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ABSTRACT
This report describes the results of calving ground composition surveys of the Bathurst and Bluenose‐
East caribou herds conducted in June 2019 near Bathurst Inlet and west of Kugluktuk in Nunavut (NU).
The main purpose of the surveys is to estimate the proportion of breeding females (cows that gave birth
as a proportion of all cows), which indicates the initial calf productivity on the two calving grounds. In
addition, the surveys estimate the relative distribution of breeding caribou on each calving ground as
well as relative abundance of predators.
The Bathurst survey was carried out June 8, 10 and 11 with an A‐Star helicopter based at the Lupin Mine
at Contwoyto Lake, and the Bluenose‐East survey was carried out June 12, 13 and 14 with the aircraft
based at Kugluktuk. Locations of collared caribou females (Bathurst 25 collars, Bluenose‐East 31 collars)
were used as the main method for defining survey blocks, with flight lines spaced more closely in blocks
featuring more collared cows. A few large groups were classified from the ground with a spotting scope,
and most groups were classified from the air using motion‐stabilized binoculars.
For the Bathurst calving ground, three survey blocks were defined: a central high density block where
most of the collared females were concentrated, a low density block to the west and a low density block
to the east, where there were fewer collared cows. Greater effort (flight lines closer together) was
allocated where more caribou were expected. There were 25 collared female caribou in the area of the
survey, and 24 of these were contained within the survey area or checked on with the helicopter.
Observations during the survey found more than half the cows with a newborn calf at heel, suggesting
that the peak of calving had likely occurred just before our survey began. Most calves appeared small
and just a few days old. Assessment of daily movement rates in collared cows showed a reduction to less
than 5 km/day on June 4, suggesting a likely peak of calving around June 4‐6, with low movement rates
continuing for the next 10 days.
For the Bluenose‐East survey, three survey blocks were also defined: a central high density block with
most of the collared cows, a northern low density block and a southern low density block. As with the
Bathurst survey, more effort (lines closer together) was allocated to the higher density area. There were
31 collared female caribou in the area of the survey and 30 of these were contained within the survey
area or checked on with the helicopter. Observations during the survey indicated that well over half the
cows had a newborn calf at heel and most calves appeared small, suggesting that the survey was timed
just past the peak of calving. Assessment of daily movement rates in collared cows showed a reduction
to less than 5 km/day on about June 4, with low movement rates continuing for the next 10 days,
indicating a likely peak of calving around June 4‐6, similar to the Bathurst herd.
For the Bathurst herd, 52 groups, 754 caribou at least one year old, and 407 newborn calves were
classified. There were 55.5 calves: 100 adult cows (64.3 calves: 100 breeding cows), and the percentage
of cows considered breeders was 86.0%. For the Bluenose‐East herd, 451 groups, 3,157 caribou at least
one year old, and 2,190 newborn calves were classified. There were 69.8 calves: 100 cows (79.8 calves:
100 breeding cows), and the percentage of cows considered breeders was 87.5%. In both cases, these
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results indicate the proportion of cows that were pregnant in winter 2018‐2019 was higher than
recorded between 2009 and 2018 during calving photo surveys.
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INTRODUCTION
The Bathurst and Bluenose‐East caribou herds have calving grounds west of Bathurst Inlet (Bathurst)
and west of Kugluktuk (Bluenose‐East) in Nunavut (NU), with portions of their summer ranges in NU and
the remainder of their ranges in the Northwest Territories (NWT). The two adjacent calving grounds are
the Bluenose‐West herd’s to the west and the Beverly herd’s to the east (Figure 1).

Figure 1: Annual ranges and calving grounds of the Bluenose‐West, Bluenose‐East, Bathurst, and
Beverly1 herds , based on accumulated radio collar locations of cows (Nagy et al. 2011). Other herd
ranges west and east of these four herds were omitted for simplicity. The Ekati, Diavik and Gahcho Kue
mines are currently active and the Jericho and Lupin mines are closed, with minimal maintenance staff
on‐site.
Calving ground photo surveys of the Bathurst and Bluenose‐East herd were flown in June 2018, with the
results described by Adamczewski et al. (2019; Bathurst) and Boulanger et al. (2019; Bluenose‐East).
The 2018 surveys demonstrated a decline of about 50% in 3 years from the 2015 survey for the
1

The Beverly herd described in this report is the herd defined by the Government of Nunavut as calving in the
central and western Queen Maud Gulf. This herd may not correspond exactly to the Beverly herd defined prior to
2009 with an inland calving ground south of Garry Lakes (Adamczewski et al. 2015).
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Bluenose‐East herd and a decline of about 57% in the Bathurst herd from 2015. Part of the reduced
Bathurst numbers on the calving ground may have been due to emigration of animals to the Beverly
calving ground in the Queen Maud Gulf lowlands (Adamczewski et al. 2019). As these declines were a
continuation of declines noted before 2015 in both herds, more intensive monitoring and management
of both herds was considered through collaborative processes in 2018‐2019.Joint management
proposals from the Tłı̨chǫ Government (TG) and ENR to the Wek’èezhı̀ı Renewable Resources Board
(WRRB) in early 2019 (ENR and TG 2019a and b), proposed increased monitoring for the 2 herds that
included annual composition surveys of both herds in June, late October, and March/April. Previously,
composition surveys on the calving grounds of both herds had only been carried out during years when
photo surveys were conducted, thus at approximately 3‐year intervals.
The main purpose of these composition surveys in June is to estimate the proportion of cows that give
birth in June, or initial calf productivity. The fall and late‐winter surveys provide estimates of the
proportion of cows that still have a calf at heel in the fall, which is an index of calf survival through the
summer, and the proportion of cows that still have a calf in late winter, which is an index of calf survival
through the first 9‐10 months of life.
ENR carried out composition surveys on the calving grounds of the Bathurst and Bluenose‐East herds in
June 2019, and this report describes the results of those surveys. The main objectives were to define the
proportion of cows that gave birth in 2019, to compare with results from previous years and with
calf:cow ratios from later in the 2019‐2020 annual cycle, which starts at calving in June and ends a year
later.

METHODS
Movements of collared Bathurst, Beverly and Bluenose‐East females and males were monitored in May
and early June 2019. Numbers of collared cows whose location during June 2018 were known and newly
deployed collared cows (collars placed in March or April 2019) are shown in Table 1.
Table 1. Numbers of active cow collars on Bathurst and Bluenose‐East calving grounds in June 2019, and
numbers of these found within the survey areas or checked during the survey. One of the 25 cow collars
on the Bathurst calving ground was from the Bluenose‐East herd. Movement rates between the
Bathurst and Bluenose‐East calving grounds of collared cows have generally been very low (2‐3% and
about equally in both directions; Adamczewski et al. 2019).
Herd

# Active cow collars at time of
survey

Total active
collars

Collars checked
during survey

Known (2018
or earlier)

Deployed 2019

Bathurst

14

10

25*

24

Bluenose‐East

19

12

31

30
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Monitoring of collar movement rates for the Bathurst herd showed average daily movement rates below
5 km/day starting about June 4 and continuing to June 14, suggesting that the peak of calving occurred
around June 4‐6, 2019 for the Bathurst herd (Figure 2a). Usually low movements during this period make
it possible to design surveys to include a high percentage of females with a low probability of significant
movements into or out of the survey areas. Field observations of a ratio of more than 50 calves: 100
cows on June 8 and June 10 also suggested the peak of calving had occurred a few days earlier. Plots of
individual movement rates for each collared cow are given in Appendix 2.

Figure 2a: Daily movement rates of Bathurst collared female caribou May 22 to June 14, 2019. Average
daily movement rates below 5 km/day are considered indicative of the peak of calving when cows with
newborn calves move relatively little. Dates of the Bathurst composition survey are shown in red.
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Figure 2b: Daily movement rates of Bluenose‐East collared female caribou May 22 to June 14, 2019.
Average daily movement rates below 5 km/day are considered indicative of the peak of calving when
cows with newborn calves move relatively little. Dates of the Bluenose‐East composition survey are
shown in red.
Classes of caribou identified during the survey are shown in Figure 3. These included cows identified
with or without hard antlers, with or without a distended udder, and with or without a calf present.
Observations were recorded on Trimble Yuma 2 tablet computers using a program developed for this
type of composition survey, where the various categories of cows, along with newborn calves, yearlings,
young bulls and prime bulls, were recognized.
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Figure 3: Classification of females used in composition survey of Bathurst and Bluenose‐East caribou in
June 2019. Green‐shaded boxes were all classified as breeding females (diagram adapted from Gunn et
al. 1997). Udder observation refers to a distended udder in a cow that has given birth. Hard antlers are
from the previous year, and are distinct from new antlers growing in velvet.
In a few instances, grizzly bears were seen near groups of caribou with newborn calves, or cows were
seen that appeared about to give birth or with very young calves. In these situations the helicopter left
the scene and classification was suspended.
The Bathurst survey was carried out first with the helicopter and survey crew based at the inactive Lupin
Mine on Contwoyto Lake (Figure 1), which has a small maintenance crew at the largely closed facility.
Based on distribution of 25 female collars, three survey blocks were defined: a high density block with
most (21 of 25) female collars in a central location west of Bathurst Inlet (Figure 4), a medium density
block to the west of the high block (1 collar) and a low density block east of the high block and on either
side of Bathurst Inlet (3 collars). Initially there were 4 collared cows in the west block, however between
June 8 and June 10, 3 of those 4 collared cows moved eastward into the high density block, which left
just one collared cow in the west block. As a result, the sampling effort was limited to the west of the
high‐density block. In addition to the flight‐lines planned in Figure 2, the helicopter also broke off the
flight‐lines to check on recent nearby collared caribou locations. With the helicopter based at Lupin
Mine and the absence of fuel closer to the main survey area, the survey was somewhat constrained by
long ferry flights of nearly an hour each, on average, between the Lupin Mine and the survey area.
Groups of caribou spotted on either side of the aircraft were classified. A few larger groups on the
Bathurst survey were classified from the ground by setting down the helicopter on high ground and
classifying caribou through a spotting scope. Most groups of caribou were classified from the helicopter
using motion‐stabilized binoculars. For larger groups, classifying every caribou was not possible and the
8
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focus was on classifying a representative, unbiased swath of caribou and limiting the disturbance to
caribou.

Figure 4: Survey blocks and flight line coverage planned for the June 2019 Bathurst calving ground
composition survey. Collared cow locations are from June 10. Three collared cows were in the east
survey block around Bathurst Inlet, one was in the small west block and 21 were in the central high‐
density block.
After the Bathurst June 2019 survey was completed June 8‐11, the helicopter and crew flew to
Kugluktuk on June 11, and the Bluenose‐East composition survey was flown June 12‐14 based in that
community. A temporary cache of 8 drums of jet fuel was set up just east of the main Bluenose‐East
concentration of collared females, using the helicopter’s sling gear, and the empty drums were removed
at the end to Kugluktuk.
Three survey blocks were also set up on the Bluenose‐East calving ground based primarily on the
distribution of 19 collared Bluenose‐East cows, whose locations in June 2018 were known, and 12
females with collars newly deployed in late winter 2018‐2019, whose locations in June 2019 defined
them as Bluenose‐East cows (Table 1). The high density block contained most of the collared females
and was assigned the largest search effort (closer line spacing; Figure 5). Additional blocks with lower
densities of collared cows were defined to the north and south of the high density block and flown at
wider line spacing.
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Figure 5: Survey blocks defined for the June 2019 Bluenose‐East calving ground composition survey.
Collared cow locations are from June 13. Three collared cows were in the north survey block (including
the one north of the block), 6 were in the south block and 21 were in the central high‐density block.
Data were analyzed using R statistical program (R_Development_Core_Team 2009) with the ggplot
package (Wickham 2009) used for plotting. Bootstrap methods (Manly 1997) were used to estimate
confidence limits for field measurements. Further maps were produced using QGIS GIS mapping
software (QGIS_Foundation 2015).
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RESULTS
Survey Conditions

Figure 6: Snow conditions on the Bathurst June calving ground composition survey June 8‐11, 2019.
Snow cover varied from about 50% (top right) to about 95% (bottom right). A substantial new snowfall
occurred on June 9.
Snow cover on the Bathurst calving ground survey area was substantial and snow‐melt was later than
normal in this area (Figure 6). On the first day of survey flying (June 8), snow cover was at least 80% in
much of the area. A flight from Lupin was attempted on June 9 but cut short due to poor weather (low
cloud/fog, strong winds and snowfall). Based on flights on June 10 and 11, it appeared that a substantial
fresh snowfall had occurred on June 9. In some areas, snow cover was about 50% but in most of the
survey area, snow covered at least 70‐80% of the ground. The snow conditions made it difficult to see
groups of caribou, particularly small groups, and likely reduced the number of groups classified overall.
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Figure 7: Snow conditions on the Bluenose‐East calving ground survey June 12‐14, 2019. Most low‐lying
areas were largely snow‐free, with some higher‐elevation areas still having 50% or more snow cover.
Snow cover on the Bluenose‐East calving ground June 12‐14, in contrast, was minimal in most areas
(Figure 7). Some higher‐elevation areas still had 50% or more snow cover, but most areas in the Rae and
Richardson valleys were nearly bare of snow. This made groups of caribou relatively easy to see, with
light‐coloured caribou contrasted against darker bare ground.
Composition Survey Results
A daily summary of flying hours and tasks for each day is shown in Table 2. Overall, the distance
between the base and fuel at Lupin Mine and the Bathurst calving ground meant that nearly an hour
was needed at the beginning and end of each flight traveling to and from the main survey area. This
constrained the time available to fly in the survey area. The helicopter’s range was extended somewhat
by carrying 5 metal 20‐liter fuel kegs. Ferry times in the Bluenose‐East survey area were generally
shorter and the temporary fuel cache meant more of the flying time could be devoted to the actual
survey. Several collared cows were seen during the survey, and where possible the reproductive status
of the cow was recorded. These observations are in Appendix 1.
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Table 2. Daily summary of flying hours and tasks accomplished on Bathurst and Bluenose‐East June 2019
calving ground composition surveys.
Date
June 8
June 9
June 10
June 11

June 12
June 13
June 14
June 15

Flying Hours and Tasks
Bathurst Calving Ground
5.9 hours; 2.2 hours ferry Yellowknife‐Lupin; 3.7 hours on survey
1.1 hours; attempted survey, turned back by poor weather (low cloud, snowfall, wind)
6.7 hours on survey
6.0 hours; 2.4 hours Bathurst survey; 2.1 ferry Lupin‐Kugluktuk; 1.5 hours fuel caching
Total hours 19.7; total on survey 13.9 hours.
Bluenose‐East Calving Ground
7.2 hours; 1.5 fuel caching; 5.7 hours on survey
8.1 hours on survey
7.5 hours; 6.0 hours on survey; 1.5 hours retrieve fuel cache drums
6.9 hours; community observer tour 2.0 hours; 4.9 hours ferry Kugluktuk‐Yellowknife,
retrieve stationary collars
Total hours 29.7; total on survey 19.8 hours

Bathurst Survey 2019
Flight lines with the helicopter and groups of Bathurst caribou classified June 8‐11 are shown in Figures
8a and 8b. Overall, a very high proportion of female caribou were found within a limited area of about
10x15 km near or in the Hood River valley, with limited numbers of caribou and only a few small groups
found outside this core area. The eastern end of the survey contained 3 collared caribou cows, whose
last locations we flew to, but we found just 3 small caribou groups on this flight. Within the core area,
some areas had several hundred cows. We did not attempt to classify all caribou in these larger groups,
rather we concentrated on obtaining an unbiased cross‐section of the caribou in these groups. Thus the
group sizes for larger groups in Figures 8a and 8b are under‐estimates of the actual groups, which were
in reality substantially greater. Smaller groups were generally classified completely or nearly so, thus the
group sizes recorded are closer to actual group sizes. In addition, we wanted to limit the disturbance to
cows with newborn calves. We landed the helicopter a number of times on June 8 in the vicinity of
larger groups to classify these groups using a spotting scope from a ground position. However, we had
limited success, as it was very windy and recent fresh snow was blowing and obscuring our ability to see
caribou clearly. Most caribou were classified from the air with motion‐stabilized binoculars.
We classified a total of 1,161 caribou (adults and newborn calves) in 52 groups on the Bathurst calving
ground in 2019 (Table 3). The percentage of cows classified as breeders was 86.0% and the calf:cow
ratio during the survey was 55.5 calves: 100 adult cows (64.3 calves: 100 breeding cows). We saw very
few bulls (21) and relatively few yearlings (107). There were no bull collars near the survey area in 2019.
In some years there is a “trailing edge” towards the south of the main calving area, where non‐breeding
cows and yearlings are common, and further south bulls increasingly predominate. We saw little
evidence of this trailing edge in 2019.
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Table 3. Summary numbers of caribou classified on June 2019 Bathurst and Bluenose‐East calving
grounds.
Category
Number of Groups Classified
Number of Caribou Classified
Adults Total
Cows Total
Breeding Cows
Non‐Breeding Cows
Bulls
Yearlings
Calves (New‐Born)
Calves: 100 Cows
Calves: 100 Breeding Cows
% of Cows Breeding

Bathurst Herd

Bluenose‐East
Herd
451
5,347
3,157
3,135
2,744
390
22
829
2,190
69.8:100
79.8:100
87.5

52
1,161
754
733
633
100
21
107
407
55.5:100
64.3:100
86.0

Table 4 provides estimates of the proportions of adult females breeding and other metrics, with
estimated standard errors and 95% confidence intervals.
Table 4. Population ratios from June 2019 Bathurst and Bluenose‐East calving ground composition
surveys. Variances were calculated using bootstrapping methods. SE = Standard Error; CI = 95%
Confidence Interval; BNE = Bluenose‐East.
Herd
Estimate
SE
CI
CI
Proportion of adult females breeding (breeding females /females)
Bathurst
0.86
0.02
0.83
0.90
BNE
0.88
0.01
0.86
0.89
Proportion of breeding females (breeding females/1+ yr old caribou)
Bathurst
0.74
0.03
0.68
0.79
BNE
0.69
0.02
0.65
0.72
Proportion of females (females/1+ year old caribou)
Bathurst
0.85
0.03
0.80
0.89
BNE
0.79
0.02
0.75
0.81
Calves/ adult females
Bathurst
0.56
BNE
0.70
Calves/ breeding females
0.643
Bathurst
0.798
BNE

0.04
0.02

0.47
0.67

0.63
0.73

0.04
0.01

0.56
0.77

0.71
0.82
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The proportion of adult breeding females is an estimate of pregnancy rate, assuming negligible pre‐birth
absorption/mortality so that breeding females are classified correctly, and assuming sufficient survey
coverage of all cows. Estimates of calves per 100 adult females or per 100 breeding females will be
sensitive to survey timing, as explored in the discussion.
Maps of caribou groups observed during the Bathurst survey are shown in Figures 8a and 8b; larger
groups are shown as larger circles and the proportions of breeding cows, non‐breeding cows, yearlings
and bulls are shown as sections in the pie charts for each group. Most of the groups were found within
an area of just 10x15 km in the Hood River valley. Just 3 small groups were seen on the eastern‐most
flight on either side of Bathurst Inlet on June 11; these contained few breeding cows and a number of
yearlings and bulls.

Figure 8a: Bathurst June 2019 composition survey flight lines June 8‐11, 2019 and groups of caribou
classified. Pie charts are sized in proportion to group size and pie sections reflect proportions of
categories of caribou shown in the legend (breeding cows, non‐breeding cows, yearlings and bulls).
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Figure 8b: Bathurst June 2019 composition survey flight lines June 8‐11, 2019 and groups of caribou
classified, zoomed in on main survey area. Pie charts are sized in proportion to group size and pie
sections reflect proportions of categories of caribou shown in the legend (breeding cows, non‐breeding
cows, yearlings and bulls).
Bluenose‐East Survey 2019
Results of the Bluenose‐East survey are shown in tabular form in Tables 3 and 4, together with the
Bathurst results. Flight lines with the helicopter and groups of Bluenose‐East caribou classified June 12‐
14 are shown in Figures 9a and 9b. As has been the case in other survey years, the overall area with the
main concentrations of calving cows was much larger than for the Bathurst herd, with most of the
female caribou classified in the Rae and Richardson river valleys. Within the core area, some areas had
several hundred caribou cows. As with the Bathurst survey, we did not attempt to classify all caribou in
these larger groups; rather we concentrated on obtaining an unbiased cross‐section of the caribou in
these groups. Thus the group sizes for larger groups in Figures 9a and 9b are under‐estimates of the
actual groups, which were often substantially greater. Smaller groups were generally classified
completely or nearly so, thus the group sizes recorded are close to actual group sizes. In addition, we
wanted to limit the disturbance to cows with newborn calves. All caribou groups on the Bluenose‐East
survey were classified from the air with motion‐stabilized binoculars.
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We classified a total of 5,347 caribou (adults and newborn calves) in 451 groups on the Bluenose‐East
calving ground in 2019. The percentage of cows classified as breeders was 87.5% and the calf:cow ratio
during the survey was 69.8 calves: 100 adult cows (79.8 calves: 100 breeding cows). The proportion of
breeding females was very similar in the two herds but the calf:cow ratios were higher in the Bluenose‐
East than the Bathurst herd. We saw very few bulls (22). All the Bluenose‐East bull collars were east and
south of the survey area and most of them were on the east side of the Coppermine River (Figure 5). We
saw a substantial number of yearlings (829), with very few of them near the western end of the survey
area and numbers increasing towards the east and south. On the southernmost survey lines, the caribou
groups were generally small and yearlings predominated in these groups.

Figure 9a: Bluenose‐East June 2019 composition survey flight lines June 12‐14, 2019 and groups of
caribou classified. Pie charts are sized in proportion to group size and pie sections reflect proportions of
categories of caribou shown in the legend (breeding cows, non‐breeding cows, yearlings and bulls).
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Figure 9b: Bluenose‐East June 2019 composition survey flight lines June 12‐14, 2019 and groups of
caribou classified, zoomed in on main survey area. Pie charts are sized in proportion to group size and
pie sections reflect proportions of categories of caribou shown in the legend (breeding cows, non‐
breeding cows, yearlings and bulls).
Group size distribution and other trends
We compared group size distribution between the Bathurst and Bluenose‐East herds on the June 2019
surveys, recognizing again that the larger group sizes are under‐estimates of actual group size (Figure
10). We also note that there were just 52 Bathurst groups classified and more than 8 times as many
Bluenose‐East groups (451), which suggests the need for some caution in comparing them. Overall,
distribution of group sizes was similar for the Bathurst and Bluenose‐East herds, with a tendency for
larger groups in the Bathurst herd. Mean group size for the Bathurst herd was 16.6 (std=18.9, min=1,
max=101, n=52) and for the Bluenose‐East was 8.8 (std=12.3, min=1, max=135, n=351). Groups of 10 or
less were by far the most common for both herds.
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Figure 10. Distribution of caribou group sizes observed during the June 2019 Bathurst and Bluenose‐East
calving ground composition surveys.
We assessed the proportion of breeding females (Figure 11) and the calf‐cow ratio (Figure 12) in groups
of different sizes. In general, patterns were less apparent for the Bathurst herd, which may be a
reflection of the limited sample size. For the Bluenose‐East herd, there was a tendency for larger groups
to contain higher proportions of breeding females and higher ratios of calves/breeding females. In
smaller groups there was high variability in the proportion of breeding females and in the calf‐cow ratio.
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Figure 11: The proportion of females breeding (breeding females/females) as a function of group size in
the Bathurst and Bluenose‐East herds in June 2019.
19

June 2019 Calving Ground Composition Surveys Bathurst and Bluenose‐East Caribou

Calves/breeding females

Bathurst

Bluenose-East

1.00

1.00

0.75

0.75

0.50

0.50

0.25

0.25

0.00

0.00
0

20

40

60

80

100

120

140

0

20

40

60

80

100

120

140

Group size

Figure 12: The calf‐cow ratio (calves/breeding females) as a function of group size in the Bathurst and
Bluenose‐East herds in June 2019.
We also assessed trends by survey date in numbers of two predominant categories of breeding cows:
cows with calves that had hard antlers and a distended udder (Antler‐Udder) and cows with calves that
had no antlers and a distended udder (No Antler‐Udder) (Figure 13). A third category of breeding cows –
cows with hard antlers but no distended udder – was also included in Figure 13, but there were very few
of these. Over time from June 8 to June 14, there was a decreasing trend in the Antler‐Udder category
and an increasing trend in the No Antler‐Udder category. It is likely that cows that have just given birth
or are about to give birth would still have hard antlers but would lose their antlers after giving birth.
Under this assumption, it can be surmised that sampling occurred past the peak of calving and that
calving between the herds was relatively synchronized. The graphs of collared cow movement rates also
suggested a very similar peak of calving around June 4‐6 (Figures 2a and 2b) for the two herds.
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Figure 13: Proportions of breeding female categories by date for the Bathurst and Bluenose‐East herds.
The sample size of each category is given above each bar. Observations recorded on June 11 for the
Bathurst herd are not included as only 3 groups were seen and they had very few breeding cows. A flight
on June 9 was cut short with no caribou observations, due to poor weather.
June 2019 calving composition results compared to other years
Estimates of the proportion of breeding females and other metrics for June 2019 differ from previous
estimates from calving ground surveys in that sampling was based only on distribution and relative
concentration of collared cows. In years of calving photo surveys, composition is assessed by a similar
composition survey but the photo/visual block fixed‐wing flying also provides information on relative
abundance of caribou in each block. These previous estimates utilized both the composition data and
the abundance data obtained by fixed wing and photo plane transect surveys. The rationale behind
using the ratio of breeding to adult females to estimate the proportion of breeding females was that it
accounted for the relative abundance of breeders on each stratum and utilized the systematic coverage
of the abundance surveys.
Estimates using the stratified approach were compared to the pooled (non‐stratified) approach by re‐
running data from the previous calving ground surveys with all the strata pooled and without the use of
the abundance survey data. This approach was basically identical to that used in the 2019 analysis. We
expected that the difference between estimates would not be large given that relative effort for
composition sampling on calving ground surveys was based on abundance. Strata with higher densities
of caribou received higher effort. In addition, bootstrap resampling weights the contribution of each
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group based on group size. Therefore, larger groups, which were often found in higher density strata,
would contribute more than smaller groups.
Comparison of estimates using the two approaches for the past 4 calving ground surveys (Adamczewski
et al. 2017, 2019; Boulanger et al. 2014a,b; 2016, 2017, 2019; Nishi et al. 2014) for each herd suggests
similar estimates and overall trends in proportion of breeding females (Figure 14). Estimates using the
pooled approach have tighter confidence intervals since they do not include variance from the
abundance estimates of breeding females and adult females. The overall similarity in estimates suggests
that the general coverage of composition surveys followed general abundance patterns, which is
reassuring. Over the 2009‐2019 interval, the lowest proportions of breeding females in both herds were
recorded in 2015 (60% Bathurst and 64% Bluenose‐East) and the highest in 2019 for both herds (86%
Bathurst and 87.5% Bluenose‐East).

Figure 14: Comparison of stratified estimates of proportion of females breeding (used in previous
calving ground surveys) and pooled estimates (used in this analysis) for the Bathurst and Bluenose‐East
herds from June calving composition surveys. The green bars are the most directly comparable across
surveys, including the 2019 results.
Incidental Observations of Other Wildlife
Incidental observations of other wildlife on the June 2019 calving ground surveys are summarized in
Table 5, and their locations in relation to caribou groups seen are shown in Figures 15 and 16. For
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comparison, we include in Table 5 sightings of these other species from the June 2018 composition
surveys (Adamczewski et al. 2019, Boulanger et al. 2019). We included here only the 2018 sightings from
the composition surveys to make the numbers directly comparable; that is, we did not include sightings
from fixed‐wing flying in 2018. Incidental sightings that include observations from fixed‐wing and
helicopter flights are included in Adamczewski et al. (2019). Eight grizzly bears and no wolves were seen
on the Bathurst calving ground in 2019; one wolf was seen south of the calving ground. One group of
three bears (female with two cubs) was seen in an unexpected location on the ice of Bathurst Inlet. The
other grizzly bear sightings were generally near caribou and one bear was seen with a newborn calf in its
mouth. Fourteen grizzly bears and 3 wolves were seen on the Bluenose‐East calving ground in 2019, and
all but one bear were near caribou groups. In most cases the bears were within sight of caribou groups.
These observations continue a trend of grizzly bear sightings being much more common than wolf
sightings on these two calving grounds. For example, in June 2018, 8 grizzly bears and 3 wolves were
seen on the Bathurst calving ground and 21 grizzly bears and 1 wolf were seen on the Bluenose‐East
calving ground during the composition surveys.
Table 5. Sightings of eagles, grizzly bears, moose, muskoxen, foxes, wolverines and wolves on the
Bathurst and Bluenose‐East calving grounds during June 2018 and June 2019 calving ground composition
surveys.

Species
Eagle
Grizzly Bear
Moose
Muskox
Red/Arctic Fox
Wolverine
Wolf

Bathurst Calving Ground
2018
2019
1
2
8
8
3
1
62
15
0
0
0
2
3
0

Bluenose‐East Calving Ground
2018
2019
0
3
21
14
1
1
12
65
0
0
0
0
1
3

23

June 2019 Calving Ground Composition Surveys Bathurst and Bluenose‐East Caribou

Figure 15: Sightings of possible caribou predators (wolves, grizzly bears and eagles) on Bathurst calving
ground in June 2019 during composition survey. Groups of larger than one are labelled with group size
near the symbol. Three of 8 grizzly bears were found on the ice of Bathurst Inlet, a rather unusual
sighting; the others were all in the higher‐density portion of the calving ground near the Hood River.
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Figure 16: Sightings of possible caribou predators (wolves, grizzly bears and eagles) on Bluenose‐East
calving ground in June 2019 during composition survey. Groups of larger than one are labelled with
group size near the symbol. Thirteen of 14 grizzly bears were near caribou groups.
Movement of collared Bathurst caribou to Queen Maud Gulf lowlands
In May‐June 2018, 3 of 11 (27%) Bathurst collared cows whose June 2017 location was on the Bathurst
calving ground moved to the Beverly calving ground in the Queen Maud Gulf lowlands, which suggested
some emigration had occurred to the much larger neighbouring herd. Estimates of herd size in June
2018 indicated about 8,200 adult Bathurst caribou compared to just over 100,000 Beverly caribou, a
ratio of about 12:1. In 2019, we monitored the movements of 17 collared Bathurst whose June 2018
locations were on the Bathurst calving ground, to assess whether any further movement to the Queen
Maud Gulf might occur. Of the 17 known Bathurst collared cows, 14 were on the Bathurst calving
ground in June 2019 and 3 (17.6%) moved to the main Beverly calving ground in June, well east of
Bathurst Inlet. While again based on a limited sample, this movement suggests that some emigration of
Bathurst cows continued in 2019.

DISCUSSION
June 2019 survey results and implications to the Bathurst and Bluenose‐East caribou herds
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The June 2019 calving ground composition surveys of the Bathurst and Bluenose‐East herds showed a
high proportion of breeding females in both herds (86% and 87.5%) and a relatively early peak of calving
(June 4‐6) when compared to similar calving ground surveys of both herds 2009‐2018. An earlier peak of
calving was correlated with a higher birth rate (or proportion of breeding females) in the Bathurst herd
(Chen et al. 2018). In the George River herd, the peak of calving shifted from about June 4 in the 1970s
when the herd was growing rapidly to about June 12 in the late 1980s and early 1990s when the herd
reached peak abundance and began to decline (Bergerud et al. 2008). When George River caribou
females were taken into captivity and well fed in April 1987, the peak of calving was June 12; in 1988 it
was June 7 and in 1989 it was June 4, essentially reversing the change documented in the free‐ranging
herd from the 1970s to the 1980s and 1990s (Crête et al. 1993 in Bergerud et al. 2008). Bergerud et al.
(2008) indicated that the later calving resulted primarily from a later peak of conception. The estrus
cycle in caribou is usually 10 days long, and later calving primarily resulted from more females breeding
on a later estrus period (Bergerud et al. 2008). The probability of pregnancy is strongly associated with
cow condition in caribou, with very lean females unlikely to be pregnant (Cameron et al. 1993, Cameron
and Ver Hoef 1994).
Given these findings for the Bathurst herd and other caribou herds, the early peak of calving and high
proportion of breeding females in the Bathurst and Bluenose‐East herds in 2019 is most likely associated
with good condition during the fall (October) breeding season in 2018, with a high percentage of cows
breeding on the first estrus period and a high pregnancy rate overall. Observations from Allen
Niptanatiak, long‐time wildlife officer in Kugluktuk, indicate the summer of 2018 was relatively cool and
wet and the insect season was not severe, which could have contributed to good summer feeding
conditions, leading to good condition in caribou cows and a high pregnancy rate in the fall 2018
breeding season. In contrast, very high drought and warble fly indices for both herds in summer 2014
were followed by low percentages of breeding females in both herds in June 2015 (see Figure 14).
Boulanger and Adamczewski (2017) suggested high summer drought and warble fly indices on the
Bathurst and Bluenose‐East ranges may in part have contributed to poor female condition and low
pregnancy rates in some years.
The percentage of breeding females and the apparent relatively early peak of calving (June 4‐6 based on
collars, and calf‐cow ratios over 50:100 observed from June 8 on) were very similar in the Bathurst and
Bluenose‐East herds. In addition, the declining trend in cows with calves having hard antlers and
increasing trend in cows with calves and no antlers appeared to follow a similar trend in the two herds
(Figure 13). However, the calf‐cow ratio was clearly lower in the Bathurst herd (55.5 calves: 100 adult
cows, 64.3 calves: 100 breeding cows) than in the Bluenose‐East herd (69.8 calves: 100 cows, 79.8
calves: 100 breeding cows). Two explanations are possible: (1) the Bathurst survey was flown before the
Bluenose‐East survey, hence a higher proportion of the pregnant Bluenose‐East cows had given birth
when surveyed, and some of the pregnant Bathurst cows had not yet given birth when surveyed; and (2)
early calf mortality on the Bathurst calving ground was higher than on the Bluenose‐East calving ground.
The timing of the composition survey in June is important, based on the surveys in June 2019 and earlier
years. Observations of newborn calves from fixed‐wing flights before the peak of calving will often show
very low numbers, but as the peak is reached, the percentage of cows seen with calves increases quickly
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day to day. The proportions of antlered cows with calves (Figure 13) appeared to decrease on a daily
basis for both herds, presumably reflecting more cows June 13‐14 having given birth and then having
shed their antlers than on June 8‐10. Thus a difference of a few days between the two surveys could
have made a difference if calving was still underway, and potentially the calf‐cow ratios would have
been more similar if surveys of the two herds had been simultaneous. It is possible that early calf
mortality on the Bathurst calving ground was high, but it seems unlikely that early calf mortality would
have been so much higher on the Bathurst calving ground than on the Bluenose‐East calving ground as
to cause the difference in calf‐cow ratios recorded just a few days apart. Grizzly bears were the most
commonly observed predators on both calving grounds. We also noted inclement weather on the
Bathurst calving ground June 8‐10 (high snow cover, high winds, substantial fresh snow on June 9),
which did not appear to be the case on the Bluenose‐East calving grounds June 12‐14 where the ground
was nearly bare and weather less severe.
Survey coverage based on collars
One assumption of composition surveys in 2019 is that the distribution of collared adult female caribou
used to delineate and allocate sampling was representative of overall adult female caribou distribution
and abundance in each herd. On the Bathurst survey, 23 of 24 collared females were in surveyed areas
and on the Bluenose‐East survey, 30 of 31 collared females were in the surveyed areas. In years of
calving photo surveys, collar distribution is important but fixed‐wing flying also covers outlying areas
well beyond the collar locations. If some non‐breeding female caribou remained further south and were
not covered in sampling, then estimates of the proportion of breeding females would be biased high.
However, inspection of the distribution of collared caribou relative to survey strata in previous calving
ground surveys suggests that, in general, collared caribou delineate the distribution of adult females
well and therefore it is likely that coverage was adequate in June 2019. This type of comparison could be
more formally undertaken by comparison of core range using collared caribou versus core range using
reconnaissance surveys. However, this type of analysis is beyond the scope of the current work. We also
note that the southeastern end of the Bluenose‐East survey coverage (Figure 9a) showed a transition
from cows to primarily yearlings and a few bulls, with 3 flight lines of coverage. In the past these
transitional areas, known as the “trailing edge”, typically have had substantial numbers of non‐breeding
cows in addition to yearlings and some bulls. We believe that in 2019 there were in fact very few non‐
breeding cows in both herds and most of them were mixed with cow‐calf groups, thus very few cows
were in the “trailing edge” transitional areas.
Value of composition surveys in June, October and March
The value of composition surveys at calving in June, during the rut in late October and in late winter
(March or April) is that these allow a better understanding of what may be impacting a herd. Initial
productivity, calf survival through the summer, and calf survival through the winter can all influence
recruitment of calves to being one‐year‐olds the following June. There was evidence from the Cape
Bathurst, Bluenose‐West and Bathurst herds between 2000 and 2006 of late calving and sustained low
calf‐cow ratios, and all three herds declined rapidly over this period (Adamczewski et al. 2009). The June
composition surveys provide a strong measure of pregnancy or initial productivity of young. Comparison
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of the June and fall surveys provides an index of calf survival through the summer. Comparison of
October and March calf‐cow ratios allows an assessment of over‐winter calf survival. Figure 17 shows
estimated trends in breeding proportion of cows, calf survival and overall calf productivity for the
Bathurst herd using an integrated population model (Adamczewski et al 2019). If calving, fall and late‐
winter composition surveys are conducted, it is possible to gain estimates of initial productivity and both
summer and winter calf survival, and to assess which of these may be limiting the herd. Overall
estimates of productivity can then be used to further forecast overall population trends.

Figure 17: Relationships between breeding proportion, estimated calf survival and overall productivity
using a Bayesian integrated population model. The red dots represent field measurements of breeding
proportion and spring calf cow ratios. The blue lines are estimates from the demographic model, as
detailed in Adamczewski et al. (2019).
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Appendix 1. Status of collared cows seen during June 2019 calving composition surveys
AU = Antler(s) Present and Udder Distended
NAU = No Antler(s) Present, Udder Distended
NANU = No Antler(s) Present, Udder Not Distended
ANU = Antler(s) Present, Udder Not Distended
Yrl = Yearling (2018 calf)
Bathurst calving ground:
BGCA19356
10‐Jun‐2019 9:58:00 AM
Tablet waypoint #29
67.03147655; 109.2963282
In a group of (11 AU, 9 NAU, 1 NANU, 12 calves)
Collared cow was antlered with udder and calf.
BGCA15224b (possibly)
10‐Jun‐2019 11:19:09 AM
Tablet waypoint #43
66.86729022; 109.094952
In a mixed group (1 AU, 2 NAU, 3 ANU, 3 NANU, 2 Calves, 2 Yrl)
Collared cow was non‐antlered with no calf (no udder status recorded).
BGCA18113
10‐Jun‐2019 2:48:29 PM
Tablet waypoint #48
66.84793213; 108.980618
In a group of (13 AU, 4 NAU, 6 NANU, 3 Calves, 3 Yrl)
No breeding status recorded for collared cow.
BGCA18140
10‐Jun‐2019 3:17:39 PM
Tablet waypoint #55 (67.11899596; 108.713655)
In a group of (1 ANU, 1 NANU)
Collared cow was antlered with no udder.
Collar located north of high block close to Wilberforce Falls.
She was in what looked like a good snow free patch. Shortly after we saw her she made a 14 km
movement SW (thru extensive boulder field) to reach the top part of our survey block but returned
north the next day. Collar looked a bit loose

Bluenose East calving ground:
BGCA18166
6/12/2019 1:05:07 PM
Tablet waypoint #12 (68.69960819, 118.608139)
In group of (2 AU, 1 NAU, 1 NANU, 1 calf, 2 Yrl)
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Collared cow was non‐antlered with udder and calf.
Blue collar (Target herd BNWest in 2018; Calved BNE in 2018 and 2019)
At top end of Bluenose Lake
BGCA19372
6/13/2019 11:10:30 AM
Table waypoint #147 (68.04873991; 118.4569673)
In group of (1 AU, 2 NAU, 1 NANU, 2 Calves, 1 Yrl)
Collared cow was non‐antlered with udder and without a calf.
BGCA19301
6/13/2019 1:54:50 PM
Table waypoint #199 (68.02900025; 118.0977446)
In group of (1 NAU, 1 NANU, 1 Yrl)
Collared cow was a non‐antlered with udder on her own. NANU and yrl close by.
BGCA19338
6/13/2019 3:15:33 PM
Table waypoint #256 (67.97565761; 118.5998023)
In group of (11 AU, 11 NAU, 3 ANU, 4 NANU, 20 Calves, 10 Yrl)
Collared cow was antlered with no udder with a yearling.
BGCA18128
6/13/2019 9:30:31 PM
Table waypoint #266 (67.99279397; 118.1688065)
In group of (3 AU, 2 NAU, 2 NANU, 4 Calves, 4 Yrl)
Collared cow was antlered with udder and calf.
BGCA17124
6/13/2019 3:50:47 PM
Table waypoint #273 (67.93094393; 118.0388946)
In group of (17 AU, 20 NAU, 1 NANU, 35 Calves, 1 Yrl)
Collared cow was antlered with udder and no calf but with placenta hanging out.
BGCA16133
6/13/2019 5:22:17 PM
Table waypoint #303 (67.90182531; 117.5472991)
In group of (7 AU, 5 NAU, 4 Calves, 3 Yrl)
Collared cow was non‐antlered with udder and calf.
Darker tan collar (Argos/GPS collar)
BGCA16130
6/14/2019 2:45:59 PM
Table waypoint #439 (67.72549764; 117.4505097)
In group of (4 AU, 1 NAU, 4 Calves, 5 Yrl)
Collared cow was antlered with udder and calf.
Tan collar (Argos/GPS collar)

33

June 2019 Calving Ground Composition Surveys Bathurst and Bluenose‐East Caribou
Appendix 2 ‐individual collar movement rates

Figure 1: Bathurst individual collared cow movement rates May 22 to June 14, 2019.
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Figure 2: Bluenose‐East individual collared cow movement rates May 22 to June 14, 2019.
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