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1.0 INTRODUCTION

In 1991, the Peace/Williston Fish and Wildlife Compensation Program (PWFWCP) initiated a
three year study of woodland caribou (Rangifer tarandus caribou) in the Omineca Mountains
west of the Williston Reservoir with the capture and radio-collaring of 20 caribou (Phase 1). The
primary objectives of Phase 1 were to determine the seasona habitat use, seasonal movements,
and mortality rates of these caribou (Wood 1996). Phase 1 revealed that two distinct caribou
populations resided in the Omineca Mountains, west of the reservoir: the Wolverine Caribou
Herd (WCH) in the south, and the Chase Caribou Herd (CCH) in the north (Figure 1). Phase 2 of
the Omineca Caribou Study was initiated in 1994, and focused on the seasonal use of forested
habitats by radio-collared caribou in the WCH (Terry and Wood in prep).

The population of caribou in the WCH has been previously estimated at between 200-250
animals, based on surveys conducted in 1989 (Hatler 1989) and 1993 (Wood 1996). However,
there were no radio-collared caribou in the WCH prior to 1991 to provide a sightability
correction factor for the 1989 survey, and poor weather conditions during the 1993 survey
prevented access to much of the primary winter range. Thus, an inventory of caribou in the
WCH wintering in the apine of the Wolverine Mountain Range was conducted in March 1996.

The objectives of this survey were:
1) To estimate the number of caribou in the alpine on the Wolverine Range using radio-
collared animals to correct for sightability bias (mark/resight population estimation).
2) To estimate the number of caribou in the entire WCH.
3) To determine the age/sex composition of the segment of the herd wintering in the
alpine on the Wolverine Range.

20 SURVEY AREA AND WEATHER CONDITIONS

The Wolverine Mountain Range is approximately 50 km long, and parallels the western shore of
the Williston Reservoir in north-central B.C. (Figure 1). The range lies within the Southern
Omineca Mountains and Manson Plateau ecosections of the Omineca Mountains ecoregion
(Demarchi 1995), on the lee side of the Omineca Mountains. It is characterized by gently
rounded windswept terrain with low to moderate slopes, some areas of steeper cliff terrain also
exist. Many long ridges branch out to the east and west from the height of land, most with
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extensive south facing slopes. The Engelmann Spruce-Subalpine Fir (ESSFmv3) biogeoclimatic
zone between 1,100 - 1,500 m grades into parkland or scrub subzones at upper elevations, and is
replaced by Alpine Tundra (ATn) over 1,500 m (DeLong et a. 1994).

Weather conditions on 18 March 1996 were sunny and clear, with some high, light haze in the
afternoon. Winds were light to moderate from the west, and mid-morning temperatures ranged
from -3°C to -5°C at 1,525 m to 1,800 m elevation. Snow coverage was near 100% with few
windswept aress in the alpine; over four days had elapsed since the last snowfall.

30 METHODS

31 Survey Methods and Timing

The survey was conducted between 1015 and 1705 hrs on 18 March 1996 with a Bell 206
helicopter chartered from Northern Mountain Helicopters (Prince George, BC), with pilot Greg
Altoft and a three-person crew. The inventory followed standard RIC methodology (RIC 1997)
and involved a thorough search of al apine and subalpine areas of the Wolverine Mountain
Range. Where the distance from subalpine to height of land was such that animals at either
extreme could be missed, two to three passes a different contour intervals were warranted. The
survey was broken into four intervals (Table 1, Appendix A) requiring 5 hours of helicopter time
excluding re-fueling and ferry time; the total helicopter time was 8.3 hours including the latter.

Table 1. Survey times and locations on the Wolverine Mountain Range.

Survey Total
Interval Area Surveyed Survey Times Heli Hrs
1 Far south end to south of Mt Porter 10:15 am- 12:15 pm 2.0
2 South of Mt. Porter to north of Mt Porter 1:.05 pm - 1:55 pm 09
3 Far north end to middle of north end 2:15 pm- 3:05 pm 0.8
4 Middle of north end to north of Mt. Porter 3:45 pm -5:05 pm 13

TOTAL 5
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Figure 1. Location of the Chase and Wolverine Caribou Herds, and the Wolverine Mountain
Range survey area, within the Williston Reservoir Watershed, north-central B.C.



The navigator (Mari Wood, Senior Wildlife Biologist, PWFWCP), searched for, counted and
classified animals, and recorded the flightline and animal locations on 1:250,000 topographic
maps. The two rear seat observers (Fraser Corbould, Wildlife Biologist, and Randy Zemlak,
Fish Technician, PWFWCP) also searched for and classified animals. F. Corbould recorded all
observations on survey forms, and R. Zemlak recorded position coordinates for each group of
caribou located, using the on-board Global Positioning System (GPS) unit. Where multiple
groups of caribou were located within close proximity (e.g., 100-400 m apart), only one GPS
location for the groups was obtained. Each caribou was classified as male or female, and as an
adult or calf (Level 2 classification, RIC 1996). Females were identified based on the presence
of ablack vulval patch, and males by the lack thereof. Presence/absence of antlers on both males
and females was recorded.

Radio-collars observed on individual caribou were aso noted. Conventional collars (Lotek
LMRT-4) were distinguished from Global Positioning System (GPS) collars (Lotek GPS-1000)
by color and size (conventional collars were white with small battery packs, GPS collars were
grey with larger battery packs). Radio-frequencies of conventiona collars were identified at the
time of observation using a Telonics TR-2/TS-1 receiver/scanner unit. Frequencies of GPS
collars were determined following the survey, from position coordinates obtained from all the
satellite units for the survey date.

3.2 Data Analyses

3.2.1 Population Sze and Density Estimation

To estimate the number of caribou wintering on the Wolverine Range | used the proportion of
radio-collared caribou observed during the survey of those known to be in the alpine on the
Wolverine Range on the day of the survey as a sightability correction factor, applying it to the
total count using the modified Lincoln-Petersen mark-recapture estimator (White and Garrott
1990, egn 10.1, pg 256).

N = (C+1)(M+1) -1 where N = population estimate for Wolverine Range
(R+1) C = total number of caribou observed in the survey area

M=number of collared caribou on Wolverine Range
R = number of collared caribou observed in the survey area



To estimate the population size of the entire WCH, | used a simple ratio estimator procedure,
extrapolating the proportion of collared caribou in the WCH observed on the survey to estimate
the number of animals which were not in the census zone. This is based on the assumption that
each radio-collared caribou is an independent and unbiased sample, and is therefore
representative of the population.

R C | CMu

—=— thus, Nu=—— where:

Mu Nu R
Ny = population estimate of WCH
C = total number of caribou observed in the survey area
My=number of collared caribou in the WCH
R = number of collared caribou observed in the survey area

: 'pq
SE(ratio) = ‘u’l . where:
I

SE(ratio) = standard error of the ratio
p=R/My
q=1I-p
n= MH

95% upper and lower confidence intervals for the popn estimate N;:

N y N
UCL = - T~ LLCL = - ——
p + (tar 0s)(SEratio) p - (ta os)(SEratio)

The proportion of all conventional radio-collared caribou in the search area on the day of the
survey was determined by two fixed-wing radio-tracking flights conducted on 7 and 17 March
1996. The proportion of caribou with GPS collars in the search area was determined from the
satellite position coordinates of all GPS collars in the WCH on 18 March 1996.

| estimated caribou density by dividing the population estimate for the WCH by the size of the
WCH's multi-annual herd home range. The herd's home range was estimated using the 100%
Minimum Convex Polygon (MCP) method in RangesV home range program (Kenward and
Hodder 1996), and was based on six years of radio-telemetry locations collected between April
1991 and March 1997 (M. Wood, PWFWCP, unpublished data).
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3.2.2 Typical Group Sze

The typical group size (TGS) of woodland caribou groups observed on the survey was calculated
by summing the number of animals that each individual caribou was found with, and dividing by
the total number seen on the survey:

TGS =ZG;' / ZG, where G, is the size of the ith group

Typical group size is the size of group in which the average animal finds itself, and is a more
accurate measure of the behaviour of individuals than is the frequency of groups as measured by
the mean (Jarman 1974). In some cases, one map location was used to identify multiple groups
of caribou that were in close proximity to each other (i.e., between 100-400 metres apart).
However, the TGS was calculated using each of the individual groups of caribou observed,
regardless of map location.

4.0 RESULTS

We observed 204 woodland caribou including 13 radio-collared caribou on the survey (Figure 2,
Table 2, Appendix B). The caribou were distributed aong the length of the Wolverine Range,
primarily near the height of land and along the ridges on the east side of the range. Few caribou
were observed on the western ridges. The sex and age composition of the 204 caribou observed
was skewed towards adults, with only 21 calves observed (Table 3). The typical group size
(TGYS) of caribou observed on this March survey was 7.1 animals (n=204, 42 groups).

At the time of the survey, there were 23 radio-collared caribou in the WCH: 17 with
conventional radio-collars, and 6 with GPS collars. Two fixed-wing radio-tracking flights
conducted prior to the inventory confirmed al 17 conventional collars were working. An
additional radio-collared bull located March 7 was found dead on the subsequent April 11
tracking flight; as the day of death was unknown and may have been prior to this survey, it was
excluded from the analyses. The 17 collared animals were located on the Wolverine Range (10
animalsin apine, and 1 intimbered habitat), Germansen Range (alpine 4), Jackfish Hill (timber
1), and Mt. Gillis (apine 1); the latter 3 areas are al to the south or southwest of the Wolverine
Range. Position coordinates obtained from the 6 GPS collars for 18 March 1996 reveded 4
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Figure 2. Location of caribou groups observed on the Wolverine Mountain Range, 16 March
1996.




Table 2. Locations and classifications’ of woodland caribou groups observed on 16 March 1996
on the Wolverine Mountain Range.

Group# L ocation AdM AdF  Cm Cf Cuc TOTAL Collar Observed®
1 South End 1 1

3 Jackfish/Eklund 4 4 F#180
4 Jackfish/Eklund 1 2 2 5

5 Jackfish/Eklund 3 3

6 Jackfish/Eklund 3 1 4

7 Jackfish/Eklund 1 2 1 1 5

8 Jackfish/Eklund 5 5

9 Jackfish/Eklund 1 2 1 4

10 Jackfish/Eklund 1 | 1 3

11 S. Blue 4 4

12 S.Blue | 2 1 | 5

13 Fries 2 2 4 F #464, F #970
14 Fries 5 5 F#912
15 Fries 3 4 2 9 F#921
16 Fries 1 4 | 6 F#121
17 Fries 2 2 4

19 Mt. Porter 1 1 2

20a Mt. Porter 1 2 3

20b Mt. Porter 2 2 4

2la Mt. Porter | 5 6

21b Mt. Porter 6 6

21c Mt. Porter 1 1

22a Mt. Porter | 3 4 F #1930
22b Mt. Porter 1 1

22c Mt. Porter 2 3 5

22d Mt. Porter 1 2 3

22e Mt. Porter 2 3 1 6

Subtotal SOUTHEND 50 50 3 9 0 112

23 North End 6 6

24 North End 2 7 9

25 North End 3 3

26 North End 2 2 M#544
27 North End 3 15 1 1 20 F#131,F#1900
28 Strandberg 3 3

29 Strandberg 5 | 6 F #110
30 Strandberg 2 6 1 | 10 F #753
31 Strandberg 3 3 M#650
32 Strandberg | 1

33a Blue/Strandberg 1 2 3

33b Blue/Strandberg 6 1 7 F#761
34 Blue/Strandberg 7 4 1

35 Blue/Strandberg 3 | 4

36 Blue/Strandberg 1 1 1 1 4

Subtotal NORTH END 24 59 3 4 2 92

TOTAL 74 109 6 13 2 204

* General location on Wolverine Mountain Range using identifiable geographic areas of the range, or creeks draining the west and
east sides of the range respectively for reference

2 Ad = adult, C = calf, M/m = male, F/f =female, uc = unclassified

% Sex is followed by last three digits of radio-collar frequency; GPS collars are #970, #1900, #1930
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Table 3. Sex and age composition of woodland caribou observed on 18 March 1996 on the
Wolverine Mountain Range.

Bulls Cows Calves TOTAL Bulls: % Bullst Calves: % Calves’
100 Cows 100 Cows
74 109 21 204 67:100 40% 19:100 10%

' 96Bulls = % bulls in adult population (n=183).
2 94Calves = % calvesin entire population (n=204).

caribou were on the Wolverine Range (alpine 3, timber 1), while 2 were on the Germansen
Range (alpine 1, timber 1).

Thus, of the 15 collared caribou on the Wolverine Range, 13 were in the apine within the survey
area, while 2 were in the adjacent timber. Conventional-collared bull #544 was located in the
subalpine timber with the use of radio-telemetry equipment at the end of the survey, while
position coordinates obtained from the GPS collar of cow #1920 indicated it to be at 1,300 m, in
the timber east of Mt. Porter on the survey date.

Sightability in the apine on 18 March 1996 was excellent, and al 13 collared caribou known to
be in the alpine on the Wolverine Range at the time of the survey were sighted. This rendered
the Lincoln-Petersen estimator unnecessary, and resulted in a population estimate of 204 caribou
for the Wolverine Mountain Range. Estimating the population size of the entire WCH based on
extrapolation of the proportion of collared animals observed on the survey, resulted in an
estimate of 361 caribou. Applying 95% confidence intervals (d.f.=22), the WCH population is
estimated at between 262 and 580 caribou.

The multi-annual home range of the WCH calculated from six years of radio-telemetry locations
is 4,933 km? (M. Wood, PWFWCP, unpublished data). Based on the population estimate of 361
animals, the density of caribou within the WCH is 0.07 caribou/km?.



5.0 DISCUSSION

5.1 Population Size and Density

The population of caribou in the WCH was previously estimated at a minimum of 200 animals
based on two surveys conducted in 1989 and 1993 (Wood 1996). The 1989 survey of the
Wolverine Range located 214 caribou (Hatler 1989); because no radio-collared animals were
present in the WCH prior to 1991, a population estimate corrected for sightability could not be
calculated. Poor weather conditions prevailed during the 1993 survey of the Wolverine Range,
and only 66 caribou were observed. None of the 12 radio-collared animals present in the WCH
were sighted. Although only the Wolverine Range itself was surveyed in March 1996, the
favourable weather conditions and availability of radio-collared animals helped us to obtain a
slightly more accurate population estimate for the WCH.

The density estimate of 0.07 caribou/km® for the WCH is comparable to the mean density
calculated by Bergerud (1992) for 24 caribou populations throughout North America where
caribou co-exist with wolves of 0.06 km?. Seip and Cichowski (1996) reported densities between
0.03 and 0.05 caribouwkm® for 4 woodland caribou herds in B.C. that space out in
apine/subalpine during summer (as the WCH does), and densities of 0.15 to 0.21 caribou/km?
for the Itcha-llgatchuz and Spatzizi herds that aggregate during summer on alpine plateaus.

5.2 Population Composition

The winter calf/cow ratio for woodland caribou observed on this survey was 19 caves per 100
cows (Table 3), the same as that observed in 1993 (Wood 1996) but lower than that observed in
1989 (26 calves. 100 cows,; Hatler 1989). As aproportion of the population, the number of calves
we observed was 10% (n=204), compared to 12% in 1993 (n=66) and 16% in 1989 (n=214). The
proportion of calves observed in other caribou populations within the Williston Reservoir
watershed in the mid 1990s ranged between 9% and 17% (with the lowest proportions aso
observed in 1996): Chase Herd - 17% in 1993 (Wood 1996); Muskwa Ranges - 12% in 1994
(Wood 1994); Misinchinka Ranges - 10% in 1996 (Hengeveld and Wood 1998); and South
Peace Arm - 14% in 1995 (Wood 1995), and 9% in 1996 (Wood and Hengeveld 1998). Fall calf
recruitment ranged between 10-13% for four other caribou herds in northern British Columbia
between 1976 and 1983 (Bergerud and Elliott 1986). Woodland caribou herds are thought to
increase when the recruitment of yearlings into the population exceeds 12-15% (Bergerud 1988),
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while populations with calf recruitment of 10-12% in March show little change (Bergerud 1974,
Bergerud and Elliott 1986).

The bull/cow ratio of 67:100 we observed during the 1996 survey (Table 3) was dmost double
that observed on both the 1989 and 1993 surveys of 35:100 (Hatler 1989, Wood 1996). High
bull/cow ratios have been observed during other winter caribou surveys in the Williston
Reservoir watershed: Muskwa Ranges - 102:100 in 1994 (Wood 1994); South Peace Arm -
86:100 in 1995 (Wood 1995); and Misinchinka Ranges - 113:100 in 1996 (Hengeveld and Wood
1998). The bull/cow ratio of ten other caribou herds examined throughout northern British
Columbia in the 1970s ranged from 35 to 50 bulls: 100 cows (Bergerud 1980). We observed
comparable bull/cow ratios in the Wolverine and Chase Herds in late winter (February/March)
1993 (35:100 and 48:100 respectively; Wood 1996). The proportion of males we observed in the
adult population during this survey was 40% (Table 3); Bergerud (1980) reported a mean of 36%
for 22 caribou populations throughout North America.

Adult sex ratios in N.A. caribou are usually weighted to females, due primarily to the differential
mortality of males, and the greater longevity of females. Low numbers of males in a population
may be a result of heavy predation, hunting pressure, winter starvation (males enter the winter in
poorer physical condition than females), and/or chronic poor recruitment (Bergerud 1980). If
caf recruitment is good and the population has a younger age structure, the resulting higher
number of young males in the population will increase the ratio of adult males to females
(Bergerud 1980). For four herds in BC with calf recruitment >10%, the adult sex ratio was 49
bulls per 100 cows, while six herds with calf recruitment <10% showed bull/cow ratios of 33:100
(Bergerud 1978). This relationship between high adult mortality and low caf survival, is
suggested to be a result of increased predation (Bergerud 1978).

The moderately high bull:cow ratio of 67:100 coupled with the relatively low calf recruitment
(10%) we observed during this survey, does not fit the typical relationship observed in caribou
populations. | suggest that some cow/calf groups may have been wintering on ranges other than
the Wolverine Range, and were therefore missed on the survey. Thisis supported by the
distribution of radio-collared caribou: only 11 of the 19 (58%) collared females were on the
Wolverine Range at the time of the survey, while 3 of the 4 (75%) collared males were using the
range during winter. If a significant proportion of the cow/calf groups are missed during a
survey, the resulting herd composition would be fewer calves, and a higher proportion of bullsin
the adult ratio, as we observed during this survey. Spatial segregation of the sexes on winter
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ranges has aso been observed in several other woodland caribou herds (R. Farnell, Y ukon
Government Renewable Resources Dept., personal communication). Counts of the Finlayson
and other Y ukon caribou herds during the rut when caribou are more homogeneously mixed,
resulted in higher proportions of bulls observed than on late winter range surveys when caribou
were found to be spatially segregated (Y ukon Renewable Resources Branch, Whitehorse, YK,
unpublished data). Due to the sexua segregation of caribou in late winter in many Y ukon
woodland caribou herds, biologists there have ceased conducting sample counts in March; only
surveys of the entire population or range are conducted at that time of year (R. Farnell, Y ukon
Government Renewable Resources Dept., personal communication). The lowest calf proportions
observed in caribou populations in the Williston watershed were all recorded in 1996 in three
different areas (9-10%). Snow depths during the winter of 1996 were noted to be higher than
normal in all areas surveyed in the Williston watershed (Ministry of Environment, Lands and
Parks, 1996), which may aso have influenced the distribution of different age and sex classes of
wintering caribou.

5.3 Typical Group Size

This TGS of 7.1 animals observed on this survey was smaller than those observed during
February WCH winter range surveys conducted in 1989 (TGS=14.3, n=214, 20 groups, Hatler
1989), and 1993 (TGS=11.2, n=66, 9 groups, Wood 1996). Typica group sizes of radio-
collared animals in both the WCH and CCH combined were found to more than double in size
between February and March in both 1992 and 1993, from 7.8 £ 3.8 (n=12) to 185 + 9.7 (n=6),
and from 7.3 £ 45 (n=7) to 17.6 = 12.6 (n=14) respectively (Wood 1996). In Wood (1996), |
suggested there may be a correlation between the larger group sizes observed in March, and the
increasing snow depths and densities through late winter. Deeper and/or denser snow may force
caribou to concentrate in areas where forage is more accessible, and to increase foraging
efficiency (i.e., more animals can dig larger feeding craters). Denser snowpacks also make travel
easier for wolves and other predators, and the congregation of caribou into larger groups may be
a defence against predation through an increased number of animals (more shared risk) and
increased vigilance.

The observed typical group sizes of 7.1 animals on this survey, and of 5.2 animas (n=60, 15
groups) and 7.4 animals (n=181, 32 groups) on surveys of two other caribou herds in March 1996
in the Williston Reservoir watershed (Hengeveld and Wood 1998, Wood and Hengeveld 1998,
respectively) were much lower than those observed for radio-collared animals during the March
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surveys in previous years (Wood 1996). Snow depths in March 1996 were actually noted to be
higher than normal in al areas of the watershed (BC Environment 1996), suggesting that group
sizes may not be linked solely to snow depths. Other weather variables can also play important
roles. persstent winds scouring apine dopes can substantially reduce snowpack, rendering
formation of larger groups of animals unnecessary.

6.0 RECOMMENDATIONS

To obtain a more accurate population estimate, and to support or refute the hypothesis that some
cow/calf groups in the WCH may be spatially segregated from barren cows and adult bulls
during winter, additional surveys should be conducted over the winter of 98/99 while radio-
collared individuals are ill available for mark-resight population estimation. Two surveys
should be conducted within the winter of 98/99: afall rut survey in mid-October, followed by a
late winter range survey in early March. All apine winter ranges within the home range of the
WCH should be surveyed, rather thanjust the Wolverine Range.

Conventional Collars Available for Mark-Resight:

Nine collared caribou were still aive with functioning collars at the end of Phase 2 of the
WCH study in March 1997. Forecasting to October 1998, two of these collars will be 6.5
years old, two will be 4.5 years old, and the remaining five will be 2.5 - 3 years old.

Lotek LRMT-4 radio-collars have an estimated battery life of 4 years, during the
Omineca Caribou Study we found that where caribou outlived their collars, collar life
ranged from 3.75 to over 5 years (two caribou had collars still functioning after 5 years at
the end of the study). Excluding any mortalities, at least 2, and probably 4 of the 9 radio-
collars will likely not be working by October 1998; the remaining 5 collars should still
be working in March 1999. In addition, 7 radio-collars placed on WCH caribou in 1997
as part of a different project should still be operational (excluding mortalites) in October
1998 and March 1999.

GPS Collars Available for Mark-Resight:
Eight GPS collars on caribou in the WCH were operational as of February 1998. Four
additional animals will be fitted with collars in 1998, thus 12 GPS collars are expected to
be operational over the winter of 1998/99.

13



70 LITERATURE CITED

BC Environment. 1996. BC Environment Snow Survey Bulletins January - April 1996. BC
Environment Hydrology Branch, Victoria, BC.

Bergerud, A.T. 1974. Decline of caribou in North Americafollowing settlement. J. Wildl.
Manage. 38(4): 757-770.

. 1978. Caribou. Pages 83-101 in: J.L. Schmidt and D.L. Gilbert, (eds). Big Game of
North America, Ecology and Management. Stackpole Press, Harrisburg, PA.

. 1980. A review of the population dynamics of caribou and wild reindeer in North
America. In: Reimers, Garre and Skjenneberg (Eds.), Proc. 2nd Int. Reindeer/Caribou
Symp. Roros, Norway, 1979. pp 556-581.

. 1988. Caribou, wolves and man. Trends in Ecology and Evolution. 3:68-72.

. 1992, Rareness as an antipredator strategy to reduce predation risk for moose and
caribou. Pages 1008-1021 in: D.R. McCullough and R.H. Barrett (eds). Proceedings of
Wildlife 2001: Populations. Elsevier Applied Sciences. London.

and J.P. Elliott. 1986. Dynamics of caribou and wolves in northern British Columbia.
Can. J. Zool. 64: 1515-1529.

DeLong, C., D. Tanner, and M.J. Jull. 1994. A field guide for site identification and
interpretation for the Northern Rockies portion of the Prince George Forest Region.
Ministry of Forests Land Management Handbook Number 29. Ministry of Forests,
Prince George, BC. 141 pp.

Demarchi, D.A. 1995. Ecoregions of British Columbia. Fourth Edition. 1:2,000,000
Mapsheet. Ministry of Environment, Lands, and Parks.

Hatler, D.F. 1989. Moose winter distribution and habitat use in the southern Williston Reservoir
area, British Columbia, 1989. Peace/Williston Fish and Wildlife Compensation Program
Report # 1. 25 pp plus appendices.
14



Hengeveld, P.E. and M.D. Wood. 1998. Misinchinka Ranges winter ungulate inventory, March
1996. Peace/Williston Fish and Wildlife Compensation Program Report # 175. 19 pp.
plus appendices.

Jarman, P.J. 1974. Social organization of antelope in relation to their ecology. Behaviour
48:215-267.

Kenward, R.E., and K.H. Hodder. 1996. RangesV: An analysis system for biological location
data. Institute of Terrestrial Ecology, Wareham, Dorset. 66pp.

Ministry of Environment, Lands, and Parks. 1996. Snow Survey Bulletins, January - June,
1996.

RIC (Resources Inventory Committee). 1997. Standardized inventory methodologies for
components of British Columbia's biodiversity: Aerial based inventory techniques for
selected ungulates. Version 1.1. Resources Inventory Committee, Ministry of
Environment, Lands, and Parks, Victoria, BC.

Seip, D.R. and D.B. Cichowski. Population Ecology of Caribou in British Columbia.
Proceedings of the Sixth North American Caribou Workshop. Rangifer Special 1ssue No.
9: 73-80.

Southwell, Colin. 1996. Estimation of population size and density when counts are incomplete.
Pages 193-210 in D.E. Wilson, F.R. Cole, J.D. Nichols, R. Rudran, and M.S. Foster,
editors. Measuring and Monitoring Biological Diversity: Standard Methods for
Mammals. Smithsonian Ingtitution Press. Washington.

Terry, ET. and M.D. Wood. Inprep. The ecology of woodland caribou in the Wolverine
Caribou Herd in north-central B.C., 1994-1997. Peace/Williston Fish and Wildlife
Compensation Program, Prince George, BC.

White, G.C. and R.A. Garrott. 1990. Analysis of Wildlife Radio-Tracking Data. Academic
PressiInc., New York. 383 pp.



Wood, M.D. 1994. Muskwa Ranges (East of Finlay River) winter ungulate inventory, March
1994. Peace/Williston Fish and Wildlife Compensation Program Report # 32. 6 pp plus
appendices.

. 1995, South Peace Arm Stone's sheep and woodland caribou inventory, March 1995.
Peace/Williston Fish and Wildlife Compensation Program Report No. 49. 9pp.

. 1996. Seasonal habitat use and movements of woodland caribou in the Omineca
Mountains, north central British Columbia, 1991-1993. Proceedings of the Sixth North
American Caribou Workshop. Rangifer Special 1ssue No. 9: 365-378.

and P.E. Hengeveld. 1998. Woodland caribou inventory in the Upper Moberly River
and McAllister Creek drainages, March 1996. Peace/Williston Fish and Wildlife
Compensation Program Report 183. 13 pp. plus appendices.



APPENDIX A: SURVEY FLIGHT LINE
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APPENDIX B: DETAILED SURVEY DATA

GRP# TOTAL#| M F YRm | YRf | Cm | Cf | Cuc LAT LONG COMMENTS
1 1 1 55| 43.05 124| 17.06
2 (0] 1 male mountain goat observed
3 4 4 55| 45.50 124| 20.10 1M collared, # 180
4 5 1 2 2 55| 45.90 124| 20.50
5 3 3 55| 45.70 124| 19.90
6 4 3 1 55| 45.90 124| 18.90 1M, 1F w/antlers
7 5 1 2 1 1 55| 47.10 124| 21.90 1M w/antlers
8 5 5 55| 47.50 124| 20.40 1M w/antlers
9 4 1 2 1 55| 47.60 124| 20.80 1F w/antlers
10 3 1 1 1 55| 47.50| 124| 22.80| |m calfw/antlers
11 4 4 55| 49.60, 124| 25.20 1M w/antlers
12 5 1 1 1 1 1 55| 49.00| 124 22.80 1M, 1F w/antlers
13 4 2 2 55| 49.60 124| 19.90 2F collared: GPS and # 464, 1M w/antlers
14 5 5 55| 50.10| 124| 19.40 1F collared, # 912, groups 14-16 first seen in group 12+
15 9 3 4 2 55| 50.00 124| 19.30 1F collared, #921
16 6 1 4 1 55| 49.90 124 19.50 1F collared, no signal, must be #121, all adults
w/antlers

17 4 2 2 55| 49.90 124 19.10
18 (0] group counted twice - same as #14
19 2 1 1 55| 50.70 124| 21.40
20 3 1 2 55| 51.60 124 19.70 1M w/antlers

4 2 2 55| 51.60 124| 19.70 1M, 1F w/antlers
21 6 1 5 55| 51.90 124| 18.60 1M w/antlers

6 6 55| 51.90 124| 18.60

1 1 55| 51.90 124| 18.60
22 4 1 3 55| 52.40 124| 18.50 1F w/ GPS collar

1 1 55| 52.40 124| 18.50

5 2 3 55| 52.40 124| 18.50

3 1 2 55| 52.40 124| 18.50

6 2 3 1 55| 52.40 124| 18.50
23 6 6 55| 59.70 124| 26.90 4F w/antlers
24 9 2 6 1 56 0.20 124| 24.70
25 3 3 56| 0.20 124| 25.50| |no antlers
26 2 2 56 1.25| 124| 26.50 1M collared, # 544, in trees, needed receiver to locate
27 20 3 15 1 1 55| 59.03 124| 23.90| |2F collared, GPS (loose) and # 131
28 3 55| 57.70| 124, 24.20
29 5 1 55| 57.90| 124| 23.80| |1F collared# 110
30 10 6 1 1 55| 56.60 124| 22.80 1F collared #753
31 3 3 55| 57.00 124| 22.50 1M collared #650
32 1 55| 56.60 124| 21.70
33 3 1 2 55| 55.50 124 23.90

6 1 55| 55.50 124| 23.90 1F collared #761

34 11 7 4 55| 54.80 124| 22.90
35 4 3 1 55| 54.00| 124 2.70
36 4 1 1 1 1 55| 53.50 124| 21.00 F w/brown spot on neck 5"diam.
TOTAL 204 73 | 107 1 2 6 13 2




