + 0 + + + + + + + + + + 0 + + 

+ + + + + 0 + + + + + + + + + + 0 + + 

+ + + + + NA + + + + + + + + + + + + + 

+ + + + + NA + + + + + + + + + + + + + 

+ + + + + NA + + + + + + + + + + 0 + + 
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leg, with extensive subcutaneous edema, intramuscular 

hemorrhage and necrosis, and enlargement of the 

suprascapular, left prefemoral, and left internal iliac 

lymph nodes. There was fibrinous arthritis of the left hock 

joint, which had been punctured, and a palpable fracture of 

the left carpal joint. Pasteurella multocida was isolated 

from one suprascapular lymph node. Wolf predation is known 

to occur in the Mackenzie Bison Sanctuary and the remains of 

three freshly killed bison were seen during the collection 

period. 

There were no gross, histological, or bacteriological 

evidence of brucellosis or tuberculosis in any of the 30 

wood bison. The STAT, BPAT and CFT results were negative 

for all 50 sera collected. 

5.5 Discussion 

There was no evidence of brucellosis or tuberculosis in 

the sample of wood bison from the Mackenzie Bison Sanctuary. 

The 95% confidence intervals from binomial distribution 

tables (Diem and Lentner 1970) indicate that if the diseases 

were present, they probably occurred in only a small 

proportion of the population: 0 - 7.11% brucellosis based 

on serology or 0 - 11.57% based on bacteriology; 0 - 11.57% 

tuberculosis. Broughton (pers. comm.) did not find 

brucellosis or tuberculosis in 10 wood bison in 1982, and 
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this further reduces the likelihood of the diseases being 

present when added to the present data. If present, the 

diseases would have had to originate with the 18 wood bison 

transplanted to the Mackenzie Bison Sanctuary in 1963, since 

there has not been contact between infected livestock or 

hybrid bison and the wood bison. However, if brucellosis 

and tuberculosis were present in the population since 1963, 

the diseases would be enzootic, with a high prevalence 

similar to that in hybrid bison in and around WBNP. This 

study indicated a statistically significant difference (a = 
.01) in the prevalence of the diseases between the WBNP 

(Chapter 4) and Mackenzie Sanctuary populations. This 

supports a conclusion that the diseases are not merely rare 

in the wood bison population, but that they are absent. 

This implies that the expanding wood bison population is at 

risk of contracting brucellosis and tuberculosis from the 

hybrid bison in and around WBNP. 

The pregnancy rate in the sample of wood bison from the 

Mackenzie Bison Sanctuary was significantly higher (a= .01) 

than in the sample of hybrid bison from WBNP (Chapter 4). 

The geographically proximate populations are subject to 

similar conditions of climate and habitat. The most obvious 

difference between the populations is the high prevalence of 

brucellosis and tuberculosis in bison from WBNP and the 

absence of 

Sanctuary. 

these diseases in bison from the Mackenzie Bison 

Given the effect of these diseases on bison 
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(Sections 2.1.1 and 2.1.2), it would be reasonable to assume 

that the diseases contribute to the lower pregnancy rate in 

bison in WBNP. 
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6. 0 STUDIES ON BRUCELLOSIS AND TUBERCULOSIS IN OTHER 

WILDLIFE IN AND AROUND WOOD BUFFALO NATIONAL PARK 

6.1 Abstract 

A survey for B. abortus and M. bovis infection in 

wildlife was conducted in and around WBNP. The 808 animals 

examined included 698 rodents and shrews, 37 red foxes, 13 

wolves, 13 fishers, 12 black bears, 8 martens, 7 lynx, 5 

moose, 4 mink, 4 woodland caribou, 2 coyotes, 2 wolverines, 

a woodchuck, a red squirrel, and a raven. B. abortus was 

isolated from tissues of four wolves, a fox and a moose. 

One wolf had the urease-negative strain of B. abortus 

biotype 1, and the other three wolves, the fox and the moose 

had standard strains of biotype 1. These strains were 

identical to those found in the bison in WBNP. There were 

no lesions associated with B. abortus infection in the 

wolves or the fox, but the moose was severely emaciated, had 

suppurative pleuritis and peritonitis, and pure cultures of 

B. abortus were recovered from abscessed lymph nodes. This 

concurred with previous case reports suggesting that bovine 

brucellosis is a severe, usually fatal disease in moose. 

This was the first report of B. abortus in wolves and in 

North American foxes. One other wolf had extensive 

mineralization and fibrosis of the mesenteric lymph nodes 

that may have been due to tuberculosis, but M. bovis was not 
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isolated and histological detail was lost because of 

freezing artifacts. The results of the survey indicate that 

wolves, foxes 

hybrid bison 

and moose can contract brucellosis from the 

in WBNP. The lack of B. abortus and M. bovis 

in the other wildlife species concurred with the scientific 

literature which has identified only a narrow range of 

primary hosts for B. abortus and M. bovis. 

6.2 Introduction 

Brucella abortus and Mycobacterium bovis have a 

relatively narrow range of primary hosts. However, under 

some circumstances, a broader range of wild and domestic 

animals can contract these diseases and/or develop humoral 

and cellular immune responses to these bacteria (Section 

2.2). The evolution of species and strains within the genus 

Brucella may, in part, have resulted from adaptation to new 

hosts (Meyer, 1976a,b,c,d). The discovery of new strains of 

Brucella, and new host species for brucellosis and 

tuberculosis, is useful in understanding the biology and 

epidemiology of these diseases and in controlling them. 

WBNP provides a unique opportunity in this regard: a 

variety of wildlife species share habitat with, prey upon, 

or scavenge from, the bison population which harbors B. 

abortus and M. bovis. 
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6.3 Materials and methods 

All animals examined, except rodents, were 

opportunistically collected in accordance with Parks Canada 

and N.W.T. Wildlife Service permits. This included wildlife 

that died as a result of hunting, trapping and motor vehicle 

accidents in, and adjacent to, WBNP. Serum samples were 

obtained from black bears that were chemically-immobilized 

by park wardens. 

Trapping of rodents was permitted for research 

purposes. Two types of rodent collections were done: a 

deliberately biased sample was taken in areas heavily 

utilized by bison, and a random sample was taken in 

conjunction with an independent study of small mammal 

populations along the Slave River drainage corridor (LGL 

Environmental Research Associates, Edmonton). Rodents were 

caught in snap traps baited with a mixture of peanut butter 

and rolled oats. They were identified according to 

descriptions of the species by Burt and Grossenheider 

(1964), Banfield (1974), and Glass (1974). 

Animals were examined at postmortem, and samples of 

organs and all major lymph nodes were collected. A small 

portion of each tissue was preserved in 10% neutral buffered 

formalin for histology, and the remainder was frozen and 

sent to the Animal Pathology Laboratory for bacteriology. 

The fixed tissues were processed in paraffin, sectioned at 6 
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~, and stained with hematoxylin and eosin for light 

microscopic examination. Duplicate sections were stained by 

the Ziehl-Neelsen method (Luna 1968) whenever lesions were 

seen. Sections of Mycobacterium avium-infected tissues were 

used as controls during the Ziehl-Neelsen staining 

procedure. The liver, kidneys and spleen of 10 rodents were 

pooled according to species and trap location. Other 

animals were evaluated individually: the palatine tonsils 

and retropharyngeal lymph nodes were pooled as one sample, 

the suprascapular and axillary lymph nodes were pooled as 

one sample, and each of the other tissues from one animal 

were examined separately. Brucella bacteriology was done in 

all cases using the methods previously described for bison 

(Section 4.3.2). Mycobacteriology was only done on tissues 

with gross or histological 

mycobacterial 

4.3.2). Blood 

isolation 

samples 

lesions. Techniques used for 

were described previously (Section 

were collected from black bears 

chemically immobilized with ketamine and xylazine; sera were 

separated by centrifugation, frozen, and sent to the 

laboratory. Brucella antibody levels were evaluated by the 

standard tube agglutination test, buffered plate antigen 

test, and the direct complement fixation test as described 

by Forbes (1980). 
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6.4 Results 

A total of 808 animals were examined, including 690 

rodents and 10 pigmy shrews (Microsorex hoyi), 37 red foxes 

(Vulpes vulpes), 13 wolves (Canis lupus), 13 fishers (Martes 

pennanti), 12 black bears (Ursus americanus), 8 martens 

(Martes americana), 7 lynx (Lynx lynx), 5 moose (Alces 

alces), 4 mink (Mustella vison), 4 woodland caribou 

(Rangifer tarandus caribou), 2 coyotes (Canis latrans), 2 

wolverines (Gulo gulo), and a raven (Corvus corax). The 690 

rodents consisted of 401 white-footed deer mice (Peromyscus 

maniculatus), 201 red-backed voles (Clethrionomys gapperi), 

78 meadow voles (Microtus pennsylvanicus), 6 heather voles 

(Phenacomys intermedius), 2 meadow jumping mice (Zapus 

hudsonius), a woodchuck (Marmota monax) and a red squirrel 

(Tamiasciurus hudsonicus). Of the 12 black bears examined, 

6 were necropsied and the other 6 provided serum only. The 

locations where animals were obtained are shown in Fig. 40. 

The number of rodents trapped at each site is given in Table 

23, and complete data for all other species are given in 

Appendix c. 

Brucella abortus was isolated from tissues of 4 of the 

13 wolves, 1 of the 37 red foxes, and 1 of the 5 moose 

examined. All of the B. abortus isolates were biotype 1, 

and the strain from one wolf was urease-negative. These 

strains were indistinguishable from those found in the 
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Figure 40. Map showing location where species of wildlife 
were collected for studies on brucellosis and 
tuberculosis in and around Wood Buffalo National 
Park. 
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Table 23: Location, genus and number of small mammals trapped in and around 
Wood Buffalo National Park. For locations, the letters refer to 
sites shown in Figure 40. Locations A-D were biased in favor of 
finding rodents with brucellosis and/or tuberculosis. 

LOCATION NUMBER AND GENUS OF RODENTS TRAPPED AT LOCATION 

Clethrionom~s Perom~scus Microtus Other 

A 3 4 4 0 
(Bison Creep) 

B 3 40 9 6 Phenacom~s 
(Sweetgrass) 16 47 8 3 Microsorex 

14 16 7 1 Zapus 

c 1 24 1 0 
(Hay Camp) 32 42 4 1 Tamiasciurus 

D 0 10 0 0 ! 

(Grand Detour) 19 27 1 0 

E 9 20 2 3 Microsorex 
F 12 11 3 0 
G 14 21 12 1 Zapus 

4 Microsorex 
H 0 4 0 0 
I 4 7 0 0 
J 0 10 1 0 
K 0 8 0 0 
L 3 0 0 0 
M 7 12 0 0 
N 49 72 15 0 
0 15 26 11 0 

-- ··- ---- - - --~------

Total 201 401 78 19 
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bison. In the wolves, ~· abortus was recovered from the 

palatine tonsils/retropharyngeal lymph nodes of one adult 

male (W185), the suprascapular/axillary lymph nodes of 

another adult male (W37), and from all of these tissues of 

an adult female (W184). The fourth wolf, an adult female 

(W60), had~· abortus in all of these tissues and in the 

mandibular, internal iliac, superficial inguinal, and 

popliteal lymph nodes. In the red fox, B. abortus was 

isolated from the palatine tonsil/retropharyngeal lymph 

nodes. There were no gross or histological lesions 

associated with B. abortus-infection in the wolves or the 

fox. These animals were in good body condition except the 

fourth wolf (W60) which was very lean and which had a healed 

stump where the left front paw had been previously amputated 

at the carpus. Two of the wolves (W184, W185) had bison 

skin and hair in their stomach. The location where these 

culture-positive animals were trapped is shown in Fig. 40. 

The B. abortus-infected moose was shot near Sweetgrass 

Landing in WBNP. The hunter said that the adult female 

moose was extremely emaciated and, when he butchered the 

animal, he saw a large amount of pus in the thoracic and 

abdominal cavities. He said that the animal was not fit for 

human consumption, so he gave the carcass to his dogs. 

Fortunately, the hunter left the head and neck of the moose 

in a snow bank beside his cabin. All of the lymph nodes in 

the head of the moose were enlarged and the parotid and 
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retropharyngeal lymph nodes were abscessed (Fig. 41). A 

pure culture of B. abortus biotype 1 was obtained from the 

parotid, mandibular, medial retropharyngeal and lateral 

retropharyngeal lymph nodes. It was not possible to 

describe the histological appearance of the lesions because 

of extensive freezing artifacts in the tissues. 

None of the other animals examined had any evidence of 

brucellosis. Sera from the six chemically-immobilized black 

bears, and from two other bears that were shot and 

necropsied, were all negative on Brucella STAT, BPAT, and 

CFT. 

There was no gross or histologic evidence of 

tuberculosis in any of the animals with the possible 

exception of one adult female wolf (W303) that had been 

snared in the Slave River Lowlands (Fig. 40). The 

mesenteric lymph nodes of this wolf were shrunken, fibrotic 

and contained multiple small foci of calcification. 

Histological details of the lesions were obliterated by 

extensive freezing artifact, but it was observed that the 

highly mineralized foci were found singly or in confluent 

groups, and were surrounded by dense fibrous connective 

tissue. No mycobacteria or other bacterial pathogens were 

isolated from the mesenteric lymph node lesions and no acid

fast bacilli were seen in paraffin sections or in 

centrifuged tissue homogenate. 

Two woodland caribou had pale, multifocal lesions in 
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the cortices of the medial retropharyngeal lymph nodes. No 

mycobacteria or other pathogenic bacteria were isolated from 

the lesions, and no acid-fast bacilli were found. 

Histologically, the lesions consisted of multiple small 

eosinophilic club colonies surrounded by giant cells, 

macrophages, epithelioid cells and fibrous connective tissue 

(Fig. 42). Small, Gram-negative rods were seen in paraffin 

sections stained by the Brown and Brenn method. These 

histological findings suggested that the lesions may have 

been caused by Actinobacillus §2., and that they were not 

caused by Mycobacterium ~· 

Coincidental lesions and parasites were seen in several 

of the animals that were collected. One adult bull moose 

(W135) had a 10 em diameter cutaneous fibroma on its left 

flank, and another bull moose (W182) had a 3 em diameter 

subcutaneous abscess and fistulous tract just distal to the 

right stifle joint. Corynebacterium pxogenes was isolated 

from the suppurative exudate. One female wolf (W60) had a 1 

em diameter bile duct cyst in its liver, and a second wolf 

(W169) had several small congenital cysts in both kidneys. 

A mature male black bear (W93) had a few microscopic lung 

lesions consisting of focal aggregations of large, foamy 

macrophages in the alveolar spaces and parenchyma beneath 

the pleura. These lesions resembled those of endogenous 

lipid pneumonia in domestic species (Fig. 43). 

Nematode larvae that looked similar to Trichinella 
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Figure 41. Suppurative lymphadenitis in a retropharyngeal 
lymph node of a moose in Wood Buffalo National 
Park. Brucella abortus biotype 1 was isolated 
from the exudate and lymph node. 

Figure 42. Photomicrograph of focal granulomatous 
lymphadenitis with club colonies in the 
retropharyngeal lymph node of a woodland caribou 
in Wood Buffalo National Park. H & E. XlOO. 
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Figure 43. Photomicrographs of a pu~onary lesion 
resembling endogenous lipid pneumonia in a black 
bear. The lower figure gives a higher 
magnification of large macrophages with foamy 
cytoplasm (arrow) within an alveolar space. H & 
E. X200 (upper figure) and X400 (lower figure). 
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spiralis were seen within cysts in masseter and diaphragm 

muscles of one male wolf (W37). Sarcocystis ~· cysts were 

present in the myocardia of two adult, female, woodland 

caribou (W123, W124) but not in their calves (W121, W122). 

Unexpectedly, structures identical to mature Sarcocystis ~· 

cysts were seen in the myocardium of one red fox (W42) and 

one wolverine (W36). Filarial worms (Dirofilaria ursi) were 

found in all six black bears that were necropsied; the adult 

worms were usually seen in connective tissue around the 

esophagus and great vessels, in the abdominal cavity, and in 

perirenal connective tissue. Histologically, small numbers 

of nematodes were seen within the lumen of bronchioles of a 

mink (W35), three fishers (W46, W47, W48), a woodland 

caribou calf (W121), a black bear (W90), and a lynx (W34). 

These parasites were not identified. 

6.5 Discussion 

This is the first time 

reported in wolves, and the first 

that B. abortus has been 

time that B. abortus has 

been isolated from wild foxes in North America. In Britain, 

Davies et al (1973) found Brucella antibody titres in 8 of 

87 wild foxes (Vulpes vulpes) and isolated B. abortus 

biotype 1 from 1 of the seropositive foxes. The bacterium 

has also been isolated from wild grey foxes in Argentina 

(Szyfres and Tome 1966). In both countries, foxes were 
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collected from sites where infected cattle were on pasture. 

Brucella antibody titres have been reported in foxes and 

wolves in Alaska but these titres were attributed to 

exposure to B. suis biotype 4 (Neiland 1975). The presence 

of brucellosis in wolves and foxes in WBNP is likely the 

result of infection from predation or scavenging on bison. 

This was strongly supported by the biotyping results which 

showed the same strains, typical biotype 1 and urease

negative biotype 1, in wolves, the fox, and the bison. The 

study demonstrated that wild wolves and foxes can be 

naturally infected with B. abortus from contact with bison. 

However, the role, if any, of these carnivores in the 

maintenance and spread of brucellosis is not known. 

Experimental and field studies on brucellosis in other canid 

spe~ies suggests that wolves and foxes are not primary hosts 

of ~· abortus and do not play a significant role in the 

epizootiology of the disease in regard to cattle or bison 

under natural conditions (Section 2.2.1). 

There was no evidence that B. abortus affected the 

condition of the wolves or the fox at the time they were 

trapped. Brucellosis has caused abortions in foxes on fur 

farms where they were fed meat, offal and fetuses from 

infected cattle (Rementsova 1962), and abortion, orchitis 

and arthritis have been documented in domestic dogs infected 

with ~· abortus (Clegg and Rorrison 1968, Hall 1974, Taylor 

et al 1975, Bicknell et al 1976). Therefore the infection 
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might produce clinical disease in some wild wolves and 

foxes. It is not known if trappers are at risk of getting 

undulant fever by handling and skinning infected wolves or 

foxes, or whether their dogs might become infected by eating 

the skinned carcasses of foxes and wolves. 

The case of B. abortus biotype 1 infection in a moose 

in WBNP provides corroboration of previous reports which 

indicate that bovine brucellosis is a severe, usually fatal, 

disease in moose {Fenstermacher and Olson 1942, Jellison et 

al 1953, Corner and Connell 1958). Brucella antibody titres 

have not been found in healthy moose. One explanation might 

be that few moose recover after exposure to the pathogen 

{Corner and Connell 1958). It could not be proven that the 

suppurative pleuritis and peritonitis described in the moose 

by the hunter was caused by B. abortus. However, the 

suppurative lymphadenitis, with recovery of pure cultures of 

~· abortus from the affected lymph nodes, demonstrated the 

pathogenic capability of the bacterium in the moose and 

suggested a correlation with the other lesions. 

Hudson et al {1980) did not find Brucella antibody 

titres in moose that shared range with infected cattle. 

They concluded that the absence of titres was either because 

of the fatal nature of the disease in moose, or because 

there was little opportunity for disease transmission 

because of the grazing habits of cattle versus the browsing 

preference of moose. The latter possibility of ecological 
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isolation between cattle and moose would not apply to bison 

and moose in WBNP. There are extensive mixed vegetation 

zones in WBNP that provide both grazing and browsing habitat 

shared by moose and bison. Furthermore, although bison are 

primarily grazers, they are less selective in their diet 

compared to other ungulates; during some seasons, willow 

(Salix §E2.) browse constituted up to eight per cent of the 

diet of hybrid bison in the Slave River Lowlands (Reynolds 

et al 1978). The diseased moose was found near Sweetgrass 

Landing, an area frequented by large numbers of bison and by 

moose. The biotyping results strongly support the 

contention that bison were the source of infection for the 

moose. 

The cause of the extensive mineralization and fibrosis 

in the mesenteric lymph nodes of one wolf could not be 

determined. Mycobacteriosis would certainly be included in 

the differential diagnosis, and alimentary infection with M. 

bovis would be a leading possibility. Bovine tuberculosis 

was found in two wolves in Riding Mountain National Park, 

Manitoba, in 1978, and both animals had extensive mesenteric 

lymph node involvement (Carbyn 1982). Because the wolves in 

WBNP prey on tuberculous bison, a larger sample of wolves 

may well have provided diagnostic confirmation of M· bovis 

infection in the wolf population. The disease may 

occasionally occur in foxes in WBNP that scavenge on bison 

carcasses, since bovine tuberculosis has occurred in foxes 
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on fur farms where tuberculous meat and offal was used for 

feed (Kingscote 1936, Lovell and White 1941, Soldatova 1964) 

and in wild foxes in Europe (Nabholz 1957, Bouvier 1963, 

Little et al 1982a). 

There was no evidence of bovine brucellosis or 

tuberculosis in any other mammals that were collected. This 

concurs with results of a survey of the scientific 

literature (Section 2.2) which indicates that B. abortus and 

~· bovis have a very narrow range of primary host species in 

free-ranging North American wildlife. If these diseases 

were eliminated from the hybrid bison population, they would 

also disappear in other species and no lasting nidus of 

infection would remain in other wildlife species. 
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7.0 THE BRUCELLOSIS STATUS OF CATTLE NEAR WOOD BUFFALO 

NATIONAL PARK AND THE MACKENZIE BISON SANCTUARY 

7.1 Abstract 

Cattle on Ryan Island, Alberta, adjacent to WBNP, and 

at Mills Lake, Northwest Territories, near the Mackenzie 

Bison Sanctuary, were tested for brucellosis. None of the 

140 sera reacted on the buffered plate antigen screening 

test for brucellosis. The status of the two cattle herds 

indicated that brucellosis had not been transmitted from 

diseased hybrid bison in the park region to the cattle, and 

that the cattle at Mills Lake were not a potential source of 

brucellosis for 

Sanctuary. 

7.2 Introduction 

wood bison from ·the Mackenzie Bison 

Cattle, as primary hosts of B. abortus (Meyer 1966b), 

are highly susceptible to infection and can act as a 

reservoir of infection. The hybrid bison population in and 

around WBNP is the only known reservoir of bovine 

brucellosis in Canada and represents a potential source of 

infection for nearby cattle. The largest cattle population 

near the park is in the Fort Vermilion agricultural zone. 

Between 1972 and 1978, brucellosis was diagnosed in nine 
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cattle herds 

herds became 

in this 

infected 

zone: trace backs found that seven 

through addition of diseased cattle 

from outside the zone; the source of infection for the other 

two herds was never found (Coupland pers. comm.). A 

complete area testing program in 1978 found no further 

evidence of brucellosis in the cattle population. Since 

then, cattle in the Fort Vermilion area have been monitored 

by conventional testing strategies, including the Market 

Cattle Test program, conducted by veterinarians for 

Agriculture Canada. 

Two herds of cattle in proximity to free-ranging bison 

had not been tested for brucellosis. One farm is on Ryan 

Island, Alberta, adjacent to the east boundary of WBNP and 

the other is on the north shore of Mills Lake, Northwest 

Territories, near the Mackenzie Bison Sanctuary (Fig. 2). 

There was concern from the owners and agricultural agencies 

that cattle on Ryan Island might contract brucellosis from 

bison or other wildlife from WBNP. The N.W.T. Department of 

Renewable Resources was concerned that cattle at Mills Lake 

might have brucellosis and transmit the disease to wood 

bison that wandered into the area from the Mackenzie Bison 

Sanctuary. However, since the brucellosis status of the 

wood bison was not known, it was also potentially possible 

for the disease to be transmitted to the cattle from the 

wood bison. Because of these concerns, both cattle herds 

were tested for brucellosis. 
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7.3 Materials and methods 

Cattle at both farms were run through a chute system 

and given official ear tags supplied by Agriculture Canada. 

Blood samples were collected from the caudal vein using 

Vacutainer4 collection tubes and each blood vial was 

labelled with the corresponding ear tag number. Sera were 

separated by centrifugation and sent on ice to the Animal 

Pathology Laboratory, Saskatoon, via express air service. 

Serum test report forms were filled out at the time of the 

blood collection to match the ear tag numbers, sex and 

identifying characteristics of each animal with the 

appropriate serum sample. The buffered plate antigen test 

(Forbes 1980) was used to screen each serum sample for the 

presence or absence of Brucella antibodies. Positive sera 

would be evaluated further using the standard tube 

agglutination test and complement fixation test (Forbes 

1980). 

7.4 Results 

There were approximately 150 cattle on unfenced range 

at Mills Lake, but the owner could only find and round up 

115 of these. Fifteen were marked for local slaughter and 

4 Becton Dickinson Vacutainer Systems, Rutherford, New 
Jersey 07070, USA. 
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the remaining 100 cows were ear tagged and blood samples 

were collected. The 98 sera suitable for testing were all 

negative on the buffered plate antigen test for brucellosis. 

The herd on Ryan Island consisted of 40 cows and 

heifers, approximately 20 calves, 10 steers and one bull. 

The owners were able to round up 33 cows and heifers and 9 

steers. The 42 

were collected. 

cattle were 

All 42 

brucellosis screening test. 

7.5 Discussion 

ear tagged and blood samples 

sera were negative on the 

The results of the test indicated that the two cattle 

herds were free of brucellosis and therefore had not 

contracted the disease from the hybrid bison or other 

wildlife, and were not a threat to the brucellosis-free 

status of the wood bison in the Mackenzie Bison Sanctuary. 

The results were not unexpected based on the history and 

locations of the two herds of cattle. The Mills Lake 

animals were purchased in northern British Columbia after 

the province was declared free of brucellosis in 1979. The 

cattle on Ryan Island were purchased in northern Alberta. 

If these latter cattle had brucellosis, it would have more 

likely been introduced with them rather than from bison in 

WBNP. The bison in the park have rarely been seen within 15 

km of the island and have never crossed onto the island by 
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swimming or by walking on the ice. Recently a herd of 

approximately 80 bison was chased by wolves from the Hay 

Camp meadows to the Fort Fitzgerald area near the island, 

but this was an unusual event, and the bison moved back into 

the park shortly thereafter (Huisman pers. comm.). The 

owners of the farm on Ryan Island reported that wolves and 

foxes regularly crossed the ice onto, and from, the island. 

Although ~· abortus was isolated from four wolves and a fox 

in the park area (Chapter 6.0), there has not been a 

substantiated instance of natural transmission of 

brucellosis from wild or domestic canids to cattle. The two 

herds were not appropriate sentinel herds for measuring the 

potential spread of brucellosis because both were 

geographically isolated from contact with infected bison, 

the primary reservoir, in the region. 

cattle were not a source of B. abortus 

that might have had contact with them. 
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8. 0 ESSENTIAL TRACE METAL LEVELS AND HEAVY METAL LEVELS 

IN HYBRID BISON IN WOOD BUFFALO NATIONAL PARK 

AND IN WOOD BISON IN THE MACKENZIE BISON SANCTUARY 

8.1 Abstract 

Trace metal and heavy metal levels were evaluated in 

liver and kidney samples from 16 hybrid bison in and 

adjacent to WBNP, and from 20 wood bison from the Mackenzie 

Bison Sanctuary. Levels of copper and selenium in livers 

and kidneys, and manganese in livers, were significantly 

lower in bison from WBNP than from the Mackenzie Bis·on 

Sanctuary. Zinc concentrations in livers were significantly 

higher in bison from the park. Arsenic, cadmium, lead and 

mercury levels were 50- to 100-fold below toxic levels 

reported in tissues from cattle. No other studies of trace 

element levels in bison have been found for comparison with 

these findings. Comparison with values from cattle suggests 

that neither of the two bison population samples were 

deficient in copper, manganese, selenium or zinc, but 

selenium levels in both groups, and manganese levels in 

bison from WBNP, would be considered marginal. 

8.2 Introduction 

The hybrid bison population in WBNP and the Slave River 
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Lowlands has declined markedly since the early 1970's 

(Sections 2.3.2 and 2.3.3). During the same period, the 

wood bison population in the Mackenzie Bison Sanctuary has 

increased exponentially (Section 2.3.4). Flooding in the 

Peace-Athabasca Delta (WBNP) in 1957, 1961 and 1974 drowned 

an estimated 500, 2000, and 3000 bison, respectively (park 

files). These point sources of mortality do not account for 

the continuous decline in the number of bison over the broad 

time interval. There has been speculation that diseases, 

wolf predation, winter severity, and hunting pressure have 

caused the decline in the bison population. 

A more recent suggestion for the decline in the number 

of bison is that the habitat has deteriorated due to changes 

in the hydrology of WBNP (Carbyn in preparation, Leonard 
-

pers. comm.). This would imply that the quantity and/or 

quality of feed in the park is inadequate for the bison. 

The present study found that all but the severely diseased 

bison were in good body condition in all seasons during 

1983-1985 (Section 4.4.4), and therefore energy intake and 

quantity of feed were adequate. However, feed quality has 

not been fully evaluated. Sedges and reedgrasses in the 

region are low in selenium (Shaw and Reynolds 1985). There 

are no available reports of trace metal levels in tissues of 

free-ranging or captive bison. The purpose of this study 

was to establish baseline values of essential trace metals 

and toxic heavy metals in bison tissues from WBNP and the 
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Mackenzie Bison Sanctuary, and to draw preliminary 

comparisons between the two different bison populations and 

between bison and cattle. 

8.3 Materials and methods 

Liver and kidney samples were collected from 20 wood 

bison (14 cows, 4 calves, a bull and a yearling) in the 

Mackenzie Bison Sanctuary and from 16 hybrid bison (7 cows, 

6 calves and 3 bulls) from WBNP and the west side of the 

Slave River Lowlands adjacent to the park. The 200 g 

samples of each organ were sent frozen to the Animal 

Pathology Laboratory, Saskatoon, for trace metal analyses. 

Samples were stored in Whirl-pak bags5 at -20 c until 

analysed. 

Levels of arsenic, cadmium, copper, lead, manganese, 

mercury, selenium and zinc in livers and kidneys were 

measured by atomic absorption spectrometry using a Varian 

975 AA6 equipped with the VGA hydride generation accessory, 

graphite furnace, and standard flame. The analytical 

methods used were: flame for zinc; graphite furnace for 

cadmium and lead; cold vapour for mercury; hydride 

generation for arsenic and selenium. An automated sample 

5 Distributed by Fisher Scientific, 112 ch. Colonnade 
Road, Nepean, Ontario K2E 7L6 

6 Varian Techtron 
Australia 

Limited, 
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digestion procedure (Salisbury and Chan 1985) was used to 

prepare the tissues for analysis. The operational settings 

and detection limits for the atomic absorption unit were 

those recommended by the manufacturer. The analyses were 

standardized using Fisher Certified AA Standards? for each 

metal, and National Bureau of Standards bovine liver No. 

1577a8. Values were reported in parts per million (ppm) on 

a wet weight basis. 

8.4 Results 

Trace metal levels in liver and kidney samples from 

hybrid bison in WBNP are given in Table 24 and the mean, 

range and standard deviation for each element are shown in 

Table 25. Results and descriptive statistics for wood bison 

in the Mackenzie Bison Sanctuary are shown in Tables 26 and 

27. Comparison of the two populations using t-tests 

indicated that hybrid bison in WBNP had significantly higher 

levels of zinc in liver (p < .003) but lower levels of 

copper in liver (p < .001) and kidney (p < .020), manganese 

in liver (p < .001), and selenium in liver (p < .016) and 

kidney (p < .001) than did the wood bison from the Mackenzie 

Bison sanctuary. Cadmium, lead and mercury levels were not 

7 Fisher Scientific, 112 ch. Colonnade Road, Nepean, 
Ontario K2E 7L6 

8 u.s. Department of Commerce, National Bureau of 
Standards, Gaithersburg, Maryland 20899, USA 
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Table 24: Trace metal levels (ppm) in liver and kidney from hybrid bison in and adjacent to Wood Buffalo National Park. 

ARSENIC CADMIUM COPPER 

BISON # LIVER KIDNEY LIVER KIDNEY LIVER KIDNEY 

W104 Cow - 0.10 0.20 0.79 17.50 6.72 

W105 Calf - - 0.08 0.28 20.00 5.90 

W106 Calf - - 0.07 0.20 15.70 6.62 

W107 Calf - NS 0.12 NS 30.40 NS 

W109 Bull - - 0.18 0.60 9.19 5.88 

WllO Cow - - 0.44 7.92 11.30 7.82 

Wl11 Cow - - 0.38 4.06 28.10 7.31 

Wl12 Cow NS 0.02 NS 3.71 NS 7.16 

Wl13 Cow - ~s 0.35 NS 6.89 NS 

Wl14 Calf - - 0.07 0.24 10.70 6.47 

Wl16 Calf NS - NS 0.39 NS 6.99 

Wl17 Calf - - 0.17 0.49 27.40 5.58 

Wl18 Bull - - 0.83 2.70 13.10 5.69 

W119 Bull - - 0.81 4.82 11.90 6.31 

W120 Cow - 0.04 1.44 11.80 5.20 5.47 

......!!!74 Cow - - 0.08 0.45 6.21 5.45 

level below the detection limit of the analytical technique 

NS = no sample available for analysis 

LIVER 

-

-

-
-

-

-

-

NS 

0.12 

-

NS 

-
0.04 

-

-

-

LEAD MANGANESE MERCURY SELENIUM 

KIDNEY LIVER KIDNEY LIVER KIDNEY LIVER KIDNEY 

- 2.50 1.10 0.01 0.07 0.23 0.43 

- 2.31 0.95 - 0.01 0.05 0.71 

- 2.00 0.79 0.01 0.01 0.12 0.90 

NS 2.01 NS 0.01 NS 0.03 NS 

- 1. 75 0.49 - 0.01 0.03 0.45 

0.06 1.95 0.80 - 0.01 0.12 0.49 

0.04 2.91 1.07 0.01 0.03 0.18 0.47 

- NS 0.85 NS 0.02 NS 0.38 

NS 1.48 NS 0.02 NS 0.06 NS 

- 1.93 0.75 0.01 0.01 0.07 0.38 

- NS 1.48 NS 0.01 NS 0.44 

- 2.22 1.03 0.01 0.01 0.08 0.96 

- 2.66 1.03 - 0.03 0.21 0.99 

- 1.86 0.56 0.01 0.01 0.14 0.38 

- 2.50 0.69 0.01 0.01 0.06 0.34 

- 4.28 1.23 - 0.02 0.13 o. 78 
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ZINC 

LIVER KIDNEY 

30.90 17.50 
I 

41.10 18.60 

31.70 22.20 

87.10 NS 

99.30 23.00 

47.70 35.80 

41.40 18.90 i 

NS 20.20 

87.50 NS 

33.30 17.60 

NS 21.40 

42.90 16.30 

67.20 35.00 

46.90 22.70 

52.10 30.20 

30.00 14.70 



I 

Table 25: Descriptive statistics of trace metal levels (ppm) in liver and 
kidney from hybrid bison in and adjacent to Wood Buffalo National 
Park. Samples with levels below the detection limit were assigned 
a value of zero for statistical purposes. 

TRACE METAL TISSUE NO. SAMPLES MEAN RANGE S.D. 

ARSENIC liver 14 0 0 0 
kidney 14 0.01 0 - 0.10 0.03 

CADMIUM liver 14 0.37 0.07 - 1.44 0.40 
kidney 14 2.75 0.20 - 11.80 3.50 

COPPER liver 14 15.26 5.20 - 30.40 8.37 
kidney 14 6.38 5.45 - 7.82 0.75 

LEAD liver 14 0.01 0 - 0.12 0.03 
kidney 14 0.01 0 - 0.06 0.02 

MANGANESE liver 14 2.31 1.48 - 4.28 0.69 
kidney 14 0.92 0.49 - 1.48 0.27 

MERCURY liver 14 0.01 0 - 0.02 0.01 
kidney 14 0.02 0 - 0.07 0.02 

SELENIUM liver 14 0.11 0.03 - 0.23 0.07 
kidney 14 0.58 0.34 - 0.99 0.24 

ZINC liver 14 52.79 30.00 - 99.30 23.21 
kidney 14 22.44 14.70 - 35.80 6.66 
--- - ------



Table 26: Trace metal levels (ppm) in liver and kidney from wood bison in the Mackenzie Bison Sanctuary. 

ARSENIC CADMIUM COPPER 

BISON # LIVER KIDNEY LIVER KIDNEY LIVER KIDNEY 

W293 Cow - - 0.14 1.61 26.80 5.48 

W294 Cow - - 0.27 3.34 43.00 7.57 

W295 Cow 0.02 - 0.33 3.17 28.60 6.72 

W296 Cow - - 0.41 7.11 12.70 6.86 

W297 Cow - 0.02 0.29 3.11 46.00 7.04 

W298 Cow 0.02 - 0.22 1.88 32.30 6.63 

W299 Cow - - 0.39 5.27 36.70 5.49 

W300 Cow - NS 0.18 NS 32.60 NS 

W301 Cow - - 0.24 4.07 41.80 7.98 

W302 Cow - - 0.48 5.31 52.10 6.70 

W310 Calf 0.04 0.04 0.26 1.44 9.15 6.57 

W311 Calf - 0.02 0.40 3.01 25.50 8.80 

W312 Calf 0.11 - 0.24 1.38 11.00 8.10 

W313 Cow 0.02 - 0.12 1. 73 30.20 7.05 

W314 Bull 0.05 0.02 0.23 3.92 21.10 9.49 

W315 Yrlg 0.08 - 0.24 2.00 33.70 7.33 

W316 Calf 0.12 0.21 0.16 0.75 12.10 8.25 

W317 Cow 0.21 0.08 0.16 1.18 26.00 6.04 

W318 Cow 0.08 0.02 0.35 3.53 40.70 6.80 

W319 Cow 0.11 0.07 0.12 1. 78 27.10 7.59 

level below the detection limit of the analytical technique 

NS = no sample available for analysis 

LEAD MANGANESE MERCURY 

LIVER KIDNEY LIVER KIDNEY LIVER KIDNEY 

- - 3.24 1.23 - 0.01 

- - 3.47 1.40 - 0.05 

- - 3.57 1.05 - 0.02 

0.06 - 3.26 1.04 0.01 0.03 

0.04 0.04 3.65 1.23 0.02 0.04 

0.04 - 2.75 1.39 0.01 0.03 

- - 4.30 0.84 0.01 0.04 

- NS 4.29 NS 0.01 NS 

- - 3.83 0.94 0.01 0.02 

- - 3.18 1.14 0.01 0.02 

- - 2.18 0.70 0.04 0.11 

0.05 0.04 2.87 0. 75 0.04 0.08 

0.04 0.07 3.10 1.13 0.02 0.05 

0.04 0.04 2.55 0.86 0.08 0.33 

0.04 0.04 2.47 0.95 0.07 0.33 

0.05 0.04 3.41 1.17 0.08 0.13 

- - 2.66 1.25 0.06 0.06 

- - 2.41 0.86 - 0.13 

- 0.06 2.50 0.86 0.06 0.11 

0.07 0.09 2.98 0.82 0.11 0.18 
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SELENIUM ZINC 

LIVER KIDNEY LIVER KIDNEY 

0.16 1.06 26.90 15.80 

0.20 0.68 28.90 20.60 

0.07 0.87 34.90 21.70 

0.11 0.66 49.40 26.90 

0.88 0.83 32.50 17.60 

0.12 0.98 34.10 19.80 

0.16 0.55 31.00 20.40 

0.13 NS 35.20 NS 

0.18 1.17 32.50 21.90 

0.15 1.40 31.70 19.40 

0.37 1.09 55.80 39.80 

0.39 1.03 33.20 20.90 

0.22 1.03 33.60 19.60 

0.28 1.27 30.90 19.60 

0.17 0.81 37.10 29.10 

0.29 1.31 29.50 18.90 

0.29 1.01 37.30 33.90 

{).24 0.42 39.80 21.90 

0.17 0.86 37.40 17.10 

0.09 0.52 37.40 20.20 



Table 27: Descriptive statistics of trace metal levels (ppm) in liver and 
kidney from wood bison in the Mackenzie Bison Sanctuary. Samples 
with levels below the detection limit were assigned a value-of zero 
for statistical purposes. 

TRACE METAL TISSUE NO. SAMPLES MEAN RANGE S.D. 

I 

ARSENIC liver 20 0.04 0 - 0.21 0.06 
kidney 19 0.03 0 - 0.21 0.05 

CADMIUM liver 20 0.26 0.12 - 0.48 0.10 
kidney 19 2.90 0.75 - 7.11 1.70 

COPPER liver 20 29.46 9.15 - 52.10 12.10 
kidney 19 7.18 5.48 - 9.49 1.04 

LEAD liver 20 0.02 0 - 0.07 0.03 
kidney 19 0.02 0 - 0.09 0.03 

MANGANESE liver 20 3.13 2.18 - 4.30 0.60 
kidney 19 1.03 0.70 - 1.40 0.21 

MERCURY liver 20 0.03 0 - 0.11 0.03 
kidney 19 0.09 0.01 - 0.33 0.10 

SELENIUM liver 20 0.23 0.07 - 0.88 0.18 
kidney 19 0.92 0.42 - 1.40 0.27 

ZINC liver 20 35.46 26.90 - 55.80 6.79 
kidney 19 22.37 15.80 - 39.80 6.03 

--·- ----- - -- --- ----~--·---



significantly different between the two groups. 

8.5 Discussion 

There are no other data on trace metal levels in bison 

to compare with these results and no information was found 

on trace metal requirements of bison. Therefore, it is 

difficult to interpret the biological significance of the 

levels found in bison from WBNP and the Mackenzie Bison 

Sanctuary. Although levels of copper, manganese, selenium 

and zinc differed between the two population samples, both 

sets of values may be within normal functional limits for 

free-ranging bison. If compared to values for cattle 

tissues (Puls 1981), the trace metal contents of the bison 

tissues were all above deficiency levels, but the amounts of 

selenium would be-considered marginal in both groups and the 

amounts of manganese would be marginal in the WBNP sample. 

The amounts of arsenic, lead and mercury in bison tissues 

were 100-fold lower, and cadmium levels were 50- to 100-fold 

lower, than toxic levels for cattle. 

Signs of trace element deficiencies, as described in 

cattle (Church and Pond 1974), have not been observed in 

wood bison in the Mackenzie Bison Sanctuary. This herd of 

bison has had an exponential rate of population growth 

(Section 2.3.4). It may be suggested that the poor 

reproductive success of the hybrid bison population in WBNP 
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is related to inadequate intake of essential nutrients such 

as copper, manganese, selenium or zinc. However, 

reproductive failure is not a specific sign nor the sole 

manifestation of nutritional deficiencies. Other signs that 

might be associated with nutritional diseases have not been 

reported in bison from the park. Herd history, clinical 

signs, biochemical tests and trace element analyses must all 

be considered in the diagnosis of nutritional deficiency 

disease in light of the complex genetic, metabolic and 

environmental factors which influence trace element status 

of animals. The preliminary evaluation of trace metal 

levels in bison did not reveal any marked deficiencies or 

potential toxicoses related to arsenic, cadmium, copper, 

lead, manganese, mercury or zinc intake in either the WBNP 

or Mackenzie Bison Sanctuary population samples. 
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9. 0 FURTHER BACTERIOLOGIC STUDIES OF BRUCELLA ABORTUS 

FROM WILDLIFE IN AND AROUND WOOD BUFFALO NATIONAL PARK 

9.1 Abstract 

The oxidative metabolic profiles of strains of B. 

abortus from bison in WBNP, on standard amino acid and 

carbohydrate substrates, were typical of strains of B. 

abortus from livestock. Patterns of lysis by Tblisi, 

Firenzi, Weybridge, R/C, R/0 and R phages did not 

differentiate strains of B. abortus from livestock, bison, 

wolves or a fox. Susceptibility to ampicillin, cephalothin, 

chloramphenicol, colistin, gentamycin, nalidixic acid, 

polymixin-B, streptomycin and tetracycline was similar among 

strains of B. abortus from wildlife and livestock. However, 

B. abortus biotype 2 from cattle was susceptible to 

erythromycin whereas a strain of biotype 2 from a bison was 

not. No naturally occurring phages or plasmids were found 

in strains of B. abortus from wildlife in and around WBNP. 

9.2 Introduction 

A nidus of bovine brucellosis has existed in the hybrid 

bison population of WBNP since 1925. There has been no 

significant effort to control the disease in this 

population. Hence, the bison represent a refugium of 

248 



unmanipulated strains of B. abortus which pre-dates the 

eradication campaign in cattle, the use of antibiotics in 

livestock, and the development of many techniques used to 

characterize strains of B. abortus. This study provided the 

first collection of isolates of B. abortus from wildlife in 

and around WBNP for bacteriologic studies. 

Routine bacteriology and biotyping results indicated 

that strains of B. abortus isolated from bison, wolves, a 

fox and a moose were similar to strains from infected 

cattle, although the biotypes were regionally uncommon and 

therefore were useful epidemiological markers (Chapter 4). 

The purpose of further bacteriologic studies was to search 

for other distinguishing characteristics of the strains of 

B. abortus from wildlife in and around WBNP. Oxidative 

metabolic profiles, phage susceptibility, and in vitro 

antibiotic susceptibility were examined and the isolates 

were screened for the presence of plasmids and phages. 

9.3 Materials and methods 

9.3.1 Oxidative metabolic profiles 

A thin layer chromatography method was used to 

qualitatively evaluate whether strains of B. abortus from 

bison could metabolize selected amino acid and carbohydrate 

substrates. The method used was that of Balke et al (1977), 

as modified by Corbel et al (1978) and Rigby (pers. comm.). 
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A urease-negative and a urease-positive strain of ~· abortus 

biotype 1 from bison, and B. abortus strain 19, were 

examined for their ability to metabolize L-alanine, L

arginine, L-asparagine, L-glutamic acid, DL-ornithine, DL

citrulline, L-lysine, L-arabinose, D-galactose, D-ribose, 

dextrose, and D-xylose. The procedure was as follows: 

1. Each strain of B. abortus was inoculated onto 

four serum dextrose agar plates and incubated 

at 37 c for 48 h. Strain 19 was incubated in 

air, and the two strains of biotype 1 from the 

bison were incubated in air plus 10% (V/V) 

co2 • 

2. Each culture was harvested in 3.0 ml of 0.1 M 

phosphate buffered saline (PBS), pH 7.2, and 

washed twice in PBS by centrifugation at 7000 

x g for 5 min. The bacteria were resuspended 

in PBS to 3.0 ml. 

3. One-half (1.5 ml) of each suspension was 

transferred to a separate vial and heat-

inactivated at 110 c for 30 min. This 

constituted the negative control. 

4. The transmittance at 600 A of a 1/100 dilution 

of each live and inactivated suspension was 

determined. The suspensions were diluted with 

PBS as necessary until 1/100 dilutions had 40% 

transmittance. 
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5. A 0.5% aqueous solution of each amino acid and 

carbohydrate substrate was freshly prepared. 

In centrifuge tubes, 25 ~1 of substrate (50 ~1 

for arginine and asparagine) was mixed with 

250 ~1 of live or heated bacteria of each 

strain, and control tubes of substrate and PBS 

buffer were prepared. The tubes were 

incubated overnight at 37 c in air (strain 19) 

or air plus 10% C02. 

6. The tubes were centrifuged at 7000 x g for 10 

min. Each supernatant was transferred to a 

new tube and heated at 110 c for 10 min. 

7. A 5 ~1 spot of each sample was put onto a 20 

em x 20 em silica gel 60 thin-layer plate9. 

Separate plates were used for amino acids and 

carbohydrates. The spots were grouped so that 

the positive sample, negative control and 

substrate control were together for 

comparison. In addition, 5 ~1 spots of each 

strain of live and heat-inactivated ~· abortus 

(without substrate) were put on the plates to 

indicate the movement and location of 

fractions of Brucella. The spots were allowed 

to dry and then the plates were run in a 4:1:1 

9 BDH Chemicals Canada Ltd., 350 Evans Ave., Toronto, 
Ontario M8Z 1KS. 
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solution of butanol, acetic acid and water. 

The amino acid plates were run overnight and 

the carbohydrate plates were run for 2.5 h. 

8. The amino acid plates were dried and then 

sprayed with ninhydrin reagent10 and heated at 

110 c for 10 min. The carbohydrate plates 

were dried and then sprayed with Bial's 

reagent2 and heated at 110 C for 10 min. 

The plate results were scored according to Corbel et al 

(1978). When the negative control spot was present but the 

test spot was absent, the result scored "++", meaning 

completely metabolized. If both spots were present but the 

test sample spot was of reduced intensity, the result was 

scored"+", meaning partially metabolized. · If both the 

sample test spot and the negative control spot were present 

at equal intensity, the result was scored "-" I meaning not 

metabolized. 

9.3.2 Brucella-phage studies 

Three urease-negative and nine urease-positive strains 

of ~· abortus biotype 1, and a strain of biotype 2, from 

bison, wolves and a fox collected in or near WBNP were 

evaluated for susceptibility to lysis by Tblisi (Tb), 

Firenzi (Fi), Weybridge (Wb), R/C, R/0, and R varieties of 

10 Sigma Diagnostics, P.O. 
Missouri 63178, USA. 
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Brucella-phages. Reference strains of ~· abortus biotype 1 

(strain 544), biotype 2 (strain 86/8/59), biotype 4 (strain 

292), and B. canis (ADRI strain T2) were used as controls 

and for comparison. A rough strain 19 isolate (ADRI RS19) 

was used to determine the viability of the R phage. A 0.02 

ml volume of the routine test dilution (RTD) of each phage 

was spotted onto a confluent growth of each strain of 

Brucella on serum dextrose agar11 (SDA) plates according to 

the method of Corbel and Thomas (1980). The plates were 

incubated at 37 c in air and 10% co2 for 4 days, during 

which time they were examined daily for plaque formation. 

Two techniques were used to examine strains of B. 

abortus from the bison, wolves and fox for naturally

occurring Brucella phages. First, each strain of B. abortus 

from wildlife hosts was suspended in trypticase-soy broth3 

plus 0.4% (W/V) tryptone soya agar3 at 48 c and poured over 

confluent growths of reference strains of ~· abortus biotype 

1 (strain 544), biotype 2 (strain 86/8/59) and biotype 4 

(strain 292) according to the technique described by Corbel 

and Thomas (1980). The SDA plates were incubated at 37 C in 

air and 10% co2 , and examined daily for 7 days to determine 

whether plaques had developed. 

The second technique used to search for Brucella phages 

in isolates of B. abortus from wildlife was described by 

Fredericq (1957) and Corbel and Thomas (1980). A heavy 

11 Difco Laboratories, Detroit, Michigan 48232, USA. 
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inoculum of each strain of B. abortus from wildlife hosts 

was streaked down the center of separate glass SDA plates. 

The plates were incubated at 37 c for 48 h, and then the 

cultures were killed by overnight exposure to diethyl ether. 

Each dead culture was then overlaid with a suspension of ~· 

abortus biotype 1 (strain 544) in TSB plus 0.4% tryptone 

soya agar and incubated at 37 c in air plus 10% C02 for 5 

days and examined daily for the presence of plaques. 

9.3.3 In vitro antibiotic susceptibility 

The antibiotic susceptibility of strains of B. abortus 

from bison, wolves and a fox, and reference strains of ~· 

abortus biotype 1 (strain 544), biotype 2 (strain 86/8/59), 

and biotype 4 (strain 292), was examined using the disk 

diffusion technique described by Barry and Thornsberry 

(1985). Each of 16 strains of B. abortus was evenly 

inoculated over the surface of a 150 mm Mueller-Hinton agar3 

plate and exposed to antibiotic disks12 of 10 ug ampicillin 

(AMP10), 30 ug cephalothin (KF30), 5 ug chloramphenicol 

( cs), 10 ug colistin (CL10), 2 ug erythromycin (E2), 10 ug 

gentamycin (GN10), 30 ug nalidixic acid (NA30), 50 ug 

polymixin-B (PBSO), 10 ]J.g streptomycin (S10), and 5 ug 

tetracycline (TeS). The plates were incubated at 37 c in 

air and 10% C02 and examined daily for 5 days. Zones of 

12 Fisher Scientific, 112 ch. 
Ontario K2E 7L6. 

Colonnade Road, Nepean, 
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antibiotic 

incubation. 

susceptibility were reported 

9.3.4 Identification of plasmids 

after 72 h 

Each strain of ~· abortus from bison, wolves and a fox 

was examined for the presence of plasmids by isolating 

bacterial DNA using the method of Dillon et al (1985) as 

modified by Fraser (pers. comm.), and then identifying any 

plasmid DNA that may be present using a vertical agarose gel 

electrophoresis technique by Yamazaki and Fraser (pers. 

comm.). Plasmid pBR322 and Escherichia coli strain HB101 

were used as controls. The method used for each strain of 

B. abortus was: 

1. One-eighth of a plate lawn of B. abortus was 

harvested, suspended in PBS, and stored at 4 

c. The suspension was centrifuged, the 

supernatant was discarded, and the cells were 

resuspended in 0.5 ml of TE buffer (50 mM 

Tris-HCl, pH 8.0, plus 20 mM ethylene

diaminetetraacetic acid). The suspension was 

again centrifuged, the supernatant discarded, 

and the cells were resuspended in 25 ~1 of TE 

buffer and mixed thoroughly. 

2. 5 ~1 of lysozyme (6 mg lysozyme in 1 ml TE 

buffer) were added to the B. abortus 

suspension and allowed to react for 30 min at 
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room temperature. 

3. 5 ul of proteinase K (0.6 mg protease in 1 ml 

distilled water) were added. 

4. 500 ul of lysis buffer (TE buffer, pH 12.45, 

containing 1.5% sodium dodecyl sulfate) were 

added to lyse the cells, selectively denature 

chromosomal DNA, and denature proteins. The 

suspension was gently mixed and allowed to 

stand for 30 min at room temperature. 

5. 10 ul of a 2 mg/ml stock solution of 

proteinase K were added to the mixture and 

allowed to react for 30 min at room 

temperature. 

6. The mixture was neutralized by adding 180 ul 

of 3 M sodium acetate, pH 4.8, and gently 

agitated by inverting the tube. 

7. 0.5 ml of phenol solution saturated with 1M 

sodium acetate was added to the 

neutralization mixture. The tube was 

inverted several times to mix the two phases 

of solution. 

8. The mixture was centrifuged in a 

microcentrifuge at full speed for 10 min at 4 

c. The upper aqueous phase was removed with 

a polyethylene syringe and placed in a clean 

tube. 
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9. 

10. 

11. 

DNA was precipitated by adding two volumes of 

cold ethanol to the supernatant. The tube 

was mixed and stored overnight at -20 c. 

The tube was centrifuged at full speed in a 

microcentrifuge at 4 c for 10 min. The 

ethanol was poured off and the inverted tube 

was dried in an incubator at 56 c for 30 min. 

20 l.J.l of TE buffer was added to the tube, 

followed by 5 l.J.l of RNAse A solution (8 

l.J,g/ml). The mixture was allowed to stand for 

30 min at room temperature. 5 l.J.l of loading 

buffer (13.8 ml H20, 6.0 ml glycerol, 25 mg 

bromophenol blue, and 0.2 ml of 0.5 M EDTA at 

pH 8.0) was added, and 25 l.J.l of the mixture 

was put into the loading well of a 0.5% 

agarose gel in a vertical gel electrophoresis 

apparatus. Seven strains of B. abortus from 

wildlife hosts were run on one gel and six 

strains were run on a second gel. Both had 

control samples of pBR322 and E. coli HB101 

loaded in the end wells. Electrophoresis was 

run at 100 volts for approximately 3.5 h. 

Finished gels were examined and photographed 

under ultraviolet light for the presence and 

location of fluorescent bands of DNA. 
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9.4 Results 

Information obtained on oxidative metabolic profiles 

failed to differentiate urease-negative and urease-positive 

strains of ~· abortus biotype 1 from bison and B. abortus 

strain 19 (Table 28). The urea cycle amino acids 

(ornithine, citrulline, arginine and lysine) were not 

metabolized. The other amino acids were partially 

metabolized and all of the carbohydrate substrates were 

completely metabolized. 

The strains of ~· abortus from wildlife in and around 

WBNP had similar susceptibility to Brucella-phages as the 

three reference strains of biotypes 1, 2 and 4 (Table 29). 

All strains were completely lysed by Tblisi, Firenzi and 

Weybridge phages. None of the strains were lysed by the R 

or R/C phages. There was partial or complete lysis of all 

strains by R/0 phage; the degree of lysis did not correlate 

with the urease status of the strains from wildlife hosts. 

The two techniques used to search for phages in the strains 

of B. abortus from wildlife hosts did not produce any 

plaques indicative of the presence of Brucella-phages. 

Ampicillin, cephalothin, chloramphenicol, gentamycin, 

streptomycin and tetracycline inhibited the growth of all 

strains of ~· abortus from wildlife and livestock hosts 

(Table 30). Colistin did not inhibit growth of any of the 

isolates, and erythromycin only inhibited growth of B. 
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Table 28: Metabolic profile of urease-negative and urease-positive strains of Brucella abortus from bison in Wood 
Buffalo National Park, and of ~· abortus strain 19, on amino acid and carbohydrate substrates. 

Biotype/Strain Amino Acid Substrates 
of !!· abortus Ala Asn Glu Orn Cit 

Biot. 1/Urease - +a + + _b -
(bison) 

Biot. 1/Urease + + + + - -
(bison) 

Biot. 1/Strain 19 + + + - -
(cattle) 

-- - -~----------- . ------ - '--- -

a partially metabolized 

b not metabolized 

c completely metabolized 

Carboh~drate Substrates 
Arg Lys Arabinose Dextrose Galactose Ribose Xylose 

- - ++c ++ ++ ++ ++ 

- - ++ ++ ++ ++ ++ 

- - ++ ++ ++ ++ ++ 

--- --
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Table 29: Phage susceptibility of strains of B. 
around Wood Buffalo National Park, and 
abortus from cattle. 

abortus from wildlife in and 
of reference strains of ~-

B. abortus Host Lysis by Brucella phaae trPe at RTD 
biotype/strain 

Biot. !/urease + 

Biot. 1/urease -

Biot. 2 

Biot. !/urease -

Biot. !/urease + 

Biot. !/urease + 

Biot. !/urease + 

Biot. !/urease -

Biot. !/urease + 

Biot. !/urease + 

Biot. !/urease + 

Biot. !/urease + 

Biot. !/urease + 

Biot. 1/st. 544 

Biot. 2/st. 86/6/59 

Biot. 4/st. 292 

+ complete lysis; ± 

(Lab. No.) Tblisi Firenzi 

bison + + 
(W13) 

bison + + 
(W15) 

bison + + 
(W17) 

bison + + 
(W25) 

bison + + 
(W27) 

bison + + 
(W37) 

fox + + 
(W55) 

wolf + + 
(W60) 

bison + + 
(W109) 

bison + + 
(Wll5) 

bison + + 
(W180) 

wolf + + 
(W184) 

wolf + + 
. (W185) 

cattle + + 

cattle + + 

cattle + + 

partial lysis; - = no lysis 
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Weybridge R R/C R/0 

+ - - ± 

+ - - ± 

+ - - ± 

+ - - ± 

+ - - ± 

+ - - + 

+ - - + 

+ - - + 

+ - - ± 

+ - - + 

+ - - + I 

+ - - + 

+ - - + 

+ - - + 

+ - - ± 

+ - - + 



Table 30: Zones of antibiotic inhibition of strains of B. abortus from wildlife in and around Wood 
Buffalo National Park, and of reference strains-from cattle. 

B. abortus Host Diameter (mm) of Antibiotic Inhibition Zones 
biotype/strain' (Lab. No.) AMP10 KF30 C5 CL10 E2 GN10 NA30 PB50 S10 Te5 

Biot. 1/urease + bison 32 27 23 0 0 40 0 15 34 44 
(W13) 

Biot. 1/urease - bison 29 21 14 0 0 28 12 0 22 35 
! 

(W15) 

Biot. 2 bison 36 29 32 0 0 33 16 13 33 38 
(W17) 

Biot. 1/urease - bison 37 21 13 0 0 28 0 0 26 33 
(W25) 

Biot. 1/urease + bison 29 22 14 0 0 36 13 0 26 41 
(W27) 

Biot. 1/urease + wolf 33 26 18 0 0 30 9 0 26 41 
(W37) 

Biot. 1/urease + fox 34 22 18 0 0 39 0 12 23 43 
(W55) 

Biot. 1/urease - wolf 32 20 16 0 0 28 16 0 24 41 
(W60) 

Biot. 1/urease + bison 28 18 15 0 0 35 0 0 27 42 
(W109) 

Biot. 1/urease + bison 32 24 14 0 0 35 0 0 23 39 
(Wl15) 

Biot. 1/urease + bison 28 22 13 0 0 33 13 10 28 38 
(W180) 

Biot. 1/urease + wolf 31 20 15 0 0 35 13 0 25 39 
(W184) 

Biot. 1/urease + wolf 32 23 14 0 0 27 0 9 28 38 
I 

(W185) 

Biot. 1/st. 544 cattle 34 26 19 0 0 29 15 9 25 35 

Biot. 2/st. 86/6/59 cattle 40 32 33 0 27 32 18 12 31 46 

Biot. 4/st. 292 cattle 38 21 15 0 0 28 14 9 32 40 
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abortus biotype 2 (strain 86/6/59) from cattle. Nalidixic 

acid and polymixin-B caused little or no inhibition of 

growth of any strains of B. abortus; the slight differences 

in susceptibility did not coincide with any particular 

strains of ~· abortus. 

There was no indication of plasmid DNA in the purified 

lysates of strains of B. abortus from wildlife hosts. The 

control samples of pBR322 and ~· coli strain HB101 both gave 

positive fluorescent bands of plasmid DNA and chromosomal 

DNA, respectively, on the finished electrophoretic gels. 

9.5 Discussion 

The oxidative metabolic profiles, patterns of lysis by 

Brucella-phages, and antibiotic sensitivities of strains of 

~· abortus from wildlife in and around WBNP were similar to 

reference strains from cattle, and typical of B. abortus in 

general (Alton et al 1975, Corbel et al 1978, Corbel and. --
Thomas 1980, Corbel and Brinley-Morgan 1984). Unique 

strains of B. abortus have been reported: field strains of 

biotype 1 that could not metabolize asparagine (Verger 1973) 

or were resistant to lysis by Tb phage (Harrington et al --
1977); field strains that differed in their antibiotic 

sensitivity (Fritzsch and Abadjieff 1966). No similar 

epidemiological markers were found in strains of B. abortus 

from wildlife in WBNP that would distinguish them from 
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conventional strains isolated from livestock. 

One potentially useful difference was that the 

reference strain of biotype 2 from cattle was inhibited by 

erythromycin, whereas the strain of biotype 2 from a bison 

in WBNP was not. Fritzsch and Abadjieff (1966) reported 

that strains of biotype 2 from cattle in Germany were 

susceptible to erythromycin. Because only one strain of 

biotype 2 from a bison was available, it was not possible to 

determine whether resistance to erythromycin is a consistent 

characteristic of biotype 2 in bison in WBNP that could be 

used as an epidemiological marker. 

No new or conventional Brucella-phages were found in 

isolates of ~· abortus from wildlife. The two methods used 

to detect phages in the brucellae might have missed a 

lysogenic phage. However, the occurrence of lysogeny in 

this genus has not been proven, and none of the strains of 

B. abortus from wildlife had anomalous phage sensitivities 

or aberrant colony morphology that would be expected if they 

were infected with a lysogenic phage or were in a phage

carrier state (Corbel and Thomas 1980). There was also no 

evidence of plasmids in the wildlife strains of B. abortus. 

Although plasmids have been identified in a wide range of 

bacteria (Tompkins 1985, Trevors 1985), none have yet been 

reported in brucellae. 
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10.0 SUMMARY AND CONCLUSIONS 

The studies undertaken in this thesis were done to 

provide descriptive and epizootiologic information on bovine 

brucellosis and tuberculosis in bison and associated 

wildlife species in the WBNP region of northern Canada. In 

summary, the findings were that: 

1. There were 4253-4996 hybrid bison in WBNP 

during the study period, and 65 75% of 

these bison were south of the Peace River. 

Bison distribution was correlated with 

lowland habitat along the Peace and Slave 

Rivers and in the Peace-Athabasca Delta. 

Bison crossed the park boundary on three 

corridors and crossed the Peace River within 

the park. 

2. Of 72 hybrid bison carcasses necropsied in 

and around WBNP, 18 (25%) had brucellosis and 

15 (21%) had tuberculosis. Based on this 

sample, the conservative estimate of the 

prevalence of the diseases in the population 

was 16 - 37% for brucellosis and 12 - 32% for 

tuberculosis. 

55%. 

Combined prevalence was 31-

3. Brucella abortus biotypes 1 and 2, including 

both urease-negative and urease-positive 
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strains of biotype 1, were isolated from 

bison tissues. The biotyping results 

provided useful markers for further 

epizootiological studies. Severe arthritis 

was associated with Brucella infections in 

some bison. 

4. All mycobacterial isolates from bison were ~· 

bovis. Lesions of tuberculosis in bison 

ranged from localized lymphadenitis to 

generalized, multisystemic disease. 

Examination of retropharyngeal and bronchial 

lymph nodes alone would have detected 14 of 

the 15 cases of tuberculosis in bison. The 

respiratory tract was the major route of 

infection in the bison. 

5. Cases of brucellosis and tuberculosis in 

bison were widely dispersed in WBNP, and the 

diseases were identified in bison outside the 

park along three corridors of trans-boundary 

movement. 

6. The 30 wood bison necropsied in the Mackenzie 

Bison Sanctuary were free of brucellosis and 

tuberculosis, and sera from 21 other wood 

bison were negative on tests for brucellosis. 

Statistical and epidemiological information 

indicated that this population is free of the 

265 



two diseases but is at risk of contracting 

brucellosis and tuberculosis through contact 

with the diseased hybrid population in and 

around WBNP. The pregnancy rate in the 

sample of wood bison was significantly higher 

than in the sample of hybrid bison from WBNP. 

7. B. abortus biotype 1 was present in tissues 

of 4 of 13 wolves, 1 of 37 red foxes and 1 

moose. No lesions were associated with the 

infection in the wolves or fox, but the moose 

was severely debilitated. Biotyping results 

suggest that bison were the source of 

brucellosis in these other wildlife species. 

8. Two cattle herds near WBNP and the Mackenzie 

Bison Sanctuary were free of brucellosis. 

This indicated that the disease had not 

spread from the hybrid bison into the cattle, 

and that the cattle were not a potential 

source of the disease for the wood bison 

population. 

9. Based on cattle standards, bison in WBNP and 

the Mackenzie .Bison Sanctuary were not 

deficient of copper, manganese, selenium or 

zinc, although selenium levels were marginal 

in both groups. 

in good body 

Bison in both locations were 

condition, based on fat 
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deposition, throughout the year with the 

exception of hybrid bison with advanced 

tuberculosis or other diseases. This 

suggests that range quality is not presently 

a limiting 

population. 

factor for either bison 

10. Comparison of strains of B. abortus based on 

oxidative metabolic profiles, patterns of 

lysis by Brucella-phages, and antibiotic 

sensitivities, could not differentiate 

between those from wildlife or livestock 

hosts. There was no evidence of phages or 

plasmids in the strains from wildlife 

species. No features of B. abortus isolates 

were unique from those that have been found 

in cattle. 

The results of these studies clearly indicated that 

bovine brucellosis and tuberculosis have a deleterious 

effect on the hybrid bison population in and around WBNP and 

that this bison population is continuing to decline. It 

also indicates that there is a risk of disease transmission 

to the expanding wood bison and cattle populations in the 

region, and to native people harvesting bison. It would be 

useful to obtain further information on the reproductive 

cost of brucellosis in the hybrid bison population. 

Estimates of calf production and recruitment could be 
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refined through the use of segregation counts. Data in the 

thesis suggest that there is a strong association between 

tuberculosis and wolf predation in the bison population, and 

this could be more fully documented. More detailed 

comparisons between the clean wood bison population in the 

Mackenzie Bison Sanctuary and the diseased hybrid population 

in WBNP may provide inferential information on the impact of 

the diseases on free-ranging bison populations. Further 

studies could be done to evaluate the effect of brucellosis 

on wolves and moose, and to determine if these hosts might 

play a role in the maintenance or spread of the disease. 

It is the opinion of the author that the problem of the 

two diseases in the region could be eliminated by a 

tuberculosis and brucellosis eradication campaign focused on 

the hybrid bison population in and around WBNP. Based on 

logistical and scientific considerations, the only 

guaranteed means of achieving this would be by eliminating 

the hybrid bison population itself. This would safeguard 

the wood bison and cattle populations in the region. It 

would also allow the re-establishment of healthy, purebred 

wood bison in their traditional range in and around WBNP and 

correct the serious wildlife management error of the 1920's, 

when diseased plains bison were introduced into the park. 
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APPENDIX A 

ATTEMPTS TO EVALUATE CALF PRODUCTION AND RECRUITMENT 

IN BISON POPULATIONS IN WOOD BUFFALO NATIONAL PARK 

A.l Abstract 

Segregation counts and aerial counts were made on 

bison in WBNP to evaluate calf production and 

recruitment in the population. Segregation counts gave 

ratios of calves:100 cows of 24.3 in summer, and 7.1 

and 12.9 in winter. Ratios of yearlings:100 cows were 

11.1 in summer and 9.6 and 8.9 in winter. These data 

suggested that calf production and recruitment were 

very poor in the bison sampled, but the sample size was 

too low to allow extrapolation to the population. 

However, aerial surveys with high sample sizes 

supported the findings in the segregation sample, 

indicating that calves only represented 12 - 16% of the 

bison population in summer and only 3 5% of the 

population in late winter. Segregation counts can be 

used to refine statistics for bison population studies 

in WBNP. 
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A.2 Introduction 

Two of the most important parameters needed to 

understand the dynamics of an animal population are 

natality and recruitment. Soper (1941), Fuller (1950, 

1966), Novakowski (1957), McCourt (1970) and Allison 

(1972) counted bison calves during aerial surveys of 

the bison population in WBNP, and this has been 

continued to the present by the park wardens. 

of the difficulty in determining the age and 

Because 

sex of 

bison from aircraft, these statistics were given as 

"calf percentages" where the denominator was the total 

number of bison counted. These values could not be 

corrected for seasonal influx of bulls into the cow 

herds, or for variations in recruitment from year to 

year. Some surveys biased the data by excluding herds 

and individual bison that did not have calves. 

During the 1983 - 1985 study period, attempts were 

made to refine estimates of calf production and 

recruitment by doing segregation counts on herds of 

bison from the ground. Calf counts were also done 

during aerial surveys in WBNP. 

A.3 Materials and methods 

Segregation counts were done by stalking herds of 
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bison in WBNP. Individual animals in the herd were 

enumerated under the categories of calves, yearlings, 

cows or bulls using a 10 45X spotting telescope. 

Aerial surveys were done in a Cessna 185 or 206 

aircraft at an altitude of 300 m. Calf counts were 

done as part of the total counts in March, 1984 and 

1985 (Chapter 3.0). Other calf counts were each done 

in 1.5 - 3.5 h random search patterns, and any bison 

that were seen were counted and their location marked 

on 1:250,000 scale topographical maps. Three observers 

were used on these flights. When very large herds of 

bison were found, the number of calves was determined 

by visual count and the total number of bison was 

established later by photographic counts. 

A.4 Results 

Segregation counts from the ground were 

successfully made on three herds of bison near 

Sweetgrass Station, two herds near Galoot Lake and two 

herds at Point Providence (Table 31). The percentage 

of calves and the ratio of calves:100 cows were highest 

in the summer sample at Sweetgrass. The notable drop 

in the number of bulls in the herds during the winter 

artificially inflated calf percentages at Galoot Lake 

and Point Providence. The ratio of calves:100 cows 
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Table 31: Composition counts of bison herds in three locations in Wood Buffalo National 
Park, done at different times of the year. 

Calves Yearlings Cows Bulls Total ; 

Date Location No. % No. % No. % No. % 

14•07•84 Sweetgrass 11 8.7 4 3.2 57 45.2 54 42.9 126 
14 8.5 7 4.3 70 42.7 73 44.5 164 
19 18.1 9 8.6 54 51.4 23 21.9 105 

Sample Total 44 11.1 20 5.1 181 45.8 150 38.0 395 

05·01•85 Galoot Lake 9 3.7 16 6.5 150 61.0 71 28.9 246 
8 7.0 7 6.1 90 78.3 10 8.7 115 

Sample Total 17 4.7 23 6.4 240 66.5 81 22.4 361 

15•01•85 Point Providence 4 8.3 3 6.3 34 70.8 7 14.6 48 
12 10.3 8 6.9 90 77.6 6 5.2 116 

Sample Total 16 9.8 11 6.7 124 75.6 13 7.9 164 
--------------- --------- ~-- ------~--

Calves:100 cows Sweetgrass = 24.3 
Galoot Lake = 7.1 
Point Providence = 12.9 

Yearlings:100 cows Sweetgrass = 11 •. 1 
Galoot Lake = 9.6 
Point Providence = 8.9 



provided a better indication of variation in calf numbers 

among the three samples. There were significantly fewer 

yearlings than calves in the sweetgrass and Point Providence 

samples, but more yearlings than calves in the Galoot Lake 

sample. The ratio of yearlings:100 cows was similar among 

the three samples, indicating that the difference in numbers 

between calves and yearlings at Sweetgrass and at Point 

Providence was due to poor yearling recruitment, whereas at 

Galoot Lake the difference was due to very poor calf 

production compared to the general rate of yearling 

recruitment. Sample sizes were too small to allow 

extrapolation of findings to the entire bison population. 

Bison calves were counted in 25 aerial surveys during 

the study period in WBNP (Table 32). The total number of 

bison counted in each survey of Area II (south of the Peace 

River) was large enough to be representative of the 

population. In Area I (north of the Peace River), sample 

sizes were inadequate in some surveys resulting in large 

fluctuations in calf percentages. It was more difficult to 

locate bison in Area I because there were fewer bison north 

of the river and because bison were often in forested 

habitat. Calf percentages in both areas were highest during 

summer months, ranging from 12 - 16%, and declined rapidly 

to 3 5% in the winter. The percentage of calves in the 

surveys began to increase by the beginning of May and 

continued to increase at least until early July. 
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Table 32: Humber of bison calves seen during aerial surveys in Wood Buffalo 
National Park. 

NO. BISON COUNTED IN AREA I NO. BISON COUNTED IN AREA II 

DATE TOTAL CALVES % CALVES TOTAL CALVES % CALVES 

14•06•83 184 4 2.2 
22•06•83 403 49 12.2 
26·07•83 112 0 0.0 
29·07•83 118 0 0.0 
13•09•83 1160 154 13.3 
15·09•83 65 5 7.7 
24•11•83 466 25 5.6 
25•11•83 2353 74 3.1 
14•03•84 1625 76 4.7 3036 101 3.3 
04•05•84 1550 125 8.1 
08·05•84 1751 144 8.2 
11·05•84 1628 147 9.0 
15·05·84 146 11 7.5 
16•05•84 1617 141 8.7 
21•05•84 1883 205 10.9 
25·05•84 2159 286 13.3 
19•06•84 2975 417 14.0 
22•06•84 246 47 19.1 
30•06•84 351 54 15.4 
03•07•84 2846 424 14.9 
03•12•84 2260 143 6.3 
04•12•84 710. 94 13.2 
05·12•84 309 51 16.5 
25·03•85 1146 46 4.0 3436 193 5.6 
21·05·85 273 43 15.8 



A.S Discussion 

Although the sample size of the segregation counts was 

low, the data suggested that summer calf production, based 

on ratios of calves:lOO cows, is extremely poor in WBNP. 

This is supported by the low calf percentages calculated 

from aerial survey data. Similar calf percentages, 

indicative of poor calf production, have been recorded in 

WBNP since the early 1950's (Fuller 1966, Tempany 1976). 

Fuller (1966) estimated that bison cows at the northern 

limit of their range should produce two calves every three 

years, therefore the pregnancy rate in the population should 

approach 67%. The marked difference between this figure and 

the calf data from WBNP indicated that either pregnancy 

rates are very low or prenatal and perinatal mortality are 

very high in WBNP. 

The segregation counts also suggest that recruitment 

into the yearling age class is poor. This too is supported 

by the aerial survey data. The percentages of short

yearlings, 3.8% in March, 1984, and 5.2% in March, 1985, are 

comparable to the 3.7% estimate of March, 1983 (Peterson 

1983). Consecutive years of poor recruitment will skew the 

age structure of the bison population. This will ~educe the 

reproductive capability of the aging population and 

exacerbate the problem of poor recruitment. Fuller (1962) 

estimated that 4 - 6% of the bison population in WBNP died 
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of tuberculosis each year. The present level of 

recruitment, based on total counts in March, is not adequate 

to compensate for the loss due to tuberculosis alone. 

The aerial survey data indicated that the bison herd in 

WBNP had a broad calving season starting before May and 

continuing into July. Outside this peak of calving, newly 

born bison were periodically seen throughout the year. 

Segregation counts provided an opportunity to refine 

estimates of calf production and recruitment in WBNP and 

larger sample sizes can be obtained by using helicopter 

support to direct herds past ground observers. It is hoped 

that in future this type of bison census can be enlarged and 

done on a regular basis in WBNP. 
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APPENDIX B 

INVENTORY OF TISSUES COLLECTED FROM BISON 

IN AND AROUND WOOD BUFFALO NATIONAL PARK 
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Table 33: Inventory of tissues collected for bacteriology from bison in and around Wood Buffalo National Park. 
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03•04•83 W11 Cow (pregn) Pine Lake Road Vehicle + 
13•06•83 W12 Adult Cow Quatre Fourches Warden + + + + + + + + + + + + + + + + 
04·07·83 W13 Adult Bull Bison Creep Disease + + + + + + + + + + + + 
06•08·83 W14 Adult Bull Pine Lake Road Vehicle + + + + + + + + + + + 
30•09•83 W15 Adult Bull Highway 5 Hunter + + + + + + + + + + + + 
18·10•83 W17 Cow (pregn) Plamondon Farm Hunter + + + + + + + + + + + + + + + + 
18·10·83 W18 Adult Cow Plamondon Farm Hunter + + + + + + + + + + + + + + 
18•10·83 W19 Adult Bull Plamondon Farm Hunter + + + + + + + + + + + + + + 
18•10•83 W20 Female Calf Plamondon Farm Hunter + + + + + + + + + + 
22•11•83 W22 Calf (?sex) Pine Lake Road Wolves + + 
08·02·84 W25 Adult Bull Highway 5 Poacher + + + + + + + 
08•02•84 W26 Adult Cow Garden Creek Hunter + + + + + + + + 
08•02·84 W27 Adult Cow Garden Creek Hunter + + + + + + + + 
27•01•84 W28 Adult Bull Ft. Chipewyan Unknown + 
27•01·84 W29 Calf (?sex) Ft. Chipewyan Poacher + 
27·01•84 W30 Calf (?sex) Ft. Chipewyan Poacher + 
27•01•84 W31 Adult Cow Ft. Chipewyan Poacher + 
08•09•84 W91 Cow (pregn) Parson Road Poacher + + + + + + + + + + + + 
10•09•84 W92 Male Calf Paulette Road Warden + + + + + + + + + + + + + + + + + + 
06•10·84 W98 Adult Bull Highway 5 Hunter + + + + 
06•10·84 W99 Adult Cow Highway 5 Hunter + + + + + + 
18·10•84 W100 Adult (?sex) L. Buffalo River Hunter + 
18•10•84 W101 Adult (?sex) L. Buffalo River Hunter + 
18•10·84 W102 Adult (?sex) L. Buffalo River Hunter + 
18·10·84 W103 Adult (?sex) L. Buffalo River Hunter + + 
22·10•84 W104 Cow (pregn) Peace Point Vehicle + + + + + + + + + + + + + 
01•11•84 W105 Female Calf Plamondon Farm Hunter + + + + + + + + + + + + + + 
01•11·84 W106 Female Calf Plamondon Farm Hunter + + + + + + + + + + + + + + 
01·11·84 W107 Male Calf Plamondon Farm Hunter + + + + + + + + + + + + + + + 
01•11•84 W108 Male Calf Plamondon Farm Hunter + + + + + + + + + + + + + + 
01·11·84 W109 Adult Bull Plamondon Farm Hunter + + + + + + + + + + + + + + + + + + + 
01•11•84 W110 Adult Cow Plamondon Farm Hunter + + + + + + + + + + + + + + 
01•11•84 W111 Adult Cow Plamondon Farm Hunter + + + + + + + + + + + + + + 
04·11·84 W112 Cow (Pregn) Fox Holes Pr. Hunter + + + + + + + + + + + 
04•11•84 W11J Cow (Pregn) Fox Holes Pr. Hunter + + + + + + + + + 
04·11•84 W114 Male Calf L. Buffalo River Vehicle + + + + + + + + + + + + + I 

06•11•84 W115 Adult Cow Grand Detour Hunter + + + + + + + + + + + + 
06•11·84 I W116 Male Calf Grand Detour Hunter + + + + + 
06·11•84 W117 Male Calf Grand Detour Hunter + + + + + 
~1·84- W~~~ Adult Bull Grand Detour Hunter + + + + + + + + + + + + + + + + + _____ + __ _ 
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Table 33: Inventory of tissues collected for bacteriology from bison in and around Wood Buffalo National Park. (Continued) 
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17·12•84 
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27•01·85 
21•12•84 
04•02·85 
18·03·85 
18•03·85 
18•03·85 
18·03•85 
31•03·85 
31•03•85 
31•03·85 
09•04•85 
05•12•84 
11•08•84 
17•09•84 
17·09•84 
09•10·85 
09•10•85 
09•10•85 
09•10•85 
09•10•85 
09•10·85 
09•10•85 
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NO. 

W119 
W120 
W125 
W126 
W127 
W128 
W129 
W130 
W131 
W132 
W133 
W171 
W172 
W173 
W174 
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W187 
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AGE/SEX 

Adult Bull 
Adult Cow 
Calf (?sex) 
Adult Cow 
Adult Bull 
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Calf (?sex) 
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Adult Bull 
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Adult Cow 
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Cow (Pregn) 
Cow (Pregn) 
Cow (Pregn) 
Adult Bull 
Adult Bull 
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Adult Bull 
Adult Bull 
Calf (?sex) 
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Yrlng Cow 
Adult Bull 
Adult Cow 
Adult Bull 
Adult Bull 
Adult Cow 
Adult Bull 

LOCATION 

Fox Holes Pr. 
Grand Detour 
Hook Lake 
Grand Detour 
Galoot Lake 
Prairie River 
Hilda Lake 
Galoot Lake 
Galoot Lake 
Galoot Lake 
Peace Point 
La Butte 
Highway 5 
Tall Cree, Alta. 
Tall Cree, Alta. 
Tall Cree, Alta. 
Tall Cree, Alta. 
Lake One 
Lake One 
Lake One 
Grand Detour 
L. Buffalo River 
Pine Lake Rd. 
L. Buffalo River 
L. Buffalo River 
Parson Road 
Parson Road 
Parson Road 
Parson Road 
Parson Road 
Parson Road 
Parson Road 
Pine Lake Rd. 
Highway 5 

CAUSE OF 
DEATH 

Hunter 
Hunter 
Wolves 
Hunter 
Poacher 
Wolves 
Wolves 
Hunter 
Hunter 
Poacher 
Wolves 
TB 
Vehicle 
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Poacher 
Poacher 
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Vehicle 
Hunters 
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APPENDIX C 

TISSUES COLLECTED FROM WILDLIFE SPECIES OTHER 

THAN BISON IN WOOD BUFFALO NATIONAL PARK 
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Table 34: Inventory of tissues collected for bacteriology from wildlife species, other than bison and rodents, 
in and around Wood Buffalo National Park. 

SPECIES 

Red fox 

Wolf 
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" 
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" 
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II 

II 

II 

II 

II 

II 

II 

II 

SEX 

M 
M 
F 
F 
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F 
F 
F 
F 
M 
M 
F 
M 
F 
M 
M 
M 
M 
M 
F 
M 
M 
M 
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M 
M 
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f'ij 
F 
F 
F 
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F 
F 
M 
F 
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LAB NO. 

W40 
W41 
W42 
W43 
W44 
W45 
W54 
W55 
W56 
W136 
W137 
W138 
W139 
W140 
W141 
W142 
W143 
W144 
W145 
W146 
W147 
W148 
W149 
W150 
W151 
W152 
W153 
Wl54 
W155 
W156 
Wl57 
W158 
W159 
W160 
W191 
W192 
W193 
W21 
W23 
W37 

DATE 

02•02•84 
" 
II 

" 
II 

04•02•84 

" 
31•12•84 

" 
" 
" 

" 
" 
" 
" 
" 

" 
II 

II 

" 

" 

" 
" 

18•01·85 

15·05•85 

" 
07·10•83 
09•11•83 
01·02•84 

LOCATION 

Campbell, Ft. Chip. 

" 
II 

" 
" 
" 

Courtoreille, Ft. Chip. 

' 
" 
II 

II 

" 
II 

" 
Hudson, Ft. Smith 

" 
Area I, WBNP 

II 

Grand Detour 
" 

Ft. Smith 
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Table 34: Inventory of tissues collected for bacteriology from wildlife species, other than bison and rodents, 
in and around Wood Buffalo National Park. (Continued) 

...... ...... 
~ ~ ~ 
c:: ~ u c:: • ...... u 
~!: ';;l ·~·a~~';;l~ ~ 

::l'O·riUQJO>UOQJ·.-1 8 VI 
~~~~~~C::we~.-t ~c w 
0 ·ri ~ U ~ C:: H ~ QJ •ri H ~ QJ QJ 0 ~ QJ S 
~'OOC::IGQJ•~'i-1.-t•O>QJC::QJ~QJU ::l 

SPECIES SEX LAB NO. DATE LOCATION ~ C:: ~ 0 P. VI 0.. 0.. QJ o.. ~ c:: :> '0 .-t o.. '0 w ~ 

&~~~~~~~~~~~j~~~~~ ~ 

Wolf F W60 26•04·84 Mission Farm + + + + + + + + + + + 
F W169 24•01•85 Evans, Ft. Smith + + + + + + + + + 
F W183 07•04•85 Evans, Ft. Smith + + + + + + + + + + 
F W184 08•04•85 Pine Lake Rd. + + + + + + + + + 
M W185 " Highway 5 + + + + + + + + + 
M W190 19•04•85 Plamondon Farm + + + + + + + + + + 
F W303 17•02•86 East Slave Lowland + + + + + + + + + 
F W304 " " + + + + + + + + + + 
M W305 " " + + + + + + + + + 
M W306 " " + + + + + + + + + 

Fisher M W32 13•01•84 Carlson's Landing + + + + + + + + H 
" M W33 " " + + + + + + + + H 
11 M W46 02•02•84 Campbell, Ft. Chip. + + + + + + + 
" M W47 " " + + + + + + + + 
II M W48 II II + + + + + + + + H 
II M W49 II " + + + + + + + + 
" F W50 " " + + + + + + + + H 
II F W51 " " + + + + + + + + H 
11 M W53 04•02•84 Snowbird Settl. + + + + + + + H 
II r' W167 29·01·85 Hudson, Ft. Smith + + + + + + + + + 
" F W168 II " + + + + + + + + 
11 F W194 15•05•85 Area I, WBNP + + + + + + + + 
" F W195 II " + + + + + + + + 

Black bear M -- 27•05•83 Parson Tower + 
" F -- 20•06•83 Pine Lake + 
" F -- 21•08•83 " + 
" M -- 31•08•83 II + 
" F W58 01•05•84 " + + + + + + + + + + + + + + 
" M -- 02•05•84 " + 
II F -- 12·05•84 II + 
11 M W59 " Salt River, WBNP + + + + 
" F W90 14•06•84 Parson Tower + + + + + + + + + + + 
11 M W93 20•09•84 Highway 5, WBNP + + + + + + + + + 
11 ? W96 28•09·84 Highway 5 + + 
11 M W97 29·09•84 Highway 5 + + + + 

Marten F W196 15•05•85 Area I, WBNP + + + + + + + + + 
II M W197 II II + + + + + + + + + 
II M W198 II II + + + + + + + + + 
II F W199 II II + + + + + + + + + 
II M W200 II II + + + + + + + + + 
II F W201 " II + + + + + + + + + 
II M W202 II II + + + + + + + + + 
II M W203 II II + + + + + + + + 
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Table 34: Inventory of tissues collected for bacteriology from wildlife species, other than bison and rodents, 
in and around Wood Buffalo National Park. (Continued) 

..... ..... ·ri Ill +J 
~ ,._. () s:: ...... () 

o Ill ..... -ri ·a a. Ill ..... ~ Ill ,._. 
E-1..... Ill ,._. Ill ,._. Ill 

E-1 ~ ::I "0 ·ri () QJ g' () 0 QJ ::: Ill 

0 ~~-fl~~H ~ ID-~H >.S:: Ill 
,._.QJQJO,._.QJ § ,._. "0 0 s:: Ill QJ • ,._. 4-1 ..... •1:1\QJS::QJ,._.QJU 

SPECIES SEX LAB NO. DATE LOCATION +J s:: ,._. 0 0.!11 O.O.QJ 0.+1 s:: :>"0.-t 0."0 Ill ,._. 
QJ Ill Ill ,._. QJ QJ ::I ::I ,._. 0 s:: ::I ·ri ·ri a. QJ "0 ~ QJ 
~~~~~~OOOO~~HHH~OO~O~ 00 

Lynx F W34 13•01·84 Carlson's Landing + + + + + + + + + H 
II F W52 04•02•84 Spruce Point + + + + + + + + + 
II F W161 31•12•84 Courtoreille, Ft. Chip. + + + + + + + 
II F W162 24•01•85 Hudson, Ft. Smith + + + + + + + + 
II F W163 II II + + + + + + + + + 
II F W164 II II + + + + + + + + 
II F W186 10•04•85 Evans, Ft. Smith + + + + + + + + 

Moose M W94 22•09•84 27th Baseline + + 
II F W134 12•12•84 Angus Tower + + + 
II M W135 23•01•85 Hay River + 
II M W182 10•04•85 Sawmill Island + + 
II F W189 17•04·85 sweetgrass + + + 

Mink M W35 13•01•84 Carlson's Landing + + + + + + 
II M W38 02•02•84 Campbell, Ft. Chip. + + + + + + + + 
II M W39 II II + + + + + + + + 
II M W57 04•02·84 Snowbird Settl. + + + + + + + 

Wdl. caribou F W121 18·11·84 Nyarling River + + + + + + 
II F W122 II II + + + + + + + + + + + + 
II F W123 II II + + + + + + + + + + + + 
II F W124 " " + + + + + + + + + + + + 

Coyote F W165 31•12•84 Courtoreille, Ft. Chip. + + + + + + + + + 
II M W166 II " + + + + + + + + + 

Wolverine F W36 13•01•84 Carlson's Landing + + + + + + + + H 
II F W170 II Area I, WBNP + + + + 

Woodchuck F W251 14•06•85 Highway 5, WBNP + 
Raven M W250 II II + 

* H = hemolysed serum sample collected from right ventricle of the heart at post-mortem. 
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