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Executive Summary
It has been 13 years since the last complete aerial census in the South Okanagan. In spring 2013 we
surveyed the South Okanagan metapopulation, including the transplanted bighorns in Okanagan
Mountain Park, to derive new population estimates and assess population recovery from the 1999\2000
pneumonia-related die-off.
On March 13th and 14th 2013 we surveyed MU 8-01 and 8-09 from the US Border north to Okanagan
Mountain Park. We survey approximately 250 km2 of bighorn sheep habitat in 11 hours of survey time.
The survey intensity was 2.6 km2/min. We observed a total of 399 bighorn during the survey, including
77 lambs, 213 ewes, 20 class I rams, 29 class II rams, 34 class III rams, and 19 class IV rams and 7
unclassified.
In this report population estimates and sex ratios were calculated and summarized for the entire
metapopulation (i.e. MU 8-09 and 8-01). We used the program Aerial Survey to correct bighorn
observations for incomplete sightability. The estimated population was 537 (CI 90%, 457-617). The
confidence interval was within 13% of the estimate. The sightability correction factor was 1.35 or a
detection probability of 0.74 for the metapopulation.
The observed and estimated lamb: ewe ratios were the same at 36 (CI 27-45), and the observed and
estimated ram: ewe ratios were 48 and 49 (CI 37-61), respectively. Predictably, the highest ram ratio was
from Okanagan Mountain Park, where there is no history of hunting, with an estimated 82 rams: 100 ewes
(CI 52-113). The lowest ram ratios documented during the survey was from Vaseux Lake with an
estimated 26 rams: 100 ewes (CI 10-42).
The question of recovery is foremost for the metapopulation given the severity of the 1999/2000
pneumonia related die-off. Our data suggests most subpopulations have now recovered.
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Introduction
The South Okanagan California bighorn sheep population is a premier hunting and viewing attraction in
the Okanagan Region. Over the past 15 years the population has been the focus of extensive research and
monitoring. A multiyear project (1997-1999) determined population size and ranges, identified critical
habitats and limiting factors and created strategies to maintain viable populations (Chapman 1999).
Chapman’s work was timely and provided an excellent population baseline just prior to the significant
disease event in 1999\2000.
During the winter spring of 1999\2000, the South Okanagan bighorn population suffered an all-age
pneumonia-related die-off, from here in referred to as the die-off, where 60-75% of the affected
subpopulations died (Harper 2002). As a result, a moratorium on hunting was imposed in 2000 and an
extensive monitoring project was carried out to document the population recovery (Plensky 2004;
Hengeveld 2008). After several promising years of recovery, an “any ram” limited entry hunting season
was opened in fall 2004. In 2007, as recommended by the recovery plan (Harper 2002), bighorn sheep
were translocated into unoccupied, suitable habitat located in Okanagan Mountain Park.
During the recovery period the population was monitored through extensive ground counts. However, this
level of monitoring was lost once the recovery project funding ended in 2004. In subsequent years,
ground counts were completed under contract, although at reduced effort. Then from 2008-2010 ground
counts were completed in house by ministry biologists. A growing bighorn population and limited
staffing made annual ground counts impractical and it was recognized that population estimates would
require aerial census to achieve complete population coverage.
The last full censuses were completed during the die-off by Ethier (2000). Since then, several partial
aerial surveys were completed by Gyug (2003), Plensky (2003) and Gyug (2009). In addition, numerous
surveys occurred in Okanagan Mountain Park as part of the transplant monitoring (Reid 2012c). Before
the March 2013 survey, it had been 13 years since the last complete population census. The objective of
this survey was to derive population estimates for the entire metapopulation including the translocated
animals in Okanagan Mountain Park.

Study Area
The bighorn range in the South Okanagan occurs primarily on the eastern side of the Okanagan valley
with genetically connected populations ranging from the United States border north to Okanagan
Mountain Park (Figure 1; Figure 2). There are two small unmanaged herds isolated on the west side of the
Okanagan Valley north of Oliver and south of Penticton, which were not included in this survey.
The bighorn range extends from valley bottom to the elevation where open forest and grassland
conditions become closed forests. This occurs at approximately 1200 m depending on aspect. The
bighorn range is typically snow free during both winter and spring inventories.
The biogeoclimatic classification in the study area includes the hot, dry bunchgrass variant (BGxh) at
lower elevations through the mid elevation ponderosa pine (PPxh) and interior Douglas fir (IDFxh)
variants to montane spruce (MSdm) at higher elevation. Survey units focus on open forest and grassland
habitats.
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Figure 1: The study area for the South Okanagan bighorn sheep survey March 13 and 14 , 2013. Red boxes represent map
location of Figures 4, 5 and 6.
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Figure 2: Core and total ranges for the South Okanagan subpopulations (boundaries are subjective) mapping is for primarily
geographical referencing.

Methods
Survey Methods
General survey standards were adopted from Aerial-based Inventory Techniques for Selected Ungulates
(RISC, 2002). Surveys were conducted with a Bell 206 Jet Ranger equipped with rear bubble observation
windows. Encounter transects were used to locate bighorn with transects spaced at approximately 500 m
in open habitats and 200 m in more closed forested habitats. Transects typically followed contours from
either low elevation to high or vice versa. Speeds of 50-80 km/hour were targeted while maintaining a
distance of 50-300 m above the ground.
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We used three people on survey at all time: one navigator in the front seat and two observers in the rear.
The navigator used the track log function and real time navigation feature on a Garmin 60Cx handheld
GPS to maintain transect width, monitor survey coverage, and mark waypoints of animal locations. In
addition, the navigator photographed observed bighorn whenever possible. Observers located, counted,
classified, and recorded data from the rear seats.

Classification
Classification was based on Geist (1971; Figure 3) and Aerial Based Inventory Techniques for Selected
Ungulates (RISC 2002). We used a digital SLR camera with a 70-300 mm anti-vibration zoom lens to
photograph bighorn observations whenever possible. Bighorn classification made during survey was then
cross-referenced with photographs once to correct for classification and groups size.

Figure 3: Classification diagram for bighorn sheep from Geist 1971 (Mountain sheep: a study in behaviour and evolution)

Data Analysis
Sightability models were used to correct bighorn observations for incomplete sightability in the program
Aerial Survey (Unsworth et al. 1999). I used the Bell 223 model for sheep developed in southern Idaho
(Bodie et al. 1995). All population and ratio data are expressed with 90% confidence intervals, generated
in the program Aerial Survey.
The sightability model corrects for the proportion of animals within survey area that went undetected
during surveys. Logistic regressions used in sightability models incorporate a combination of variables
known to affect the probability of animal detection from the air including group size, animal activity,
snow cover, oblique vegetation cover and habitat type.
We used Garmin GPSmap 60Cx to collect waypoints of bighorn observations and track our flight path
during the survey. Data for each model parameter was collected including percent oblique vegetation
cover around the first bighorn observed in each group. We used sketches depicting various vegetation
classes in 5% increments (5-90%) to help assign percent cover. Other model parameter data collected
included activity, moving or not moving, and habitat codes (e.g. timber, dissected cliff, open slope).
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Results
On March 13th and 14th 2013 we surveyed MU 8-01 and 8-09 from the US Border north to Okanagan
Mountain Park (Figure 4, 5 and 6). Weather conditions were favourable for the survey. We recorded snow
cover only once in 82 bighorn observations. The total survey time was 11 hours and we covered
approximately 250 km2 of bighorn habitat. The survey intensity was 2.6 km2/min. We observed a total of
399 bighorn during the survey, including 77 lambs, 213 ewes, 20 class I rams, 29 class II rams, 34 class
III rams, and 19 class IV rams and 7 unclassified bighorn. In this report population estimates and sex
ratios were calculated and summarized for the entire metapopulation.
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Figure 4: Inventory flight path and bighorn observations for the March 13 and 14 , 2013 survey of the southern section map a.
(MU 8-01 and 8-09)
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Figure 5: Inventory flight path and bighorn observations for the March 13 and 14 , 2013 survey of the central section map b.
(MU 8-01 and 8-09)
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Figure 6: Inventory flight path and bighorn observations for the March 13 and 14 , 2013 survey of the northern section map c.
(MU 8-01 and 8-09)
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We observed a total of 399 bighorn during the survey. The estimated population was 537 (CI 90%, 457617; Table 1). The total correction factor was 1.35 or detection probability of 0.74 for the survey. The
sightability correction factor (SCF) was similar for ewes, lambs and rams. Observed and estimated lamb:
ewe ratios were 36 and 36 (CI 27-45), respectively and the observed and estimated ram: ewe ratios were
48 and 49 (CI 37-61), respectively (Table 1).
Similar to pre die-off numbers, the Vaseux Lake subpopulation remains the largest subpopulation in the
South Okanagan (Table 2). Observed and estimated lamb: ratios were the highest in Mclean Creek/Peach
Cliff and Ellis Creek at 52 and 57 (CI 30-87), respectively (Table 3). The lowest ratios were documented
in Vaseux Lake with observed and estimated lamb ratios of 22 and 22 (CI 9-33), respectively.
Predictably, the highest ram ratio was from Okanagan Mountain Park, where there is no history of
hunting, with an estimated 82 rams: 100 ewes (CI 52-113; Table 3). The lowest ram ratio documented
during the survey was from Vaseux Lake with an estimated 26 rams: 100 ewes (CI 10-42).
Table 1: Bighorn sheep observations and estimates for the South Okanagan metapopulation (MU 8-01 and 8-09), surveyed on
th
th
March 13 and 14 , 2013. Estimated population data are corrected for incomplete sightability in the program Aerial Survey.

Total
399

Ewe
213

Lamb
77

Unclass
7

Total
537
457-617
1.35

Ewe
287
234-340
1.35

Lamb
102
84-120
1.32

Unclass
8
5-11

Observed

Estimated
90% CI
Correction Factor

Class I
20

Class II
29

Class III
34

Class IV
19

Class I,II,III, and IV combined
140
116-164
1.37

Table 2: Bighorn sheep observations by subpopulation for the South Okanagan metapopulation for (MU 8-01 and 8-09),
th
th
surveyed on March 13 and 14 , 2013.

Subpopulation
Okanagan Mountain Park
Penticton Creek
Ellis Creek
Skaha Lake
Mclean Creek /Peach Cliff
Vaseux Lake
Mud Lake
Inkaneep

Total
65
15
62
16
57
100
37
47

Lambs
8
3
21
1
13
15
6
10

Ewes
31
4
37
2
30
67
28
14

CI
2
1
4
1
2
4
3
3

CII
5
2
0
5
7
6
0
4

CIII
10
3
0
4
4
4
0
9

CIV
7
2
0
3
0
2
0
5

Unclass
2
0
0
0
1
2
0
2
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Table 3: Observed and estimated bighorn sheep lamb and ram ratios for the South Okanagan metapopulation (MU 8-01 and 8th
th
09), surveyed on March 13 and 14 , 2013. Estimated population data are corrected for incomplete sightability in the program
Aerial Survey.

Populations
Inkameep/Mud Lake
Vaseux Lake
McLean/Peach Cliff/Skaha/Penitcon/Ellis
Okanagan Mountain

Lambs: 100 Ewes
Rams: 100 Ewes
Observed Estimated 90% CI Observed Estimated 90% CI
38
39
22-56
57
68
36-100
22
22
9-33
24
26
10-42
52
57
30-87
52
48
29-66
26
26
14-38
81
82
52-113

Discussion
Population Estimate
The confidence interval for the South Okanagan metapopulation (MU 8-01 and 8-09) was within 13% of
the estimate. The sightability correction factor (SCF) for this year’s survey was 1.35 or a detection
probability of 0.74 for the entire population. Logistic regression analysis of the model variables suggest
that the majority of SCF can be explained by bighorn activity (i.e. moving or standing) and habitat type
(i.e. flats, open slopes or otherwise; Bodie et al 1995). Results from our surveys support this analysis.
Surveys where the greater proportion of observed bighorn occurred in open slope habitats and where
bighorn were moving calculated lower correction factors (i.e. assumes fewer animals were missed).
The Program Aerial Survey has been used to derive population estimates for multiple surveys in the
Kootenays, Thompson and Okanagan Regions and model derived detection probabilities ranged from
0.68 - 0.92 (Reid 2011; Poole 2012; Reid 2012a; Reid 2012b; Iredale 2013). The detection probability
calculated for this survey was also consistent with collar derived detection probabilities from Chapman
(1999) at 0.76 and Gyug (2003) at 0.70.
From the1950s to 2000 the population estimates in the South Okanagan ranged from 50 to 442 bighorn
(Table 4). Harper et al. (2002) suggested that estimates from more recent decades are higher not from
population growth but from increased survey effort. Estimates peaked in the 1980s at between 600-900
bighorn, although this estimate is considered too high by many (Harper et al. 2002). A thorough study by
Chapman (1999) estimated a population of 430 bighorn in the year prior to the die-off. Either (2000)
reported an estimate of 159 bighorn after the die-off, which was a population reduction of 60-75%.
Extensive monitoring occurred during the recovery period (2000 to 2004), in which the population grew
to 240 bighorn (Plensky 2004). More recently, Gyug (2009) surveyed from Vaseux Lake north to
Penticton Creek and then combined survey results with anecdotal information to derive an overall
population estimate of between 300 and 400 bighorn. Our survey included all subpopulations on the east
side of the Okanagan valley including the newly transplanted Okanagan Mountain Park. Our estimate of
537 bighorn (CI 90%, 457-617) is one of the higher estimates since 1951.
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Table 4: Estimated size of the South Okanagan metapopulation as cited by various sources from 1951 to 2013. This table was
extracted and modified from Harper et al 2002 (Recovery plan for California Bighorn Sheep in the South Okanagan Valley,
British Columbia).

South Okanagan Metapopulation Estimates.
Year
Estimate
1951
50-100
1952
115
1960
200
1962
300
1964-65
325
Late 1970’s
350-400
1984
600-900
1997
442
1998
1999
2000
2004
2009
2013

Source
Cowan 1951 in Spalding and Bone 1969
Martin 1952 in Spalding and Bone 1969
Sugden 1961
McLaren 1961 in Spalding and Bone 1969
Spalding and Bone 1969
I. Robertson in Harper 1980
R. Lincoln in Hebert et al. 1985
Chapman 1999

436
430
194
224-241
300-400
537 ( 90% CI 457-617)

Chapman 1999
Chapman 1999
1
Ethier 2000
Plensky 2004
Guyg 2009

1

- includes an estimated 35 animals on the west side of the Okanagan Valley that previous estimates did not.

2

- includes an estimated 88 sheep from Okanagan Mountain Park (original metapopulation estimate

2

Reid 2013

[east Okanagan] would be approximately 450)

Bighorn population recovery is of great interest to the residents of the Okanagan and the many users of
the resource. Harper et al. (2002) defined recovery as at least 400 bighorn within the original range not
including augmented subpopulations (i.e. Okanagan Mountain Park). To assess recovery we need to
compare estimates from the various subpopulations across years. Throughout the recovery period and just
prior to the die-off during the Chapman study, inventory and monitoring effort was high and estimates
were derived by combining information gathered from aerial survey and ground counts. Currently,
resources are not available for this level of inventory, which makes it difficult to compare estimates
across years.
For consistency, I’ve combined results from aerial survey observations only to compare standard survey
effort across subpopulations since 1999 (Table 5). The data suggests that most herds have recovered.
Several populations such as Inkaneep, Mud Lake, Penticton, and Ellis are higher than reported pre die-off
levels. The only subpopulation that had not recovered fully to pre 2000 estimates is Vaseux Lake. Prior to
the die-off, up to 59 bighorn utilized ranges on the south aspect slopes of Vaseux Creek (Chapman 1999).
At the time this population was known as Vaseux East. There is no longer a resident ewe group utilizing
this range and bighorn observations in the area are limited (Figure 7). The overall numbers in the South
Okanagan metapopulation have recovered to the target established by Harper (2002) ; however, there
have been changes in subpopulation distribution and abundance since the die-off.
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Figure 7: Vaseux Lake subpopulation home range based on ground and aerial survey observations from 1986-1999 (left) and
2003-2013 (right) in the South Okanagan representing pre and post die-off years. Home ranges derived from fixed kernel
density estimator with Hawth’s Analysis Tools in ArcGIS 9.3 to develop 95% isopleths .

Table 5: Observed bighorn during aerial surveys from 1998 to 2013 in the South Okanagan metapopulation.

Subpopulation
Okanagan Mountain Park

Chapman 1998
-

Penticton Creek
Ellis Creek
Skaha Lake
Mclean Creek /Peach Cliff

DNF

Vaseux Lake

169

Mud Lake
Inkaneep
Total

1

4

Ethier 2000
-

Gyug 2003
-

Gyug 2009
-

Reid 2013
65

2

25
20
1
32

0
27
9
40

4
27
15
54

15
62
16
57

3

36

50

105

6

100

5
0
119

0
DNF
129

DNF
DNF
205

37
47
399

33

68
270

1 pre die-off

5 reduced survey effort

2 DNF = Did not fly

6 includes 5 bighorn from east Vaseux

3 includes east Vaseux

7 no bighorn observed in east Vaseux

5

7

4 post die-off

Composition
Lamb to ewe ratios were near or above 25: 100 throughout the recovery period (Table 6). Lamb survival
can be low for several years following pneumonia related die-offs in bighorn populations reducing the
ability for herd recovery (Schwantje 1986; Coggins 1988; Festa-Bianchet 1988). Lamb survival was
negligible in 2000/2001 (Harper et al. 2002). By winter 2001/2002 overall lamb ratios were 27: 100
(Plensky 2002). Depressed lamb recruitment following pneumonia die-off was not observed in the South
Okanagan, which explains the relatively quick population recovery.
Ram ratios were at their lowest just prior to the die-off in 1999 (Table 6). At that time there were
concerns over low numbers of mature rams and declining average age of ram at harvest particularly in
MU 8-01 (Chapman 1999, Harper et al. 2002). The survey data since 1999 suggests that ram ratios are
16

within range of hunted population (Demarchi et al. 2000)and ram ages are above the desired minimum
(Hatter 2010).
Table 6: Observed lamb and ram to ewe ratio in the South Okanagan from 1999 to 2013. Spring and late winter surveys
represent overwinter lamb survival.

Year

Month

Survey Type

Champan (1999)
Plensky (2002)
Gyug (2003)
Plensky (2003)
Plensky (2004)
Kruger/Stepaniuk (2006)
Kruger (2008)
Gyug (2009)
Reid (2010)

February
February
March
February
February
December
December
March
November

Reid (2013)

March

Ground/Aerial
Ground
Aerial
Ground
Ground
Ground
Ground
Aerial
Ground
3
Aerial

1
2

Observed
Observed
Lambs: 100 Ewes Rams: 100 Ewes
35
27
23
37
46
32
35
35
29

1

32
55
75
55
30
50
64

2

38

43

Ground count
Aerial count

3

Ratios exclude Okanagan Mountain Park observations

Population Status
The 5 year average harvest in the South Okanagan is 12 bighorn, with an average of 6 bighorn harvested
per MU annually (Figure 8). The age of rams harvested (5 year average) is higher in MU 8-01 at 7.8 years
compared to 6.9 years in MU 8-09 (Figure 9). For a sustainable harvest Hatter (2010) recommends that
any ram seasons should maintain ram harvest age at or greater than 6 years. We’ve observed a slight
decline in average age of ram harvested in the metapopulation since 2008, particularly in MU 8-09.
Potential management options, including adjusting harvest rates, are available if the decline in average
age of harvest continues.
The composition data and population trend at Vaseux Lake suggests further monitoring and possible
management actions may be required within this subpopulation. The local rancher at Vaseux Lake has
expressed concerns of ewe groups focusing on alph alpha fields resulting in reduced seasonal migration.
These observations may or may not be related to the reduced use of the Vaseux East ranges. It is possible
that the die-off affected individual ewes with Vaseux East range fidelity. Potential management actions
could include exploring methods to exclude bighorn from the alph alpha fields to encouraging greater
distribution across the Vaseux ranges. Other actions could include habitat restoration (removal of trees) of
the forested stands between the main Vaseux and Vaseux East grasslands to encourage connectivity or
transplanting new sheep to the Vaseux East grasslands during winter in hopes that a resident population
will reestablish.
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Figure 8: Resident and non-resident hunter bighorn sheep harvest from the South Okanagan (MU 8-09, 8-01) from 2004 to
2012.
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Figure 9: Average age of harvested ram from resident and non-resident hunters in the South Okanagan (MU 8-09, 8-01) from
2004 to 2012 with polynomial trend line.
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