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ABSTRACT. In 1963,18 wood bison (Bison bison  athabuscue) were introduced to the Mackenzie  Bison  Sanctuary.  The population has  grown 
at a  mean  exponential  rate of r = 0.215 f 0.007, reaching 1718 bison 2 10 months of age by April 1987.  Analysis of annual population 
growth revealed a  maximum  exponential  rate of r = 0.267 in 1975,  followed  by a  declining  rate,  reaching  a low  value of r = 0.103  in  1987. 
Selective  predation on calves  was proposed  as  a  mechanism to explain the declining rate of population growth. 

The area  occupied by the population increased at an exponential  rate  of 0.228 f 0.017  km2.year". The  dispersal  of mature males  followed 
a pattern described as an innate process,  while  dispersal of  females and juveniles  exhibited  characteristics of pressure-threshold  dispersal. 
Key words: erupting population, dispersal, wood bison, Bison bison  athabascae, Northwest Rrritories 

RJ~SUMÉ. En 1963, on a introduit 18 bisons  des  bois (Bison bison  athabuscue) dans la Rtserve  de  bisons  Mackenzie. La population a connu 
un taux moyen de  croissance  exponentielle  de r= 0,215 f 0,007, atteignant 1718 bisons qui avaient 10  mois ou plus  en  avril  1987.  Une  analyse 
de la croissance annuelle de la population montre un  taux moyen de  croissance  exponentielle  de r = 0,267  en  1975,  suivi d'un taux en baisse 
jusqu'B r = 0,103  en  1987. On  avance que la prkdation  selective s'optrant sur les  veaux explique la baisse du taux  de  croissance  de la population. 

La superficie occupte par la population s'est accrue B un  taux  exponentiel  de  0,228 f 0,017  km2.an". La dispersion  des adultes mâles 
suivait un  modble  dkcrit  comme  un  processus innt, tandis que la dispersion  des  femelles et des  jeunes affichait les caradtristiques d'une 
dispersion due au seuil  de  pression. 
Mots clts: population en dtveloppement rapide,  dispersion,  bison  des  bois, Bison bison  athabuscue, Territoires  du  Nord-Ouest 

Tkaduit pour le journal par Ntsida Loyer. 

INTRODUCTION 

The saga  of the North American  bison (Bison bison) is 
chronicled as one of the most  tragic  examples  of  abuse  of 
wildlife on this continent (Roe, 1970; McHugh, 1972). At 
the close of the last  century the bison was at the brink of 
extinction.  The  plains  subspecies (B. b. bison) was  effectively 
extinct  in Canada by 1885, and only a few hundred  wood 
bison (B. b.  athabascae) remained  in the area  between  Lake 
Athabasca and Great Slave  Lake (Hewitt, 1921). Plains  bison 
recovered rapidly  in the early  years as a result  of  government 
conservation and land protection  measures but currently 
persist  largely  under  private  commercial  ownership  (Renecker 
et al., 1989). 

Until 1957 the wood  bison  was  considered to be  extinct 
owing to hybridization  with the 6673 plains  bison  trans- 
planted into Wood Buffalo National Park between 1925 and 
1928 (Banfield and Novakowski, 1960). The recovery of the 
wood  bison  since 1963 has  been a  conservation  success  (Wood 
Bison  Recovery  Team, 1988). Today's  wood bison  herds 
originate  from a small  remnant group of  bison  discovered 
in a  remote northern part of Wood  Buffalo National Park 
in 1957. Bison  were  removed  from that area to establish  herds 
in the Mackenzie  Bison Sanctuary west  of  Great  Slave  Lake 
in 1963 (Novakowski, 1963a,b) and  at Elk Island National 
Park in  central Alberta in 1965. 

Of the estimated 3000 wood  bison in the world,  approxi- 
mately  two-thirds are free  roaming in the vicinity  of the 
Mackenzie  Bison  Sanctuary. The growth  of the Mackenzie 
herd has provided an opportunity to examine the pattern of 
natural geographic and numeric  expansion  of an erupting 
large  herbivore population subject to predation. 

STUDY AREA 

The Mackenzie  wood  bison  herd inhabits an area  in the 
Upper  Mackenzie  Section  of  the  Boreal  Forest  Region (Rowe, 

1972). The area  lies in  the emerged  bed  of  a  once  vast  glacial 
lake  (Fig. 1). Glaciation  is  evident  from the occurrence  of 
shallow  oriented  lakes, drumlins and eskers. Postglacial 
isostatic  uplift  raised the shallow  lakes, lowered water levels 
and has  caused plant growth to invade  lake  margins. 

Meadow  communities  are  associated  with  the  shallow  lake 
beds.  Wet  meadows are dominated by varying proportions 
of  slough  sedge (Carex atherodes) and water  sedge (C. 
aquatilis). Dry meadows are  dominated by varying 
proportions of slough sedge,  several  grass  species 
(Calamagrostis spp., Agropyron spp., Phalaris  arundinacea, 
Agrostis scabra) and willows (Salk spp.).  Forest  fires  in 1974 
and 1980 modified a fen-dominated  area  near  Mink  Lake, 
improving the habitat for bison. Although meadows  con- 
stitute the most important habitats for bison,  they  only  rep- 
resent 6% of the area (from  Mychaisw, 1987). 

FIG. I. Map  of the study  area.  The  dotted  line  indicates  the wood  bison  range, 
The Mackenzie  Bison Sanctuary is outlined by a  solid  line. 
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Coniferous and mixed  coniferous/deciduous  forests  are  the 
dominant cover types.  Extensive stands of jackpine (Pinus 
banksiana) and spruce (Picea glauca, I? mariana) are found 
in association with aspen (Populus tremuloides) or balsam 
poplar (I? balsamifera). Soil moisture conditions and fire 
history  determine the distribution and association of forest 
stands. 

Part of the range  occupied by the Mackenzie  bison popu- 
lation lies  within the Mackenzie  Bison  Sanctuary,  designated 
under the Northwest Brritories Wildlife  Act in 1963. The 
sanctuary provides a useful  geographic  reference, although 
it affords no legal protection to  the bison or their habitat. 

In both 1974 and 1980,  large  forest  fires burned an area 
near  Mink  Lake,  resulting  in a successional association of 
sedges,  grasses and willows suitable for bison. This  area of 
open habitat is  approximately 400 km2 and is found in the 
northwestern part  of the bison  range. 

In addition  to bison, the study area supports populations 
of  woodland  caribou (Rangver tarandus caribou) and moose 
(Alces alces), which  serve  as alternate prey for wolves (Canis 
lupus). Wolves are  common  in  the  area,  although  their  density 
is  unknown.  Black  bears (Ursus americanus) are present but 
are not  abundant. 

METHODS 

Population Growth 

Total counts of bison were made by aerial surveys  of the 
study  area  between 1964 and 1987. The census  zone  increased 
over  time as observations of  bison and their signs were seen 
in adjacent areas. Counts were carried out by various 
employees  of the Northwest ‘Rrritories Wildlife  Service and 
the Canadian Wildlife  Service.  Unpublished  survey reports 
are on file  with the Northwest ‘Rrritories Department of 
Renewable  Resources in Yellowknife and Fort  Smith. 

All  censuses but one were conducted during the period 
January  to early  April;  in 1982 a  total count was made in 
June (T.  Chowns,  pers.  comm.  1984). Prior to 1987 the survey 
procedure was to search  all  meadows  known to be inhabited 
by bison and prominent trail systems  connecting them. In 
1987, the areas  lying  between the meadows  were  searched 
by flying  systematic  parallel  transects  spaced at  3 km intervals. 
Altitude was maintained at 300 m above  ground  level.  When 
bison tracks or trails were  seen  in the snow, the vicinity was 
searched.  Bison  groups  were  circled and counted visually. 
Large groups were photographed to assure a correct count. 

llends in the annual rate  of  increase  were  examined  using 
polynomial smoothing to generate a complete  time  series  of 
population  estimates  for the 24-year period.  Annual 
exponential  rates  of  increase (r) for each  year  following 
introduction were calculated from sequential  estimates of 
population size. 

W o  transect surveys for moose  were carried out during 
the early  years after  the bison were introduced. Although 
transect surveys are  known to underestimate  moose 
abundance (Gasaway et al., 1986) and caribou numbers, the 
surveys  provided an index  of the abundance of  these  two 
species. 

Population Structure 

Surveys  were carried out between  1984 and 1988 to 
determine  the proportions of adult males,  females (1 2 years 
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old) and yearlings in the population. Classification criteria 
followed  those  outlined by Fuller  (1959).  Yearlings  were  bison 
ranging in age  from 9  to 14 months. 

Single animals or very small  groups were classified  from 
a helicopter  flying at low  level.  Larger  aggregations  were  clas- 
sified by observers on  the ground  using spotting scopes. 
Year1ing:cow ratios were determined  from  late  March  through 
August. The  adult sex ratio was determined during summer 
or fall. 

Survival Estimates 

Adult  survival (2 1 year) and calf  survival  were  estimated 
by  successive approximation from a model  based on  a life 
table analysis  technique  described by  Thylor and Carley 
(1988). The  derived  values for adult and calf  survival  satisfied 
the estimated rate of increase for 1986-87 and  the observed 
mean ratio of yearlings:?  2-year-old cows. 

The population was represented by the number  of  females 
in  each  age  class  between 0 and 25  years old. An  initial  female 
population with a  stationary age distribution and rate of 
increase  equal to the mean  rate  observed for the study period 
1964-87  was manufactured. Then the observed population 
statistics for the period 1984-88 and survivorship  values were 
applied. The model population was  of the birth-pulse type, 
with  ages  of  all animals at the birth pulse  being  taken  as an 
integral  number of  years.  Birth  rate  was  zero for 1- and 2-year- 
olds, and 0.35  female  calves for age  classes 3 to 25,  equal 
to half the observed  pregnancy  rate in ? 2-year-olds.  The 
model  reported  rate of  increase and year1ing:cow ratio after 
the  birth pulse but before the onset of the year’s  mortality. 
Forty iterations assured  stable reported values. 

Reproduction and Condition Evaluation 

Pregnancy was determined by two  techniques.  Autopsies 
were conducted  on  the 28 adult females (? 2 years old) culled 
in both winters.  Assays  of  serum  samples for pregnancy- 
specific  protein B (PSPB) were  used from 16 chemically 
immobilized adult female  bison  (Sasser et al., 1986). 

Maximum depth of backfat and Riney  kidney fat index 
(Riney,  1955)  were recorded for culled  bison.  Fat content of 
femur  marrow from culled animals was analyzed  following 
the method  of  Ransom  (1965). A visual  assessment  of  femur 
marrow colour and consistency  provided a crude index  of 
condition (Riney,  1955) for bison  presumed to have  been  killed 
by  wolves. Sampling was carried out in  March  1987 and 1988. 

Range  Expansion  and  Dispersal 

Animal  locations  determined  from  each of  11 censuses  were 
analyzed by the minimum  convex  polygon  method  using the 
Microcomputer  Program  for  the Analysis of Animal 
Locations  (MCPAAL)  (Stuwe and Blohowiak, 1985). The 
analysis  provided a measure of the instantaneous dispersion 
of the bison population at the time  of  census. 

RESULTS 

Population Growth 

In August 1963,4  adult males, 12 adult females and  4 calf 
wood  bison were released into the wilderness  near  Fort 
Providence,  thereby  establishing the Mackenzie  wood  bison 
population. W o  bison  presumably  died soon after release 



(J. Bourque,  pers.  comm. 1986). Reproductive  success was 
evident in the first year after release; 4 calves  were  observed 
in 1964. 

Census  results  showed the population grew at a mean 
exponential rate of 0.215 f 0.007(s.e.) during the 24 years 
after  introduction  (Fig.  2),  reaching a maximum  of 1718 bison 
2 10 months of age in 1987. 

Observed counts and  the vector  of population estimates 
derived by polynomial  smoothing were  highly  correlated (r 
= 0.998). The exponential  rate  of  growth  determined  from 
the time  series  of  census  estimates  varied  widely during the 
first few years  after the introduction (Fig. 3). During the years 
1975-87, the growth  rate  declined  according to the  relationship 
Y = 0.382 - 0.114 (r2 = 0.86, p < 0.001), reaching a low 
value  of 0.103 in 1987. 

Population Structure 

The  adult sex ratio was similar among three composition 
surveys (X' = 1.94, df = 2, p > 0.05). The average ratio 
of malesfemales in the adult population (2 2 years) was 0.76 
(Table 1). 

The  Mackenzie  bison  population was distributed  primarily 
in two  areas. The Mink  Lake  area  (Fig. 1) was colonized by 
bison in the early 1980s. In 1987, 72% of the herd was 
observed in the Mackenzie  Bison  Sanctuary.  Interchange 
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FIG. 2. Growth of the  Mackenzie  wood  bison  population  from 1964 to 1987. 

TABLE 1. Sex ratio of adult bison (M:F 2 2  years of age)  in  the 
Mackenzie  population 

Date Total Bulls cows Ratio 
July 1984 618  253 365  0.69 
November 1984 559  243 316 0.71 
June 1988 764  341 423 0.81 

Total 1941  837  1104  0.76 
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FIG. 3. Changes  in  the  annual  exponential  rate of growth of the  Mackenzie 
bison  population  based on a complete  series of estimates  calculated  with 
a polynomial  smoothing procedure. 

between the two areas is thought to be  minimal  (Larter, 1988). 
Year1ing:cow ratios (Thble 2) compared  between  areas  showed 
no significant  differences  within  years.  The  mean  year1ing:cow 
ratio for the entire Mackenzie  bison population across  years 
was  0.30 f 0.03(s.e.), n = 4. 

Survival Estimates 

An adult survival  rate of 0.97 and a calf  survival  rate  of 
O S 5  satisfied the rate of increase for 1986-87 and  the mean 
year1ing:cow ratio observed during 1984-88. 

Reproduction and Condition Evaluation 

Nineteen  of 28 culled adult female  bison (1 2 years) were 
pregnant at autopsy. 'Rvelve  of 16 adult females captured by 
chemical immobilization were determined to be pregnant 
from the presence  of  serum  PSPB.  Only one 2-year-old was 
included in the sample; it was pregnant and would therefore 
have  calved as a 3-year-old. In addition, one yearling  female 
(18 months  old)  collected  in  December 1987 was not  pregnant. 
The overall adult pregnancy  rate was 0.70 (n=44). 

TABLE 2. Yearling  (male and  female):  cow  ratios  for  bison in the 
Mackenzie  Bison  Sanctuary  and  Mink Lake  areas 

MBS ML 
Date Cawsa2yr Yealings Ratio c a v s l 2 y r  Yearlings Ratio 
MarchJuly 

1984 439  112 0.26 46 14 0.30 
August 1985 153 59 0.39 29 10 0.35 

1986  215 99 0.36 49 8 0.16 
June 1988 319  71 0.23 104 26 0.25 

Mean  yearling:  cow  ratio 0.31 f 0.04 0.27 f 0.04 

April-August 
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Backfat depth and Riney  kidney fat indices were signifi- 
cantly lower in  female and calf bison collected in March 1988 
than in  March 1987 (Thble 3) but demonstrated that bison 
were in good condition for the time of  year. The difference 
in condition of  females  between  years was not confounded 
by the effects of pregnancy; all females in the 1987 sample 
were pregnant, and only 1 of the 4 in the 1988 sample was 
pregnant. The mean percent femoral fat content for 4 calves 
collected in March 1988 was 56.6 k 8.0 (s.e.). The colour 
and texture of femur marrow  in 15 of 20 wolf-killed  calves 
were similar to culled  calves and the marrow was judged to 
have  a  similar fat content. Specifically,  there was no evidence 
of  severe, prolonged nutritional stress  in  culled  bison or in 
bison calves  killed  by predators. 

TABLE 3. Comparison (t-test) of backfat  depth  (mean f s.e.) and 
Riney (1964) kidney  fat  index  (mean f s.e.) in  wood bison cows 
and  calves  (sample  size is indicated in brackets) 

March 1987 March 1988 t-stat P 
Backfat  depth (mm) 

Cows (6,4) 20.8 f 2.9 4.5 f 1.9 4.20 0.003 
Calves (3,4) 2.7 f 1.2 0.1 f 0.1 2.50 0.054 

Cows (6,4) 2.0 f 0.3 0.6 f 0.2 3.45 0.009 
Calves (3,4) 0.9 f 0.2 0.4 f 0.1 2.78 0.039 

Riney  index 

Predation  and Alternate Prey 

Three transect surveys were conducted in February 1965, 
December 1971 and April 1987. Results were similar for the 
two  early  surveys:  moose  densities  were 0.059-km-2 in 1965, 
87 moose  seen along 1834 km  of transect (unpubl. report 
on file with the Department of  Renewable  Resources, 
Government  of the N.W.T., Yellowknife), and 0.066-km-' in 
1971,82 moose  seen on 1496 km of transect (unpubl. report 
on file with the Department of  Renewable  Resources, 
Government  of the N.W.T., Yellowknife, N.W.T.). Caribou 
tracks and feeding  craters  were common. Seveml other unpub- 
lished reports allude to abundant moose and caribou in the 
area during the 1960s and early 1970s. 

During our 1987 bison survey, we used linear flight paths 
comparable to  the earlier transect surveys.  Only one moose 
was observed on 1075 km of transect; no caribou tracks or 
craters were  seen. Observations made by researchers  travelling 
on  the ground during the past five  years are consistent with 
the trend determined from aerial observations; moose and 
caribou were  rare. 

Observations of  wolf-killed bison were first recorded in 
winter 1983. Since then, 24 presumed  cases  of  wolf predation 
on bison have  been  recorded, all during winter months. 
Although wolves  were  never  seen attacking bison, there was 
sufficient evidence  of the presence  of  wolves in each  case 
to reasonably conclude that wolves  were responsible for 
deaths or wounding.  Bruising, lacerations and puncture 
wounds were consistent with attack patterns reported for 
wolves  (Fuller, 1966; Buskirk and Gipson, 1978). Black bear 
predation was  unlikely  because bears den during the winter, 
when all of the observations were made. 

Bison  kills were used by  wolves in  a pattern similar to  that 
reported for moose and elk (Cervus elaphus) by Carbyn 
(1983). In two  cases,  bison  calves were found alive but severely 
wounded by  wolves and were unable to move  away  when 
approached on  foot. 

Calves  were the largest  age  class  in the sample  of wolf kills, 
20/24, or 83%. The oldest bison killed was a  14-year-old 
bull (age  determined by counting cementum annuli). 

Range  Expansion  and  Dispersal 

Range  expansion  occurred primarily to the west and to 
a  lesser  extent to the north (Fig. 4). Occasional sightings  of 
mature  male  bison have  been  reported south of the Mackenzie 
River during the late 1980s. 

Shortly after their release, the bison moved to Falaise  Lake 
(Fig. 1). Bison  were  seen  only on Falaise  Lake during censuses 
until 1968. The first evidence  of  expansion  beyond  Falaise 
Lake was recorded in November 1968, when three herds were 
seen  in the vicinity  of Calais Lake. In the January 1969 and 
March 1972 censuses,  bison  occurred in a  similar distribution. 
In January 1974, all but 6 of 171 bison  counted were on Falaise 
Lake, indicating that bison moved  between various parts of 
their occupied  range.  Bison were first found on Boulogne 
Lake in November 1973. In April 1974, bison tracks and 
feeding  craters  were  seen again on Boulogne  Lake.  Bison  sign, 
probably a  single animal, was also seen north of Caen Lake, 
the farthest north  that bison  sign had been  observed.  Bison 
were first seen in the southwestern area of the Mackenzie 
Sanctuary in  February 1981 (3 bulls). 

l ko  bison  bulls  were  seen  near  Mink  Lake in August 1980, 
shortly after the fire was brought under control. In 1981 and 
1982,  10 male and 30 unclassified  bison were reported  respec- 
tively. The first evidence  of an established  breeding popu- 
lation was made during a  survey  in  March 1983;  84 bison 
were counted, including an unspecified  number  of  calves born 
the previous year. The number of bison in the Mink Lake 
area  has  continued to increase  since 1983; the greatest  number 
seen was 487 in April 1987. 

In March 1986,  15 bulls were  seen in  small  groups or singles 
near the  north shore of  Mills  Lake;  in April 1987,  23 bulls 
were seen. The occurrence  of mature bulls in peripheral  areas 
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FIG. 4. Dispersion of wood  bison  at  the  time of census  for  four years between 
1968 and 1987. Open  circles  represent  male-only  herds or singles;  small dots 
represent  herds of mixed  sex  and  age  composition;  large dots represent  the 
approximate location of more  than one herd. 



is characteristic for the Mackenzie  herd.  'Ifrpically,  they  have 
been  seen as singles,  pairs or in groups of  fewer than 5 .  

The minimum  polygon  area  occupied by the population 
increased  exponentially  between 1968 and 1987 at a rate of 
0.228 f 0.017(s.e.) km2-year" (3 = 0.953, n=ll). Range  size 
(km2) was related to  opulation size by the equation: Y = 

Range  expansion  was  periodic,  reflecting  two  peaks in 
density,  followed  by sharp decreases  as the population 
increased  its  range  (Fig. 5).  One episode of expansion 
occurred  between  1968 and 1972  as  greater  use  was made 
of the Mackenzie  Bison  Sanctuary. Population size  increased 
within the sanctuary until 1980,  when a large  segment  of the 
population began to make  use  of the Mink  Lake area. The 
exponential  rate  of population growth was  weakly related 
to density (? = 0.08, p > 0.40). 

-449.28 + 4 . 5 2 ~ ~  P = 0.929, p < 0.001. 

DISCUSSION 

Eruptive fluctuations of  large  herbivores  occur in well- 
established  populations  (Sinclair,  1977,1979; Houston, 1982) 
and  in  populations  recently  introduced  into  uninhabited  areas 
(Scheffer, 1951; Klein,  1968;  Caughley,  1970a;  Leader- 
Williams,  1980,1988;  McCullough,  1982). Although the cir- 
cumstances  of liberation or release  from a limiting factor 
may  vary, the underlying factor contributing to  the initial 
eruptive  growth phase is the large  discrepancy  between 
available  forage and herbivore  density  (Riney,  1964).  Caughley 
(1970a) proposed four stages in an eruptive  oscillation: an 
initial period of rapid  growth,  occurring from the time  of 
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FIG. 5.  Trends in  the  density  (bison.krn-*) of the Mackenzie wood bison 
population. 
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liberation until peak  density  is  reached; a subsequent  period 
of initial stability; a period of rapid decline; and in  stage 
four, populations oscillate  with an amplitude determined by 
a host of environmental factors. 

There  has  been  considerable debate about factors that 
regulate  density or continued  growth  of  large  herbivore  popu- 
lations. Dispersal, food availability, predation and disease 
have  received the  most attention. Controversy  persists  around 
the relative  roles  of food, predation and weather.  Caughley 
(1970a,  1976)  held the view that the eruption of ungulates 
was food related,  regardless  of predator numbers.  An alter- 
native view  was that  at least  some  herbivore populations are 
maintained below  levels at which food is limiting either by 
predation (Mech and Karns,  1977;  Caughley et al., 1980; 
Gasaway et al., 1983;  Messier and Crete,  1985) or by disease 
(Sinclair,  1979;  Berry,  1981). In temperate  regions,  Bergerud 
has  described  several  systems  in  which  large  herbivores were 
regulated by  wolf predation (Bergerud et al., 1983;  Bergerud 
and Elliot, 1986;  Bergerud and Ballard,  1988).  Messier et al. 
(1988)  suggested that a greater  year-round competition for 
food resources and a greater  energy  expenditure  associated 
with  range  expansion were probable  regulatory factors for 
the George  River caribou herd in northern Quebec. 

For the Mackenzie  wood  bison population, evidence was 
found of density  dependent  range  expansion and predation 
acting to limit  density and population growth  respectively. 
Disease  was not a factor (Tessaro,  1988). 

Population  Growth 

The mean exponential  growth  rate of the Mackenzie  bison 
population (r = 0.215)  exceeded  rates  reported for  other  bison 
populations. The Wainwright  Buffalo  Park  herd  increased 
at  an exponential rate of  0.18 (calculated  from data provided 
in  Roe,  1970). The  Henry Mountains bison population in 
Utah grew at a maximum  exponential rate of  0.09  between 
1977 and 1983  (Van  Vuren and Bray,  1986). The maximum 
exponential  rate of  0.27 for the Mackenzie  population  during 
the mid-1970s could  only have  been  achieved  with little or 
no mortality in  any  age  class, and with  maximum natality 
rates for mature cows (Calef, 1984). 

Such a high  level  of  productivity  is  only  reported for  captive 
populations of bison. Van  Vuren and Bray  (1986) calculated 
a mean  pregnancy  rate  of  0.79  within a range  of  0.67-0.86 
for five confined herds. The pregnancy  rate  of  0.70 for 
Mackenzie  2-year-old and older  females was  lower than  that 
found in confined herds but was comparable to rates found 
in four other wild populations (Fuller,  1966;  Meagher,  1973; 
Lott and Galland, 1985;  Van  Vuren and Bray,  1986). 

Dispersal  and  Range  Expansion 

Wood bison  use a variety  of habitats, exhibiting distinct 
seasonal patterns (Larter, 1988).  Wet  meadows and mesic 
meadows  are important winter and summer habitats (Larter, 
1988). In winter,  bison  are  found almost exclusively  in  sedge- 
dominated wet  meadows. Other studies have also demon- 
strated the preference  of  bison for sedge-dominated habitats 
during winter  (Soper, 1941; Meagher,  1973;  Reynolds et al., 
1978; Campbell and Hinkes,  1983). 

Range  expansion  of  wood  bison  depends on the distri- 
bution of  meadow habitats; bison do not occupy  areas  in 
which  meadows  are absent. Nachman (1981) suggested that 
the average  distance  between  empty  patches  increases as mean 
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population density  increases,  hence  reducing the chance of 
a migrating individual colonizing an uninhabited patch. It 
follows that  the limit to geographic expansion of the 
Mackenzie population will  be  determined by the distribution 
of unoccupied  meadow  patches. The  north shore  of  Mills 
Lake (Fig. 1) represents the last habitat patch of significant 
size into which  bison  may  expand. Other  potential areas north 
of the present  bison distribution are characterized by small, 
widely  spaced  patches  of  meadow. 

Dispersal  is  crucial to the existence  of a species in heter- 
ogeneous and varying  environments (Vance, 1984). Waser 
(1985) concluded that competition  for  vital  resources  limiting 
to reproduction is the primary factor governing  dispersal. 
Although terminology for dispersal  tends to be fluid, con- 
ventional  models  describe the process  as “innate” or as 
“pressure”  dispersal.  Under innate dispersal, individuals 
emigrate by more or less  random diffusion in  response to 
a genetically  predetermined disposition, rather than  to 
environmental  conditions  (Howard, 1960). Pressure  dispersal 
describes  the  process  whereby  individuals  disperse  only  when 
density  reaches a threshold  (Caughley, 1977), e.g.,  in  response 
to competition for food resources.  Caughley (1977) also 
pointed out  that innate dispersal often entails a movement 
many  times  longer than  the average  radius  of a home range, 
whereas  pressure  dispersal  more commonly entails a short 
journey ending  when the animal encounters favourable 
conditions. 

In wood bison, both models appear  to be  operative. First, 
only mature males  (minimum of 5 years old) are found in 
peripheral habitat patches. Competition for food resources 
appears an unlikely explanation for this behaviour.  Several 
authors have  considered  which  sex should  benefit  more  from 
dispersal  (Clutton-Brock and Harvey, 1976; Packer, 1979; 
Greenwood, 1980; Bunnell and Harestad, 1983). Females 
invest  heavily  in offspring, while  males  invest  relatively little 
and compete for access to females.  Greater  benefits  accrue 
to males  gaining  access to a large  number  of  females.  Because 
intra-sexual competition is  more  intense among males than 
females,  many  males  are  denied  access to females.  During 
the rut, most  mature  male  bison  become  solitary and nomadic 
but attempt to gain  access to breeding  females by testing the 
dominance of  bulls  in  female groups (Herrig and Haugen, 
1969; Petersburg, 1973; Lott, 1974; Melton et al., 1989). As 
female/juvenile  wood  bison  aggregations  are  small,  widely 
scattered and may  occupy  any habitat type during the  rut 
(Melton et al., 1989), nomadism  increases the probability of 
encountering  female  groups from which the dominant bull 
may  be displaced. Nomadism is proposed  as the mechanism 
underlying the greater  dispersal  of mature male  wood  bison. 
In addition, owing to their great  mobility during the rut, 
nomadic  males  are  more  likely to encounter unoccupied 
habitat patches,  hence the observed distribution of  males  in 
patches that are  remote from the main  occupied  areas. This 
pattern of  dispersal conforms to Howard’s (1960) definition 
of innate dispersal. Among other  northern large  herbivores, 
male  muskox (Ovibos moschatus) appear to exhibit a similar 
pattern of dispersal  (Smith, 1989). Caughley (1970b) observed 
a distribution pattern in a newly liberated thar (Hemitragus 
jemluhicus) population that suggests a pattern of  dispersal 
similar to  that observed  in the Mackenzie  wood  bison 
population. 

The greater philopatry of  female  bison can be  explained 
by the  greater  direct  investment of this sex in offspring. They 

should  benefit  most  from  being  relatively  sedentary,  persisting 
in an area in  which the availability and dispersion  of  forage 
resources  is  predictable (Clutton-Brock and Harvey, 1976; 
Packer, 1979). However, large-scale  expansions  in  range  size 
reflected sudden shifts in the distribution of female/juvenile 
groups. n o  attributes of this pattern of  range  expansion 
support the conclusion that  the female population was 
responding to environmental  stress. First, major range  shifts 
occurred in two  episodes  when  density was high, one in the 
early 1970s and another in the early 1980s. Second, the gener- 
alized pattern of increase in range  area was exponential, a 
characteristic of  pressure-threshold  dispersal  (Caughley, 
1977). Meagher (1989) attributed range  expansion  in  bison 
in Yellowstone National Park to stress  dispersal brought on 
by an exceptionally  severe  winter. 

Expansion of the Mackenzie population was density 
dependent; major shifts occurred  when a critical density 
threshold of 0.5-0.8 bison.km-2 was reached. The most par- 
simonious explanation for the observed pattern of range 
expansion  is an adaptation  to avoid a high level  of resource 
limitation. 

The  main  consequences  of  dispersal  in a patchy 
environment  are: (1) lower population density, (2) higher 
relative  density  of  resources, (3) greater population stability 
and (4) maximizing  of individual fitness  (Lomnicki, 1980). 
However, the lack  of correlation between  density and rate 
of population increase  seen in the wood  bison  indicates that 
no strong regulatory  mechanism was operative up to 1987. 

Predation 

Given a choice,  wolves  exhibit a preference for moderate 
size  prey  species  (Murie, 1944, Mech and Frenzel, 1971; Van 
Ballenberghe et al., 1975; Carbyn, 1983). The relationship 
between  wolves, bison, moose and caribou in the Mackenzie 
Bison Sanctuary may be  similar to the relationship  described 
among moose, caribou and wolves in the Nelchina caribou 
population (Bergerud and Ballard, 1988) and  for wolves, 
moose and woodland caribou in Alberta (Edmonds, 1988) 
and British  Columbia  (Bergerud and Elliot, 1986). Possibly, 
bison  are not diverting predation from  moose and caribou; 
rather, they  are  exacerbating it. 

Wolves associated  with the Mackenzie  bison  herd  exhibited 
a preference for bison  calves, a pattern reported for other 
bison populations (Fuller, 1966; Oosenbrug and Carbyn, 
1985; Van Camp, 1987). With an increase in bison  calf 
biomass, wolf density may  have increased,  exhibiting a func- 
tional response caused by improved nutritional  status 
(Packard and Mech, 1980; Keith, 1983; Messier, 1985,1987). 
Increased wolf density  would  lead to higher  wolfimoose and 
wolfxaribou ratios and possibly  increased  rates  of  predation 
on these  species. This may  explain the perceived  decline in 
moose and caribou numbers. 

Furthermore,  the  rate of  wolf predation on the  bison  popu- 
lation would  have increased as alternate prey density 
decreased and the wolf population increased. We observed 
a decline  in the growth  rate  of the bison population after 
1975. Unfortunately data  on year1ing:cow ratios prior to the 
present study are  lacking and we cannot confirm a decline 
in  calf  survival.  Calves were the most common cohort found 
in wolf kills,  with annual mortality from  all  causes  estimated 
at 45%. Adult  survival,  estimated from life table analysis, 
is apparently very high. We suggest that in  recent  years 
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declining  calf  survival  has  been the main factor contributing 
to the  decrease  in  rate  of  growth  of  the  Mackenzie  wood  bison 
herd. 
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