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EXECUTIVE SUMMARY 
 

Fish and Wildlife Compensation Program (FWCP) conducted aerial surveys of 

deer winter ranges in 2000, 2004, and 2007.  I analyzed this data to provide FWCP with 

mule deer (Odocoileus hemionus), white-tailed deer (Odocoileus virginianus), elk 

(Cervus elaphus) and moose (Alces alces) population estimates and trends for units 4-07 

and 4-08.  Raw aerial survey data were corrected for sightability using program Aerial 

Survey (Unsworth et al 1994).  Sightability of deer was corrected using the Mule Deer 

Hiller 12-e Winter model, of elk using the Elk Hiller 12-E Idaho model, and for moose 

using the Moose Hiller-Siloy Wyoming model.  Total numbers of white-tailed deer 

increased significantly between the 2000 aerial survey (946) and the 2004 survey (1837) 

but remained constant between the 2004 survey and 2007 survey (1675).  Similarly, total 

numbers of mule deer increased significantly from the 2000 survey (376) to the 2004 

survey (1001) but not between the 2004 survey and the 2007 survey (1161).  The white-

tailed deer population appears to have grown at a mean annual rate of 1.09 between 2000 

and 2007 while the mule deer population appears to have grown at an average rate of 

1.17 during the same period.  Elk numbers increased significantly between 2000 (214) 

and 2004 (416) and again between 2004 and 2007 (591).  Mean annual growth of elk 

from 2000 to 2007 was 1.16.  Like the other species, the number of moose increased 

significantly between 2000 (26) and 2004 (242) but remained stable between 2004 and 

2007 (284).  Mean annual growth of moose from 2000 to 2007 was 1.41.  Fawn/Doe and 

calf/cow ratios matched the population trends of all species although only changes in elk 

ratios were statistically significant. 



 iii

 Cougar populations in the Kootenay region of B.C. reached a peak in 1999 and 

began to decline in 2000 as a result of increased harvest.  Recent research suggested that 

mule deer and white-tailed deer increases between 2000 and 2004 were evidence that 

both species were limited by predators and not poor habitat or resource competition.  

Concomitant increases in populations of other ungulates during the same period may also 

be a result of relaxed predation by cougars.  As cougar populations recover, it is unclear 

if ungulate populations will maintain high equilibrium levels or revert back to lower 

levels due to predator limitation. 
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INTRODUCTION 
  

Aerial surveys are widely used to quantify a variety of wildlife species 

populations.   Cliff et al. (2007) recently used aerial survey data to assess whale shark 

(Rhincodon typus) density off the northern coast of South Africa while Udivetz et al. 

(2006) used sightability corrected aerial surveys to monitor dall sheep (Ovis dalli dalli) 

populations in Alaska.  Sightability, or sighting probability, is the likelihood that an 

animal will be detected by an observer during a survey (Krebs 1999).  Using logistic 

regression (sight/no-sight) a sightability model quantifies detection probabilities across 

habitats, seasons, years, species, or distances and derives the 'statistical variation in 

detection' for different combinations of these variables (Williams et al. 2002). 

 When setting harvest levels, managers require accurate, repeatable estimates of 

ungulate populations.  Because large ungulates often exhibit seasonal and annual 

fluctuations and irregular movements, sightability corrected aerial surveys of winter 

ranges can provide an effective tool in quantifying ungulate density (Unsworth et al. 

1994, Msoffe et al.  2007). 

Fish and Wildlife Compensation Program (FWCP) conducted aerial surveys of 

deer winter ranges in 2000, 2004, and 2007.  These surveys were originally designed to 

quantify relative densities and population trends of mule deer (Odocoileus hemionus) and 

white-tailed deer (Odocoileus virginianus), however opportunistic sightings of elk 

(Cervus elaphus) and moose (Alces alces) were also recorded.   I analyzed this data to 

provide FWCP with mule deer, white-tailed deer, elk and moose population estimates and 

trends for Wildlife Management Units 4-07 and 4-08.   
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 STUDY AREA 

 

The study area was the wildlife management units (MU) 4-08 (Salmo River) and 

4-07 (West Arm) in the Kootenay Region of southeast British Columbia (B.C.). The 

study area was bounded to the north and east by Kootenay Lake, to the west by the 

Columbia River and to the south by the Canada-US border (Figure 1). 

The climate is Pacific Maritime / Continental with the majority of annual 

precipitation falling in the form of snow (Environment Canada, Vancouver B.C.).  

Environment Canada maintains weather stations on the east (Creston) and west 

(Castlegar) edges of the study area and provided the following data.  Mean (1961 to 

1990) temperatures range from –3.0 C° (January) to 19.3 C° (July) in Creston, and from –

3.2 C° (January) to 19.9 C° (July) in Castlegar.  Mean (1961 to 1990) annual snowfall is 

140.6 cm in Creston (el. 597 m) and 224.6 cm in Castlegar (el. 494 m).  Mean 

accumulated snow (the depth of snow in centimetres on the ground at months end) 

averaged 26.62 cm from 1993 to 2004 (Figure 2). 

The study area is within two biogeoclimatic zones; the interior cedar - hemlock 

(ICH), and the Engelmann spruce – subalpine fir (ESSF) (Braumandl and Curran 1992).  

The ICH zone extends from the lowest elevations of the study area to approximately 

1,200 m.  Western red cedar (Thuja plicata) and western hemlock (Tsuga heterophylla) 

are the dominant tree species in mature forests, with black cottonwood (Populus 

balsamifera trichocarpa) the climax in more moist areas.  Open mixed stands of 

Douglas-fir (Pseudotsuga menziesii) and ponderosa pine (Pinus ponderosa) are common 

on more xeric, south facing slopes (Ketcheson et al. 1991).   The ESSF zone occurs from 
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approximately 1,700 m to 2,100 m.  Engelmann spruce (Picea engelmannii) dominates 

the climax forest, with subalpine fir (Abies lasiocarpa) composing the understory, and 

lodgepole pine (Pinus contorta) common following fire (Coupe et al. 1991). 

In addition to deer, elk, and moose, bighorn sheep (Ovis canadensis), and 

mountain caribou (Rangifer tarandus caribou), were also present in the study area, 

roughly in that order of abundance.  Common predators included coyotes (Canis latrans), 

black bears (Ursus americanus), bobcats (Lynx rufus), and cougars (Puma concolor).  

Low numbers of grizzly bears (Ursus arctos), lynx (Lynx canadensis), wolverines (Gulo 

gulo) and wolves (Canis lupus) were also present. 

While mule deer populations have generally declined in recent decades, white-

tailed deer have experienced substantial population increases in many parts of western 

North America (Crete and Daigle, 1999).  In 1948, Dalquest summarized the relative 

abundance of the two deer species in Washington State as “…the whitetail of 

northeastern Washington is smaller than the mule deer and far less common”.  Today, 

white-tailed deer outnumber mule deer from 2:1 to 4:1 in large portions of northeast 

Washington and southern B.C. (Robinson et al. 2002, Cruickshank 2004). 

Previous research has suggested that both white-tailed deer and mule deer 

populations declined in Northeast Washington and Southern British Columbia during the 

severe winters of 1993-1994 and 1996-1997.  Following the winter of 1996-97 the white-

tailed deer population remained stable or increased slightly while mule deer continued to 

decline (Robinson et al. 2002). 



4
-0

8
-2

5
4
-0

8
-1

2

4
-0

8
-2

4

4
-0

8
-3

0

4
-0

8
-2

7
4
-0

8
-2

3

4
-0

8
-1

3

4
-0

8
-1

6

4
-0

8
-0

5

4
-0

7
-0

5

4
-0

8
-1

9

4
-0

7
-0

3

4
-0

7
-0

4

4
-0

8
-3

1

4
-0

8
-0

6

4
-0

7
-0

8
4
-0

8
-1

4

4
-0

7
-0

7

4
-0

7
-1

1

4
-0

7
-1

2

4
-0

8
-1

0

4
-0

8
-0

8

4
-0

8
-1

5

4
-0

8
-0

2

4
-0

8
-0

4

4
-0

8
-2

2

4
-0

8
-2

8

4
-0

8
-3

4

4
-0

7
-0

1

4
-0

8
-2

6

4
-0

8
-0

3

4
-0

7
-0

2

4
-0

8
-0

1

4
-0

7
-0

9

4
-0

8
-1

1

4
-0

8
-2

9
4
-0

8
-1

7

4
-0

8
-3

2

4
-0

7
-0

6

4
-0

8
-2

0

F
ig

u
re

 1
. 
M

u
le

 d
e
e
r 

a
n
d
 w

h
it
e
-t

a
ile

d
 d

e
e
r 

w
in

te
r 

ra
n
g
e
 s

u
rv

e
y
 u

n
it
s
 i
n
 M

U
s
 4

-0
7
 a

n
d
 4

-0
8

2
0

0
0

2
0

0
4

2
0

0
7

C
a
n
a
d
a

/U
S

 B
o
rd

e
r

0
1
0

2
0

3
0

5
km

1
:5

0
0

,0
0
0

B
:\

m
a

p
s\

lm
_
m

o
n
ito

ri
n
g

\2
0

0
7
\f

ig
1
_

su
rv

e
yu

n
its

_
lm

m
_

2
0

0
0
_

2
0
0

7
_
ju

n
e
6

_
2
0

0
7

.p
d

f
W

::
\s

rm
\n

e
l\w

o
rk

a
re

a
\c

b
fw

cp
\s

e
lk

ir
km

u
le

d
e

e
r\

m
a

p
_

d
o
cu

m
e
n

ts
\f
ig

1
_
s
u
rv

e
yu

n
its

_
lm

m
_

2
0
0

0
_
2

0
0
7

_
ju

n
e
6

_
2
0

0
7
.m

xd



 5

In the East Kootenay region, elk populations declined during the mid 1990’s 

leading to hunting restrictions and a plan to promote recovery in that region (Raedeke 

1998, Bircher et al. 2001).  By 2004 elk populations had recovered substantially, perhaps 

in response to a succession of mild winters and decreased hunting pressure (Wilson and 

Morley 2004). 

Moose populations vary throughout the Kootenay region and are thought to have 

generally increased in distribution and densities over the past 40-50 years (Shackleton 

1999, Thompson and Stewart 1998).  More recently however, Halko et al. (2000, from 

Poole 2007) suggested that moose numbers declined in southern portions of the 

Kootenays. 

Figure 2.  Annual accumulated snowfall (snow depth at months end, January to 
April) and ten year mean accumulated snowfall in south-central British Columbia 
1993-2004* as measured at Creston and Castlegar A weather stations (Environment 
Canada, Vancouver B.C.). 
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* Data for years 2005-2007 were not available at the time of writing. 
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METHODS 

 

Aerial surveys followed guidelines set forth by Unsworth et al. (1994).  Surveys 

were flown in late winter when both species of deer and elk were concentrated on winter 

ranges.  The study area was divided into 44 deer winter range subunits ranging from 15 

km2 to 53 km2 (Heaven et al. 1999) (Figure 1.).  Each subunit was classified into a high, 

medium, or low stratum for each deer species prior to each survey based on ground 

observations, a priori knowledge of regional biologists, and previous surveys.  Twenty 

subunits were flown in each survey representing a mix of all three strata for each deer 

species.  In 2004 and 2007, all high and medium units were flown for each species of 

deer.  All units flown were included in the survey for both species.  For instance, a unit 

that was flown as high for whitetails was considered low stratum for mule deer.  Low 

stratum units that were not flown were included in the analysis in order to provide a study 

area wide population estimate. 

In addition to deer, observations of elk and moose were recorded during the 

survey.  Units should be stratified prior to a survey being conducted (Unsworth et al 

1994), however as this survey was designed to enumerate deer and elk and moose 

sightings were collected opportunistically, units were stratified for elk and moose 

analysis post survey based on the mean raw counts of each species in all years.  This 

method of stratification and survey design did not allow that the recommended minimum 

number of survey units (5) was sampled in each stratum in each year for elk and moose.  

However, the underrepresented stratum was always the lowest which contained no 

observations.  This method of analysis assumes that moose and elk are only present in the 



 7

zones that they were observed, producing a conservative population estimate for these 

two species in each year. 

Subunits were flown in transects 100 m to 300 m apart at a speed of 60 to 80 

km/hr as dictated by terrain and animal density (Unsworth et al. 1994).  When animals 

were sighted, the location and total number observed in the group was recorded.  Groups 

were then broken into sex age classes as doe/cow, fawn/calf, buck/bull (if antlers were 

visible, number of points were recorded), or unclassified.  The animal’s activity (bedded, 

standing, moving), as well as vegetation class (grassland, sagebrush, juniper, 

aspen/deciduous brush, conifer), percent snow cover (10% increments in immediate area 

surrounding the sighted animal), and percent canopy (10% increments above sighted 

area) cover were recorded at each observation (Unsworth et al. 1994).  In areas where no 

animals were sighted, zeroes were entered in all fields.  Sightability of white-tailed and 

mule deer was corrected using the Mule Deer Hiller 12-e Winter model, elk using the Elk 

Hiller 12-E Idaho model, and for moose using the Moose Hiller-Siloy Wyoming model.  

The moose model contains a covariate for terrain ruggedness which was considered 

important in early iterations of the aerial survey program (Unsworth et al 1994), but 

which has since been removed (Anderson and Lindzey 1996).  Although it has no effect 

on the population estimate, the input still requires that this field contain some value 

therefore it was set to 0 for all observations.  Differences in population estimates were 

tested using a chi-squared test of homogeneity at a significance level of 0.10 (Sauer and 

Williams 1989, Unsworth et al. 1994). 

High, low, and mean population growth rate estimates were calculated for each 

species for each inter-survey period.  Mean population growth rates were simply based on 
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the difference between population estimates from each survey.  High and low estimates 

were based on the greatest and least differences respectively in 90% confidence 

population estimates produced by Aerial Survey.  For instance, the high population 

growth rate for mule deer between the 2000 and 2004 surveys was based on the mean 

estimate in 2000 minus 1 standard deviation and the 2004 estimate plus 1 standard 

deviation.   

 

 

RESULTS 

 

 Surveys were conducted February 12th, 13th and 14th 2000, February 16th, 17th, 

19th, 20th and 21st 2004, and February 17th, 18th, 21st, and 23rd 2007.  Over the course of 

the three surveys a total of 687 mule deer, 1582 whitetails, 201 moose, and 717 elk were 

observed (Table 1).  Observations of mule deer and moose were roughly equal between 

units 4-07 and 4-08 (Table 1) whereas elk and white-tailed deer observations were 

skewed towards unit 4-08.  On average, twice as many elk were observed in 4-08 as in 4-

07, and roughly 8 times as many whitetails were observed in 4-08 primarily due to high 

numbers in the Pend D’Orielle (units 4-08-24 and 4-08-25, Table 1).  Sixty-five percent 

of the 44 survey units were flown at least once in the past 7 years.  A total of 15 survey 

units, all low for all species, were never sampled (Table 1, and Table 2).  

Deer 

Total numbers of white-tailed deer increased significantly between the 2000 aerial 

survey (946) and the 2004 survey (1837) (χ2 = 20.89, df = 1, P < 0.01) but remained 
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constant between the 2004 survey and 2007 survey (1675) (χ2 = 0.22, df = 1, P = 0.64)  

(Table 3).  White-tailed deer fawn/doe ratios increased between 2000 and 2004 although 

not significantly (χ2 = 2.07, df = 1, P = 0.15) and declined in 2007 although again, not 

significantly (χ2 = 1.36, df = 1, P = 0.24) (Table 4).   

Total numbers of mule deer increased significantly from the 2000 survey (376) to 

the 2004 survey (1001) (χ2 = 3.71, df = 1, P = 0.05) but not between the 2004 survey and 

the 2007 survey (1161) (χ2 = 0.18, df = 1, P = 0.68) (Table 3).  Mule deer fawn/doe ratios 

increased between 2000 and 2004 although not significantly (χ2 = 0.65, df = 1, P = 0.42) 

and declined in 2007, although again not significantly (χ2 = 0.40, df = 1, P = 0.53) (Table 

4).   

 

Elk 
Elk numbers increased significantly between 2000 (214) and 2004 (416) (χ2 = 

14.17, df = 1, P < 0.01) and again between 2004 and 2007 (591) (χ2 = 5.90, df = 1, P = 

0.02) (Table 5).  Elk calf/cow ratios increased between 2000 and 2004 (χ2 = 5.06, df = 1, 

P = 0.02) and increased again in 2007 (χ2 = 16.03, df = 1, P < 0.01) (Table 4).    

 

Moose 
Like the other species, the number of moose increased significantly between 2000 

(26) and 2004 (242) (χ2 = 15.69, df = 1, P < 0.01) but remained stable between 2004 and 

2007 (284) (χ2 = 0.29, df = 1, P = 0.59) (Table 5).  Moose calf/cow ratios increased 

between 2000 and 2004 although not significantly (χ2 = 1.88, df = 1, P = 0.17) and 

remained constant between 2004 and 2007 (χ2 < 0.01, df = 1, P = 0.98) (Table 4).   
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Table 1.  Survey units sampled and raw counts of mule deer, white-tailed deer, elk 
and moose in regions 4-07 and 4-08 2000, 2004, 2007. 
 

Mule Deer White-tailed Deer Elk Moose Survey 
Unit 2000 2004 2007 2000 2004 2007 2000 2004 2007 2000 2004 2007 
4-07-01 - - - - - - - - - - - - 
4-07-02 0 0 - 2 0 - 0 0 - 0 0 - 
4-07-03 0 - - 0 - - 0 - - 0 - - 
4-07-04 17 29 4 7 25 16 18 62 54 4 3 2 
4-07-05 0 - - 0 - - 0 - - 0 - - 
4-07-06 - 0 0 - 4 1 - 0 3 - 0 0 
4-07-07 - - 0 - - 2 - - 3 - - 0 
4-07-08 4 5 30 7 36 8 0 1 0 1 5 9 
4-07-09 10 11 3 14 15 3 0 0 9 2 3 7 
4-07-11 - 23 8 - 0 11 - 0 5 - 4 12 
4-07-12 44 61 47 4 5 3 28 35 52 2 15 15 
4-07-13 - - - - - - - - - - - - 
4-08-01 - - - - - - - - - - - - 
4-08-02 - 3 9 - 6 13 - 1 1 - 0 5 
4-08-03 - - - - - - - - - - - - 
4-08-04 - - - - - - - - - - - - 
4-08-05 - - - - - - - - - - - - 
4-08-06 0 - - 0 - - 0 - - 1 - - 
4-08-07 - - - - - - - - - - - - 
4-08-08 - 0 - - 0 - - 25 - - 2 - 
4-08-09 - - - - - - - - - - - - 
4-08-11 32 37 57 0 3 9 29 46 69 2 0 5 
4-08-13 1 6 64 0 0 18 5 2 47 0 6 14 
4-08-14 11 9 20 0 0 0 10 4 28 0 8 5 
4-08-15 - - - - - - - - - - - - 
4-08-16 - - 0 - - 16 - - 30 - - 2 
4-08-17 0 - - 0 - - 0 - - 0 - - 
4-08-18 - - - - - - - - - - - - 
4-08-19 0 12 9 9 19 24 1 5 26 0 0 1 
4-08-20 - - - - - - - - - - - - 
4-08-21 - - - - - - - - - - - - 
4-08-22 0 - - 0 - - 0 - - 0 - - 
4-08-23 0 0 1 20 46 9 0 4 0 0 1 6 
4-08-24 0 0 2 208 231 43 18 14 11 0 4 1 
4-08-25 11 10 2 174 398 93 10 17 8 1 10 12 
4-08-26 - 6 10 - 0 0 - 3 7 - 0 0 
4-08-27 7 32 16 29 17 11 0 5 4 0 2 3 
4-08-28 - 5 2 - 2 0 - 0 0 - 10 13 
4-08-29 - - - - - - - - - - - - 
4-08-30 0 - - 0 - - 17 - - 0 - - 
4-08-31 - 3 0 - 10 11 - 0 0 - 2 0 
4-08-32 0 - - 0 - - 0 - - 1 - - 
4-08-33 - - - - - - - - - - - - 
4-08-34 - - - - - - - - - - - - 
Total 
Low 18 44 3 31 9 47 0 0 0 0 0 0 

Total 
Med 15 51 115 9 99 37 0 14 32 10 25 37 

Total 
High 104 157 166 431 709 207 136 210 325 4 50 75 
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Table 2.  Region 4-07 and 4-08 survey units and species specific survey 
stratifications (low, medium, high) 2000, 2004, 2007. 
 

Mule Deer White-tailed Deer Elk Moose Survey 
Unit 2000 2004 2007 2000 2004 2007 All Years All Years 
4-07-01 L L L L L L L L 
4-07-02 M L L L L L L L 
4-07-03 M L L L L L L L 
4-07-04 H H H M M H H M 
4-07-05 M L L L L L L L 
4-07-06 M M L M M M M L 
4-07-07 L L L L L L M L 
4-07-08 M M M M M H M H 
4-07-09 H H H L H H M M 
4-07-11 L L H M M L M H 
4-07-12 H H H M M M H H 
4-07-13 L L L L L L L L 
4-08-01 L L L L L L L L 
4-08-02 M M M L L M M M 
4-08-03 L L L L L L L L 
4-08-04 L L L L L L L L 
4-08-05 L L L L L L L L 
4-08-06 L L L H L L L M 
4-08-07 L L L L L L L L 
4-08-08 M M L M M L H M 
4-08-09 L L L L L L L L 
4-08-11 H H H L L M H M 
4-08-13 H M M L L L H H 
4-08-14 M H H L L L H M 
4-08-15 L L L L L L L L 
4-08-16 L L L L L L H M 
4-08-17 L L L M L L L L 
4-08-18 L L L L L L L L 
4-08-19 L L H M M H H M 
4-08-20 L L L L L L L L 
4-08-21 L L L L L L L L 
4-08-22 L L L M L L L L 
4-08-23 L L L H H H M M 
4-08-24 L L L H H H H M 
4-08-25 L H H H H H H H 
4-08-26 L L M M M L M L 
4-08-27 M M H H H H M M 
4-08-28 M M M L H M L H 
4-08-29 L L L L L L L L 
4-08-30 L L L M L L H L 
4-08-31 L L M M M M L M 
4-08-32 L L L M L L L M 
4-08-33 L L L L L L L L 
4-08-34 L L L L L L L L 
Total 
Low 29 31 29 25 29 30 24 24 

Total 
Med 10 7 6 14 9 6 9 14 

Total 
High 5 6 9 5 6 8 11 6 
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Table 3.  Mule deer and white-tailed deer raw counts, sightability corrected 
population estimates ± 90% confidence interval (standard error+), and mean 
estimated population growth rates* for regions 4-07 and 4-08 2000, 2004, and 2007. 
 
 White-tailed 

Deer 
Raw Count  

White-tailed 
Deer 
Sightability 
Corrected (SE) 

Mule Deer Raw 
Count 

Mule Deer 
Sightability 
Corrected (SE) 

2000 474 946±147  
(89) 137 376±151 

(91) 
Low period 
annual growth 
(λ) 

 1.09  0.98 

High period 
annual growth 
(λ) 

 1.27  1.61 

Mean period 
annual growth 
(λ)  

 1.18  1.28 

2004 817 1837±285  
(173) 252 1001±522  

(318) 
Low period 
annual growth 
(λ) 

 0.82  0.81 

High period 
annual growth 
(λ) 

 1.12  1.47 

Mean period 
annual growth 
(λ) 

 0.97  1.05 

2007 291 1675±492  
(299) 285 1161±349  

(212) 
 

+ SE = ∑σ        * 
t

N
tN

/1

0
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=λ  
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Table 4.  Fawns per 100 does of mule deer, and white-tailed deer, and calves per 100 
cows of elk and moose in regions 4-07 and 4-08 2000, 2004, and 2007. 
 
Year Mule Deer 

(S.E.) 
White-tailed 
Deer (S.E.) 

Elk 
(S.E.) 

Moose 
(S.E.) 

2000 40 
(16) 

59 
(12) 

17 
(3) 

0 
(0) 

2004 105 
(78) 

136 
(52) 

26 
(3) 

86 
(63) 

2007 50 
(36) 

61 
(38) 

51 
(5) 

88 
(44) 

 
 

Table 5.  Moose and elk raw counts, sightability corrected population estimates ± 
90% confidence interval (standard error+), and estimated population growth rates* 
for regions 4-07 and 4-08 2000, 2004, and 2007. 
 
 Moose 

Raw Count  
Moose 
Sightability 
Corrected (SE) 

Elk Raw Count Elk Sightability 
Corrected (SE) 

2000 14 26±11  
(7) 136 214±42 

 (25) 
Low period annual 
growth (λ)  1.42  1.07 

High period annual 
growth 
(λ) 

 2.16  1.30 

Period mean 
annual growth (λ)   1.75  1.18 

2004 75 242±89  
(54) 224 416±78 

 (47) 
Low period annual 
growth 
(λ) 

 0.87  1.01 

High period annual 
growth 
(λ) 

 1.34  1.26 

Period mean 
annual growth (λ)  1.05  1.12 

2007 112 284±90  
(55) 357 591±89 

 (54) 
 

+ SE = ∑σ        * 
t

t

N
N

/1

0
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=λ  
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DISCUSSION 
  

Within the study area, white-tailed deer are the most common ungulate followed 

by mule deer, elk, and moose (Figure 3).  According to these aerial survey data all four 

populations of ungulates have increased significantly since 2000.  Since the 2004 survey, 

elk populations appear to have continued to grow while the populations of the other three 

species have stabilized.  The estimated mean population growth rates from 2000 would 

seem to be within the biological constraints of mule deer, white-tailed deer, and elk.  The 

moose growth rate between 2000 and 2004 of 1.75 appears to be unrealistically high.  

Maximum rates described by Van Ballenberghe (1983) showed that a female survival rate 

of 0.95 and calf survival of 0.8 would produce a mean population growth rate of 1.42 

(interestingly this is very close to the total mean population growth rate of 1.41 for moose 

between 2000 and 2007).  The moose growth rate between 2000 and 2004 may be biased 

due to a low count in the first year of the survey.  It should be stressed that these surveys 

were conducted to quantify deer populations, more accurate estimates of moose and elk 

populations would likely be obtained through species-specific surveys.  

 Although the surveys were conducted post antler-drop, the winter model was used 

to provide fawn/doe ratios that may be corroborative to population growth rates; however 

these “recruitment” estimates should be interpreted cautiously.  Misclassification of 

antlerless bucks as does will bias fawn/doe ratios lower by over-counting the total 

number of females.  Also, the statistical test used in the comparison between years is 

conservative and lacks power (Unsworth et al 1994).  Large variances associated with 

low counts of juveniles will further prohibit detection of significant changes.      
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   The fawn/doe and calf/cow ratios support the trends in growth observed in all 

populations.  All ratios seemingly increased between 2000 and 2004 although only 

differences in elk ratios were statistically significant.  Similar to population growth 

estimates, only elk calf/cow ratios increased significantly between 2004 and 2007.  As 

stated above, statistical tests used here are conservative therefore statistical difference are 

likely indicative of real population changes. 

 Cougar populations in the Kootenay region of B.C. reached a peak in 1999 and 

began to decline in 2000 as a result of increased harvest (Lambert et al. 2006).  Robinson 

(2007) suggested that mule deer and white-tailed deer increases between 2000 and 2004 

were evidence that both species were limited by predators and not poor habitat or 

resource competition.  Concomitant increases in populations of other ungulates during the 

same period may also be a result of relaxed predation by cougars. 

It is difficult to predict how ungulate prey species will respond if/when the cougar 

population recovers.  Messier (1994) suggested that, in ungulate/carnivore systems the 

primary prey will most likely revert to a low density predator/prey equilibrium.  He 

doubted that the prey would escape the so-called predator pit, and remain at a high 

density, food-regulated equilibrium.  Sinclair (1989) and Pech et al. (1995) on the other 

hand, suggested that prey could escape the predator pit and reach a high density, food-

regulated equilibrium.  Cougar harvest in the region has declined since 2000 however it is 

presently unclear if, or to what extent, cougar populations have recovered.  The 

stabilization of mule deer, white-tailed deer, and moose population since 2004 could be 

either evidence that ungulates have reached a high equilibrium and have escaped the 

predator pit, or simply that cougar populations have not yet recovered to levels sufficient 



 16

to again exert a limiting pressure.  Continued monitoring of ungulate mortality and 

populations could provide valuable insight into predator-prey dynamics in large mammal 

systems. 

 

 

Figure 3.  Estimated population levels of moose, elk, white-tailed deer, and mule 
deer in MUs 4-07 and 4-08, 2000-2007.  Estimates between survey years (*) are 
based on mean annual growth rates (see Table 3 and Table 5). 
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The aerial survey program corrects for missed animals using logistic regression 

models to quantify the probability that an animal or group of animals will be seen given a 
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number of variables (i.e. group size, snow cover, vegetation cover, etc.).  These corrected 

observations are then extrapolated to further account for survey units not flown.  These 

calculations introduce two levels of possible bias into this population estimate: 1) models 

developed elsewhere are not suitable for use in this study area, and 2) that population 

densities are not consistent across all units within a single stratum.   

The sightability models used by aerial survey were developed in different 

ecosystems than the Kootenays; the moose model in Wyoming, and the elk and deer 

models in Idaho.   As the habitats of Idaho and the south Kootenay region do not vary 

greatly, deer and elk population estimates provided these models should be reliable.  

However due to the difference in habitat between Wyoming and the Kootenays, moose 

estimates provided here may better reflect trend in population rather than absolute 

number.  For this analysis the models used throughout remained constant from year to 

year therefore any bias associated with sightability is also constant.  The second source of 

bias mentioned above, that densities are not consistent across all units within a single 

stratum, is lessened by the increased variance associated with sampling a small number of 

available units.  In essence the model takes into account the greater degree of uncertainty 

associated with predicting population levels outside of flown units, increasing the 

difficulty in detecting significant differences between survey years. 

In 2007 the raw count of white-tailed deer was dramatically lower than in either 

previous survey, 291 vs 817 (2004) and 474 (2000), yet the estimated population was not 

significantly different from 2004 and was significantly higher than 2000.  The 

explanation of the population’s stability in the face of this dramatic decline in raw 

numbers lies in the higher counts in the lowest stratum.  Unit stratification, and therefore 
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the number of units in each strata, has varied from year to year as more surveys were 

conducted (see Methods) and should reduce overall variance as our stratifications become 

better.  The number of whitetails observed in the low stratum in 2007 was the highest 

observed during the three surveys, 47 vs 9 (2004) and 31(2000), while the total number 

of survey units in this lowest level was also greater than any other year, 30 vs 29 (2004) 

and 25 (2000).   

Sightability corrected estimates are better than regular index data as they account 

for variations in animal movements between years and within populations (i.e. 

differential habitat use from year to year and by differing age and sex classes).  The raw 

counts of whitetails in 2007 may reflect a habitat shift by animals into traditionally lower 

density areas, in which case the population estimate should be sound.  Support for the 

mean estimate (stable population) is provided by a fawn/doe ratio similar to that of 2000 

(table 4) when more intensive population monitoring showed a stable to slightly declining 

population (Robinson et al. 2002).  However, in future surveys FWCP may wish to 

sample fewer high and medium survey units in exchange for more in the lower stratum to 

further reduce sampling variance. 
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