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ABSTRACT

Wbod bison introduced to the Mackenzie Bison Sanctuary in
1963 increased at a mean exponential growth rate of r = 0.215
during the period 1964 to 1987. The rate of popul ation growth has
slowed since 1975. However, wth the continued increase in herd
size a controlled hunt was allowed for the first time during the
1987/ 88 hunting season. Four bison were killed froma quota of 20
mal es. Twenty males were killed in 1988/89 when the quota was
increased to 40 males. A census was conducted in March 1989,
enpl oying a conbination of total counts and sanpling to estinate
bi son nunbers. The nunber of bison estimated in the sanpled
strata was 1048 + 229 (se.). Total population size was estimted
to be 2431 bison based on census results. The cal cul ated 95%
confidence range for the annual exponential rate of increase (xr)
Be;geen 1987 and 1989 based on the census estimate was 0.07 to

A denD?raphic model was constructed to provide alternative
estimates of population size and rate of increase, based on the
1987 total count and denngraphic parameters. Wth this method the
estimated size of the herd in March 1989 was 2040 and a growth
rate for 1988/89 of r = 0.11 was calculated, accounting for
hunting | osses and estimated natural nortality. The accidental
| oss of 177 bison caused by deteriorating ice on Falaise Lake in
May 1989 resulted in a total population of 1863 in June 1989 and
a net rate of increase of r = 0.02 for 1988/ 89.
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| NTRODUCTI ON

The Mackenzie wood bison (Bison bison athabascae) herd is

the largest population of this subspecies of bison, representing
approximately two thirds of all wood bison (Wod Bison Recovery
Team 1987). The herd originated with the transfer of 18 wood

bi son captured in northern Wod Buffalo National Park in 1963.
During the period 1964 to 1987 the herd grew at a nean

exponential rate of r = 0.215, reaching 1718 bison in 1987 (CGates
and Larter 1990) . Herd growth declined after 1975, reaching a
lower rate of r = 0.103 in 1986-1987. Cates and Larter (1990)
specul ated that predation was an inportant factor contributing to
the slowing rate of growth. Wth the continued positive growh of
the herd, a controlled hunt was allowed for the first tine during
the 1987/88 hunting season; four bison were killed froma quota
of 20 males. The quota was increased to 40 males in 1988/89; 16
tags were allocated to the Fort Providence Hunters and Trapper’'s
Association, 12 to the Dogrib Tribal Council and 12 were offered
to eligible resident NWI' hunters.

The Department of Renewable Resources is involved in a
number of cooperative studies on the ecology of the Mackenzie
wood bison herd. Anong these, periodic censuses and surveys are
undertaken to estimate the size and structure of the herd. This
report provides the results of a late winter census and a post-
calving conposition survey in 1989 and, based on a denographic
model , provides an evaluation of the inpact of nortality from

regul ated hunting and accidental deaths during 1988/ 89.



METHODS

Popul ati on Estimates”

A Cessna 185 fixed-wing aircraft was used for a census
during March 28 through April 3, 1989. The census zone (Figure 1)
was stratified based on prior know edge of the distribution and
density of bison obtained from radio-telemetry relocation
flights. An effort was made to count all bison in the areas of
Falaise Lake, Boulogne Lake, calais and Dieppe | akes, and the
area near Mnk Lake where bison were expected to be concentrated.
These "total count areas" were searched intensively fromthe air
for bison. Large groups of bison (>20) were phot ographed to
assure an accurate count.

Alimt to the census zone was set in the northern portion
of the Mackenzie Bison Sanctuary that reflected the presuned
northern limt of the herd. A general reconnaissance flight was
undertaken north of this area to |locate additional bison. Bison
counted there were included in the total population estimte.

The remai nder of the census zone was sanpled using a
stratified systematic transect survey. Evenly spaced transects
were established for each of the sanpled strata. Sanpling
intensity (distance between transects) was optinally allocated
based upon available air time and expected bison density. The

transects ran across the shorter dinension of each stratumto
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I ncrease the nunber of sanpling units and reduce sanpling error
(Norton-Giffiths 1978). Altitude was naintained at 500 m
aboveground level. Strut markers were positioned according to the
fornmula provided by Norton-Giffiths (1978) to enable observers
to nonitor a transect width of 500 mon either side of the
aircraft. Population size and variance was cal culated for sanpled
strata follow ng nethod two described by Jolly (1969). A polar
pl animeter was used to calculate stratum areas. The survey crew
consisted of a pilot, a navigator and two observers. Bison
observed on transect were recorded separately from those observed
off transect.

A denographi ¢ nodel was constructed to provide an alternate
estimate of popul ation size based on yearling:cow ratios observed
“in 1988 (ratio = 0.23, Gates and Larter 1990) and 1989 (this
report ) and assunptions about adult survivorship (males = 0.90,
females = 0.97) and adult sex ratio (0.83 M 1 F, Gates and
Larter 1989). The 1987 total count was used as an initial
popul ation size in the nmodel, divided into two population
centres, Mnk Lake (n=487) and Mackenzi e Bison Sanctuary
(n=1231). An initial stable population age structure was
generated by applying the average rate of growh of the herd
between 1964 and 1987 (Gates and Larter 1989). The nodel
incorporated nortality from hunting in 1987/88 and 1988/ 89 and
fromdeaths in spring 1989
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Composition Survevs

During June 10 through 23, bison were classified to
deternine popul ation conposition. Mle bison > 2 years were
classified in the follow ng categories:

Cass |: Approxinmate age 2-3 years. Juvenile nales,
characterized by a body size simlar to adult cows,
with horns curved straight up (spike horns)

Cass |l: Approxinmate age 4-6 years. Subadult nal es,
characterized by large body size, horns curved straight
up (spike horns) , frontal display hair not well
devel oped and not filling space between horns.

Class IIl: Mature males (> 5 years), characterized by |arge
body size and curved horn tips, frontal display hair
filling space between horns.

Class IV: Od nmales, simlar to nmature males but with

bilaterally brooned horns.

O her categories used for classifying bison were the follow ng:

Cal ves: Reddi sh-brown pelage and very small body size.

Yearlings: Pelage the sane colour as adults but with body
size internediate between calves and adult cows and
short, straight, goat-like horns.

cows : Body size much larger than yearlings, horns variable

in length, thinner than in males, and curved upwards.
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(bservers were positioned near groups of bison by helicopter
or with all-terrain vehicles. Bison in the vicinity of Mnk Lake
were classified on one day, June 21. Bison in the Mckenzie
Sanctuary were classified on 10 separate days between 10 June “and
23 June. The chi-square test was used to conpare frequencies of

sex and age cl asses between areas.

Age Structure of the Harvest and Natural Deaths

The ages of bison killed by hunters or found dead in spring
1989 were estimated from tooth replacenment sequences, to the age
of 3 years after which permanent teeth are erupted (Fuller 1959,
Wegrzyn and Serwatka 1984). Permanent incisor teeth (1,) were
collected for later age determ nation by histology; histological
analysis is currently in progress. Birth date was standardi zed to

June 1 for the purpose of age structure analysis.

i
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RESULTS

Popul ation Estimates

During the census the greatest concentrations of bison were
seen on Fal ai se Lake, Boulogne Lake and in the vicinity of M nk
Lake (Table 1). Bison in the total count areas accounted for
approximately half of the estimated total popul ation size.

Stratum | contained the greatest density and nunber of bison
anong the sanpled areas (Figure 1) . The coefficient of variation
of the estimate for this area was the |owest of any stratum
(Table 2).

The total nunber of bison observed in the sanpled strata,
both on and off transect, was 397. The total observed during the
census was 1780. The nunber of bison estimated in the sanpled
strata was 1048 + 229 (se.) ; the 95% confidence interval for the
estimte was 602 to 1494. Total population size was estimated to
be 2431 bison, including bison counted in the total count areas
and bison numbers estimated in sanpled strata.

By conbining the total count data with estimates from the
sanpl ed areas, the 95% confidence range for the popul ation
estimate for March/April 1989 was between 1985 and 2877 bi son.
Based on these limts the calcul ated raﬁge for the annua
exponential rate of increase (r) between 1987 when 1718 bi son

were counted and 1989 was between 0.07 and 0. 26.



Tabl e 1.
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The nunber of bison observed in total count census
areas in March 1989.

Area Number count ed

Di eppe Lake 0
Nort hern Mackenzie Sanctuary 46
Sharun and Fawn | akes 10
M nk Lake 249
Boulogne Lake 415
Falaise Lake 663

Tot al 1383

Table 2. Bison population estinmates for sanpled strata.
Sanpling Density
Stratum N Intensity(% (kmz) Estimte s.E. c. V.
I 22 37 0.29 . 593 151 0. 26
I 19 18 0.12 209 128 0.61
1] 14 14 0.03 78 71 0.91
1V 13 35 0.44 168 87 0.52
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Popul ation size (N = 2040) estimated with a denographic
model that excluded 1989 spring nortality was close to the |ower
limt of the 1989 95% confidence range (Table 3). Popul ation
growth during 1988/89 estimated by this nmethod woul d have been r
= 0.11. However, wth the spring deaths in 1989, popul ation size
In 1988/ 89 was nearly stable (xr = 0.02, N = 1863) and the

Mackenzi e Sanctuary conponent of the population declined slightly
(Table 3).

Popul ati on Conposition

The ratio of calves:cows in the Mackenzie Sanctuary area
was 0.44 and the yearling:cow ratio Was 0.22 (Table 4) . The
calf:cow ratio at Mnk Lake (0.48) did not differ significantly
fromthe ratio for bison classified in the Mackenzie Sanctuary
(X>= 0.11, df=1, p > 0.05). The yearling:cow ratio was slightly
hi gher at Mnk Lake (0.32) than in the Sanctuary, but the
difference was not significant (x2 = 2.03, af=1, B > 0.05). The
conbined ratio of calves:cows for the two areas was 0.45 and the
conbi ned yearling:cow rati o was 0. 24.

The ratio of adult (> 2 years) males:females Was
significantly higher for bison in the Mnk Lake area than in the
Mackenzie Sanctuary, 1.50 vs. 0.83 respectively (x? = 16.18,
df=1, P < 0.005). Male populations differed significantly in age

structure (x°= 41.74, df=3, p < 0. 005) ; there was a greater
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Table 3. Results of a denographic nodel of growth of the

155186, i h and w t hout  spring moriality imn 1080,
Nunber of bison by area Exo . rate of increase

Year ML MBS Tot al M. MBS Tota 1

1987 487 1231 1718 0.10 0.10 0.10

1988 521 1314 1835 0. 07 0.07 0. 07

1989° 586 1454 2040 0.12 0.10

0.11

1989° 586 1282 1863 0.12 -0.02

0. 02

2 estimate without spring nortality
® estimate with spring nortality
M. - Mnk Lake

MBS - Mackenzie Bison Sanctuary *“
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Table 4. Conposition of bison classified in the Mckenzie
Sanctuary and at M nk Lake in June 1989.
Age class of Miles
Area Dat e I Il 1l 1Iv  Cows Calves Yearlings
Sanct uary 10 0 14 45 0 54 27 13
12 6 25 12 4 13 6 4
13 9 5 9 4 45 12 9
15 27 10 13 2 128 62 32
16 12 25 22 4 91 36 17
17 6 17 20 1 35 9 7
19 3 8 6 0 16 6 4
20 3 5 8 0 20 10 7
22 13 16 9 1 72 44 14
23 6 11 22 3 15 4 3
Tot al 85 136 166 19 489 216 110
M nk Lake 21 15 22 107 6 100 48 32
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proportion of class IIl males at Mnk Lake, 71% of nales conpared
with 41%in the Mackenzie Sanctuary (X'= 39.43, df=1, p < 0.05).

Resul t f the 1 Hunt

Twenty mal e bison were killed by hunters in Wldlife
Managenment Zone G/2-1 during the 1988/ 89 hunting season. Eighteen
were mature nales (class Il or IV) and two were class Il males
Ei ght bison were taken under the Fort Providence quota, two under
the Dogrib Tribal quota and ten resident hunters were successful.

Departnent of Renewabl e Resources staff supervising the hunt
In 1988/89 reported that many hunters wanted to kill young nal es
for meat, rather than seeking a trophy age animal (> 5 years)
However, young males (age classes | and I1) were frequently
unavail able to hunters owing to their patterns of social and
flight behaviour. Mature males were noted to be |ess responsive
to hunters approaching on snowrachines than were cows and
juvenile bison. Wiile mature males were solitary or occurred in
very small groups, young nales were associated with |arger
cow/juvenile groups. The latter are known fromthe authors'
experience to be highly responsive to human disturbance, fleeing
readily at the sight or sound of snownachi nes.

All segments of the population were in the vicinity of the
areas used by hunters in late winter as illustrated by the

distribution of bison a few days after hunting ceased (Figure 1).
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Mrtality in Spring 1989

In md June 1989, nunerous dead bison were seen floating in
one to two netres of water around the perinmeters of tw |arge
ponds | ocated on the north and south sides of Falaise Lake basin.
The carcasses were intact. Only two carcasses had been scavenged;
two bal d eagl es (Haliaeetus leucocephalus) were seen feedi ng on
them on close exam nation all carcasses showed evidence of
| acerations and bruising on the face, chest, shoulders, thighs
and flanks. From the lesions, condition of the carcasses and
| ocation of the dead bison, we concluded that the animls had
died while struggling in deteriorating ice during spring thaw in
late April or early May 1989. Dead bison were not found on other
| ake beds in the Mackenzie Sanctuary or at Mnk Lake.

A total of 177 carcasses was counted. Sex and age class was
determned for 173 animals (Table 5). There were nearly equal
nunmbers of male and fenale yearlings (11 nmonths old) in the
sample. Fenmles were nore nunerous than nales in the ol der age
classes. There were no dead nales in the > 47 nonth age cl ass,
yet this age category contained the greatest nunber of fenales.

The ratio of yearlings (11-13 nonths) to cows (> 23 nonths)
was higher in the sanple of dead bison than anong |iving bison
classified in June, 0.54 vs. 0.22 respectively (x* = 59.25, df=1

P < 0.005).
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Table 5. Sex and age cl asses of bison found dead in Falaise Lake
In June 1989.

Age i n nonths
Sex 11 23 35 > 47 All

Mal es 28 16 6 0 50
Femal es 25 29' 15 54 123
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DI SCUSSI ON

Popul ation Trend and composition

Prior to 1989, estimates of the size of the Mackenzie wood
bi son herd were determ ned by total counts. Since its
introduction in 1963, the range of the herd has increased with
popul ation size, expanding to over 8,000 knfin 1987 (Gates and
Larter 1990). Accordingly, total counts have increased in cost
and have become nore difficult to conduct. In 1989 a conbination
of total counts in high density areas and sanpling in areas of
| ower density inproved census efficiency by reducing the anount
of tinme required to census the |arge area. However,
interpretation of population trend based on sanpling estimates
was | ess straightforward than when based on total counts, ow ng
to the wide confidence interval of the estimte.

Increasing sanpling intensity is one of several nethods that
may be used to reduce variance. However, sanpling intensity was
near the upper logistical limt in strata |l and IV (ea. 35% ; any
further increase would have resulted in errors from recounting
bi son moving anmong transect paths. In stratum Il increasing
sanpling intensity may have reduced the variance. Density in
stratum |1l was very low and distribution was restricted to a

small area so that a total count would probably have been a nore

sui tabl e nmethod there.
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Gates and Larter (1990) cal cul ated an exponential rate of
growth of 0.103 in 1987 and showed that the rate of growth of the
herd was slowi ng. Wthout considering the high nortality in
spring 1989, the rate of growth projected from the denographic
model was consistent with the observed trend and the estinate of
popul ation size from the nodel was within the 95% confi dence
interval of the 1989 census estimate. Gates and Larter (1990)
suggested that in recent years, declining calf survival has been
the main factor contributing to the decrease in the growh rate
of the Mackenzi e wood bison herd.

The death of 177 bison in spring 1989 had a significant
i npact on herd growth, decreasing it to near stability for
1988/89. This type of nortality has not been seen before in the
Mackenzi e Bison Sanctuary, yet in Wod Buffal o National Park
bi son frequently die fromfalling through thin ice on |akes and
rivers (D. Huisman pers. comm.) . Exceptionally high water |evels
at Falaise Lake in 1988 may have been a contributing factor. A
heavy snowpack in winter 1987/88 followed by record precipitation
in sumrer 1988 caused a rise in the standing water |evel in |akes
in the Mackenzie Bison Sanctuary. In other years, the centre of
Falaise Lake has provided a | arge expanse of wet neadow
vegetation that the bison utilized heavily during the wnter
months and to a |lesser extent at other tines of the year.

From the distribution of the dead bison it was apparent that
in the spring, cows and juveniles encountered deteriorating ice

in the areas of persistent standing water on the |ake bed. The
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highly skewed sex ratio among dead mature bison is not readily
explained. Mture males were evidently able to avoid entrapment
in the deteriorating spring ice while yearlings were apparently
the nost vul nerable age class. The accidental |oss of bison ow ng
to unfavorable ice conditions cannot be prevented and may
reoccur in future years, particularly if the water level in
Falaise Lake does not subside.

The higher proportion of nales seen at Mnk Lake in June
may reflect a seasonal change in distribution of mature nales.
Femal es exhibit greater philopatry than males, a consequence of
greater direct investnent in offspring and the requirenment for
predictable availability and dispersion of food resources (Gates
and Larter 1990) . Limted novenents of radio collared females
have occurred between M nk Lake and the Mackenzie Bison Sanctuary
(unpubl. data). In contrast, mature nales range further than
femal es (personal observations of radio collared bison) and are
typically the only class of bison found in peripheral areas
(Gates and Larter 1990). Increased novenent of mature males
during the rutting season could result in changes in the sex
ratio and age structure observed in the two areas in June, as
mal es search for female/juvenile groups throughout the herd's
range.

Mature nales are the primary colonizers of new habitat
(Gates and Larter 1990). The high proportion of males in the Mnk
Lake area may favour an increased rate of discovery and

occupation of new range. However, the limts to continued
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popul ation growth will depend on the availability of unoccupied
favorabl e habitat. A research program enpl oying renote sensing
satellite technology is being undertaken to assess the
availability and distribution of favorable habitat adjacent to

the area currently occupi ed by bison.

The 1988/89 Harvest

Avoi dance responses by cow/juvenile groups to snow nmachi nes
and hunters explains the apparent |ack of availability of young
males to hunters during the 1988/89 hunting season: Simlar
avoi dance responses have been reported for elk (Cervus

canadensis) in the Rocky Muntains in Al berta (Mrgantini and

Hudson 1979). W suggest that the intensity and duration of

avoi dance behavi our can be substantially reduced by restricting
the use of notorized vehicles for the purpose of hunting in areas
where bison characteristically aggregate during the winter. The
main areas are Falaise and Boulogne | akes. Reduction in

di sturbance to female/juvenile herds in these areas would allow
consecutive hunting parties a greater opportunity to locate

bison, particularly young nales.

The harvesting of males across a w der range of age classes
than occurred in the 1988/ 89 season would reduce the risk of
decreasing the ratio of mature males:females t0 the critica
t hreshol d bel ow which conception rates nay be affected. At

present the critical breeding sex ratio for free-roam ng wood
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bison is not known. Factors that determine the critical ratio may
i nclude the nunber of females that a male can fertilize during
the rut, dom nance relationships anmong males, duration of the
rutting season and nobility of the sexes during the rut (caughley
1977) . A research project was initiated in 1989 on the breeding
behavi our of wood bison that will provide facts useful for

evaluating optinal age and breeding sex ratios for wood bison.
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RECOMVENDATI ONS

The hunting zone for wood bison for the 1989/90 season
should remain the same as in 1988/89. Hunting activity in
the Mnk Lake area may disrupt the natural expansion of the

herd into adjacent range.

The quota for 1989/90 should remain at 40 males. This wll
not seriously affect the rate of growh of the herd. Female

harvesting woul d suppress herd grow h.

Age conposition of the male only harvest should be nonitored
and the inpact of harvesting on standing age structure
eval uated to ensure that the ratio of mature males:females

remai ns above the critical level in the long term

Access by notorized vehicles for the purpose of hunting

bi son should be restricted in zone G/2-1 on Falaise and

Boulogne | akes.

Every spring a survey should be made to docunent accidental
deat hs.

Annual conposition surveys should be continued to nonitor

yearling:cow ratio and adult sex ratio. Life table analysis




22
usi ng denographic data provides an alternative estimte of

popul ation growth to that derived from census estimates.

Research to inmprove census accuracy and precision should .
continue. Specifically:

-censuses should continue to be carried out in |ate Mrch
-atotal count should be conducted in strata Il and 1V,
-sanpling intensity should be increased in stratum Il;
-radio telenetry should be used to test visibility bias
(Samuel et al. 1987).

Editors note: recomendations pertaining to the 1989/90 hunt
were in accordance with considerations of the Denendeh
Conservation Board and were adopted by the Departnent.
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