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Executive Summary: 
 
Moose population parameters were measured within BC Management Unit 7-32 between 
December 7 and December 15, 2004.  The methodology followed was adapted from the 
stratified random sampling technique described by Gasaway et al. (1986).  MU 7-32 
encompasses 3683km2 of land south of the Peace River in north-eastern BC.  This area 
was delineated into 122 equal-sized survey units of 30km2.  All survey units were 
stratified during 2 days of flying in a fixed-wing Piper Super-Cub.  Survey units were 
stratified according to the number of moose observed, habitat suitability, track 
occurrence, and ortho-photo interpretation.  The 122 blocks were stratified as low, 
moderate, and high based on probable moose density.  Random samples from each of the 
3 strata were selected for intensive searching.  A helicopter was used to conduct intensive 
searches within each randomly selected survey unit.  The use of helicopters during the 
count flights allowed visual coverage that approximated 100% for the selected survey 
units.  16 survey units in total were searched between December 13 and December 15, 
2004.  In each sampled unit the total number, age, and sex of moose encountered was 
recorded. 
 
At present, moose populations within MU 7-32 appear to be stable or increasing.  A 
population estimate of 3431 moose was obtained for MU 7-32 (at the 90% confidence 
interval the width of this estimate is +/- 21.38%).  Previous population estimates for MU 
7-32 were produced in 1984 and 1996.  The current estimate is higher than both the 1984 
and the 1996 estimates (2641 +/- 15.6% and 2520 +/- 17.75% at 90% confidence interval 
respectively) but this does not represent a statistically significant increase due to the error 
associated with the estimates.  The sex ratio observed was 59.54 +/- 44.40% bulls/100 
cows at 90% confidence.  Pre-winter recruitment was measured as 37.27 +/- 19.10% 
calves/100 cows at 90% confidence.  The statistical variance may have been reduced in 
this census by delineating survey units according to habitat and landscape rather than 
using linear survey units.  Alternately, increasing stratifying effort within linear survey 
units may have also decreased the variance of the population estimate.  In the future, 
inventories should be undertaken in late November where possible.  Conducting 
inventories earlier in the winter will help minimize the costs associated with determining 
sex of adults subsequent to antler drop.   
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1.0  Introduction: 
 
The population parameters for moose (Alces alces) were estimated in British Columbia 

Wildlife Management Unit 7-32 (MU 7-32) in December of 2004.  This project was 

carried out over a period of 5 days between December 7 and 15 by staff at the Peace 

Region Ministry of Water, Land and Air Protection (MWLAP).  The methodology 

followed was a stratified random sampling technique as recommended and described by 

the BC Resource Inventory Committee (Terrestrial Information Branch, 2002). 

 

This project aimed to provide wildlife managers with statistically valid estimates 

regarding moose population parameters within the study area.  The status of moose 

populations within MU 7-32 is of special interest to wildlife users including First Nation 

harvesters, many of whom live within or directly adjacent to the study area.  The 

MWLAP hunter-sample data shows that MU 7-32 has faced some of the highest licensed 

BC resident hunter moose hunting pressures within the Peace Region over the past 10 to 

20 years.  This is an area of increasing development and industrial activity.  This report 

describes current estimates of moose population parameters within MU 7-32 and 

compares these estimates with earlier values. 

 
 
 
 
1.1 Objectives: 
 

1. To produce an estimate of number of moose within MU 7-32 (with a 90% 
confidence interval at a width less than +/- 25%) 

 
2. To determine accurate estimates of sex and age ratios in the moose 

population (with known confidence limits) 
 

3. To compare population estimates with values obtained from earlier 
surveys 
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1.2 Study Area: 
 
Management Unit 7-32 consists of an area of 3683 km2 south of the Peace River in north-

eastern British Columbia.  This management unit is bounded to the north by the Peace 

River, to the east by the Alaska Highway and the Kiskatinaw River, to the south by 

Highway 97, and to the West by Highway 29.  The District of Chetwynd is located near 

the south-west edge of this management unit, the District of Hudson’s Hope is located 

near the north-west corner, and the community of Taylor is located near the north-east 

corner (Figure 1).  The resultant high human and industrial presence yields a reduced 

level of predators such as bears and wolves as compared to the natural-balanced level. 

 
 
1.3 Habitat Description: 
 
The study area is characterized by low relief and rolling topography deeply incised by the 

river systems of the Peace, Moberly, Pine, and Kiskatinaw.  MU 7-32 consists of a 

mosaic of forest stands of various types and ages.  Aspen-spruce and aspen-lodge pole 

pine forests are predominant within this management unit.  Sections of muskeg, willow, 

and arctic-birch are common in the more poorly drained portions (Harper, 1985).  Snow 

depths are typically low to moderate.  Table 1 describes in detail the biogeoclimatic 

description of the study area. 

 

Within MU 7-32 there are large areas of contiguous forest with localized areas of 

disturbance.  Land use varies throughout the study area.  Agriculture lands are common 

in the eastern and southern portions.  Forestry is active throughout much of the area, as is 

natural gas exploration and extraction.  Burns, cut blocks, and lease sites are abundant.  A 

high proportion of freshly fallen timber and blow-down was observed through much of 

the management unit in December 2004, presumably a result of the September and 

October 2004 snow and wind storms that caused extensive damage throughout portions 

of the Dawson Creek Forest District.  
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Table 1. Biogeoclimatic Ecosystem Classification of study area (Demarchi, 1996). 
Unit Name Description 

Ecodomain Polar - low temperatures 
- severe winters 
- low precipitation 
 

Ecodivision Boreal - cold winter 
- moderately warm summer 
- lowland: moist grassland mixed with trembling aspen 
- upland: white and black spruce and lodge pole pine 
 

Ecoprovince Boreal Plains - plateaus, plains, prairies, and lowlands 
- boreal white and black spruce 
- aspen parkland 
- muskeg 
 

Ecoregion Peace River 
Basin 

- wide plain between rolling uplands to the north and south 
- dissected by the Peace River 
 

Ecosection Peace 
Lowland 

- large lowland that is deeply dissected by the Peace River and its 
tributaries, mildest climate with the lowest snowfall in this 
Ecoregion   

 
  
 

  
 
Figure 1. Location and physical boundaries of Management Unit 7-32. 

 5



  

2.0 Methods: 
 
Methods were adapted from the stratified random sampling technique described by 

Gasaway et al. (1986).  This technique is endorsed by the BC Resource Inventory 

Committee for surveys of relative ungulate abundance (Terrestrial Information Branch, 

2002).  Gasaway’s technique is based on an exclusively fixed-wing searching platform.  

The technique involves selecting survey units (SU’s), classifying each SU according to 

suspected moose density, selecting a random sample from each stratum to be thoroughly 

searched, and adjusting population estimates to correct for sightability of moose 

(percentage of animals seen).   

 

In this study Gasaway’s technique was modified to incorporate helicopter use during 

count flights.  The use of helicopters allows researchers to substantially increase 

sightability of animals toward 100% sightability.  Sightability of moose was not corrected 

for in developing this population estimate because sightability varied by habitat type 

making it difficult to obtain a sightability estimate that could be applied to all SU’s.  

Taking into account the high costs associated with determining a sightability correction 

factor, conservative error in this population estimate was considered acceptable. 

 
 
2.1 Survey Unit Delineation: 
  
The delineation of SU’s was done digitally using ArcView 3.2.  A grid of 122 blocks of 

equal area (30km2) was superimposed over MU 7-32 as an ArcView “shapefile”.  Each 

block measured 6km north-south by 5km east-west.  Blocks that occurred along the 

boundary of MU 7-32 were considered within the study area if greater than 50% of the 

block was situated within the MU boundary.  MU 7-32 has a total area of 3683km2.  The 

study area for this project was 3660km2 due to the fact that the rectangular survey units 

were not perfectly aligned with the non-linear boundaries of the MU as discussed.  The 

grid of SU’s was imported into the computer application Oziexplorer as a “track file” 

allowing it to be sent to a hand-held GPS.  The track file could be viewed on the GPS 

display making it possible to visualize both aircraft position and SU boundaries while 

stratifying each block. 
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2.2 Survey Unit Stratification: 

 
Each of the 122 SU’s was stratified as low, moderate, or high moose density based on 

observations made during stratification flights and through ortho-photo interpretation.  

Each SU was observed from the air in a fixed wing aircraft (Piper Super-Cub) on 

December 7-8, 2004.  In each SU the number of moose encountered, the relative 

abundance of moose tracks, and the habitat suitability was recorded.  The number of 

moose encountered while flying was given the highest weight in determining 

stratification of the block.  Moose encountered were not classified during the 

stratification flights. 

 
   
2.3 Census Flights: 
 
A random sample of SU’s was selected to be searched intensively for moose.  

Randomness was ensured through the use of a random-number table to select SU’s to be 

searched.  All counting and classification of selected SU’s was completed between 

December 13 and 15 using an A-Star helicopter.  A pilot and crew of 3 observers were 

used to spot moose within the selected SU’s.  A linear transect search pattern was used 

with “s-turns” employed in areas where visual coverage was limiting due to terrain or 

forest cover.  The distance between transects varied according to habitat type in order to 

achieve visual coverage that approximated 100%. 

 

Physical position within the SU during census flights was verified using a handheld GPS 

receiver.  A Garmin GPS V was connected to a Panasonic CF-28 laptop computer placed 

within view of the navigator and the pilot.  The GPS unit communicated position to the 

laptop which was displayed on screen using the “moving-map” function of Oziexplorer 

V.3.95.2.  Encounters of moose (along with other wildlife) were recorded through the use 

a waypoint marker in Oziexplorer.  This waypoint recorded both time and position of 

each encounter.  

 

When animals were spotted they were classified according to age and sex.  Many of the 

bulls encountered had already undergone antler drop.  Because an antlerless adult could 
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possibly be a bull or cow, all antlerless individuals were examined in detail to verify sex 

classification.  The presence of a vulval patch (white coloration around the vulva) was 

used to establish that the animal was female.  Other characteristics such as snout 

coloration and bell size corroborated sex classification, but due to their variability they 

could not be used independently to determine sex.  Antlerless adults that were determined 

to be male were all classified as antlered prime bulls based on previous findings that 

show prime bulls are frequently the first age class to cast their antlers (VanBallenberghe, 

1982; Oswald, 1984).  

 
 
 
3.0 Results 
 
 
3.1 Stratification Results: 
 
Table 2 summarizes the results of stratification.  23 SU’s were classified as low, 57 as 

moderate, and 42 as high moose density.  All SU’s were of equal size therefore the 

proportion of total area assigned to each stratum corresponds to the number of SU’s per 

strata.  The number of moose observed while stratifying ranged from 0 to 21 individuals 

per block (total of 423 observed, average 3.00 moose/SU during stratification flights). 

 
  
Table 2. Results of stratification of 122 survey units. 

 low moderate high total 
Number of SU's 23 57 42 122 
Area (km2) 690 1710 1260 3660 
Percent of Total Area 18.85% 46.72% 34.43% 100.00% 
Average # Moose 
Observed per SU during 
stratification flights 

 
0.33 

 
2.08 

 
5.70 

 
3.00 

 
 
3.2 Census Results: 
 
16 SU’s in total were intensively searched during the census flights.  Effort was unevenly 

distributed among strata according to the optimization formula produced by Gasaway 

(1986).  During 3 days of census flights we were able to survey 4 (13.4%) of the 23 low 

density strata, 5 (7.0%) of the 57 moderate density strata, and 7 (16.7%) of the 42 high 
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density strata.  Classification of moose encountered during these census flights is 

summarized in Table 4.  The total number of moose encountered was 468 (135 bulls, 240 

cows, 93 calves).  All individuals encountered were classified (no unknown animals).  

There were no occurrences of twinning observed and no lone calves were encountered 

during this census.   

 
3.3 Confidence Indices and Statistical Validity: 
 
Statistical analysis of the census information was completed using the computer 

application “moosepop” (Reed, 1989).  Estimates and variances are summarized in Table 

3.  No correction of sightability error was included in determining a population estimate 

for MU 7-32.  Total density of moose was estimated to be 0.9374 moose/km2.  Estimated 

densities in the low, moderate, and high strata were 0.6593, 0.7933, and 1.2857 

moose/km2 respectively.  Total population was estimated at 3430.9 +/- 21.38% at 90% 

confidence interval.  The sex ratio observed was 59.54 +/- 44.40% bulls/100 cows.  Pre-

winter recruitment was measured as 37.27 +/- 19.10% calves/100 cows.   

 
 

Table 3. Summary of population estimates 
  Low moderate high TOTAL 

Number of blocks 23 57 42 122 
Area of blocks (km2) 690 1710 1260 3660 
Area Surveyed (km2) 120 150 210 480 
Number of Moose seen 79 119 270 468 
Density (moose/km2) 0.6583 0.7933 1.2857 0.9374 
To (Population Estimate) 454.3 1356.6 1620 3430.9 
Variance V(To) 9349.98 100005.36 46190 155545.3 
df (degrees of freedom) 3 4 6 8 
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Table 4. Classification of moose seen during census flights. 
 

Block Strata 
Rating 

yearling 
bulls 

medium 
bulls 

large 
bulls 

cow/ 0 
calf 

cow/ 1 
calf 

TOTAL 
BULLS 

TOTAL 
COWS 

TOTAL 
CALVES 

TOTAL 
MOOSE 

9        low 0 1 1 3 9 2 12 9 23

66          low 2 2 7 5 5 11 10 5 26

70           low 0 3 1 0 1 4 1 1 6

107          low 0 0 0 10 7 0 17 7 24

35           moderate 0 0 0 4 1 0 5 1 6

37          moderate 0 3 7 10 9 10 19 9 38

47          moderate 2 6 0 9 1 8 10 1 19

52          moderate 9 10 4 10 1 23 11 1 35

80          moderate 1 1 0 7 6 2 13 6 21

13          high 0 4 3 15 9 7 24 9 40

24           high 2 0 4 4 4 6 8 4 18

29          high 0 5 3 14 8 8 22 8 38

60          high 0 1 4 9 9 5 18 9 32

71          high 3 8 3 11 10 14 21 10 45

90          high 4 17 7 20 9 28 29 9 66

120          high 1 2 4 16 4 7 20 4 31

TOTALS          24 63 48 147 93 135 240 93 468
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Figure 2. Comparison of moose population estimates in MU 7-32 in 1984, 1996, and 
2004 including width of estimate at the 90% confidence interval. 
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Figure 3. Comparison of cow, bull, and calf population estimates in MU 7-32 in 1984, 
1996, and 2004 including width of estimate at the 90% confidence interval. 
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4.0 Discussion: 
 
The objective of obtaining a population estimate within +/- 25% at the 90% confidence 

interval was achieved.  The population estimate obtained within MU 7-32 was 3430.9 

moose +/- 21.38% at 90% confidence.  When compared to previous estimates, the current 

population estimate appears to be equal or perhaps greater than populations measured in 

both 1984 and 1996 (see Figure 2).  The error associated with the estimate makes it 

unclear whether the total population has increased or remained relatively stable over 

time.   The current estimate is conservative (as were previous estimates) because there 

was no correction of sightability of moose.  An average sightability correction factor of 

1.12 was developed by Jury (1985) for helicopter surveys in the Kamloops area.  The 

estimates contained within this report represent approximately 89% of actual population 

size if we assume the sightability error was similar to the average developed by Jury. 

 

The moose population within MU 7-32 has the potential to increase based on pre-winter 

calf recruitment estimates.  The estimated ratio of 37.27 +/- 19.10% calves/100 cows 

suggests that the population has the potential to grow in the absence of cow harvest by 

hunters.  The sex ratio observed of 59.54 +/- 44.40% bulls/100 cows is considered to be 

high.  The higher error associated with the bull to cow ratio can be attributed to a few 

survey units that contained higher than expected proportions of bulls (see Table 4).  

Based on estimates of bull numbers, first oestrus breeding should be at or near maximum 

levels for this population.  All antlerless bulls were classified as large bulls based on 

previous findings that suggest that large bulls are the first age class to undergo antler drop 

(VanBallenberghe, 1982; Oswald, 1984).  A few of the medium bulls may have also 

begun shedding their antlers at the time of the census flights therefore the ratio of large to 

medium bulls may be skewed slightly toward large bulls.   

 

As compared to moose survey data collected in 1984 and 1996, the median estimates 

have increased for total number of moose, total cows, total bulls, and total calves.  As 

evident in Figures 2 and 3, the error around these estimates indicates that these increases 

are not statistically significant.  Considering error around the population estimates it can 
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be concluded that total population, cow population, bull population, and calf population 

is most likely similar to or greater than the estimates obtained in both 1984 and 1996. 

 

In the absence of large seasonal movements and with weather and scheduling permitting, 

late November would be a preferable count period.  The costs associated with 

determining the sex of anterless adults could be reduced slightly by carrying out 

inventories prior to antler drop, and aging of the bull component based on antler 

architecture would be significantly improved.   

 

An increase in stratification effort may have reduced block survey costs by eliminating 

some of the variability between strata, although these cost savings may have been offset 

by increased stratification costs.  Delineating survey unit boundaries according to habitat 

may be another method through which variance may be reduced in subsequent 

inventories therefore reducing survey costs.  There would be an increased cost associated 

with delineating survey units according to habitat; therefore it is likely the procedures 

followed were the most cost effective overall.  
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