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Abstract:

Barren-ground caribou (Rangifer tarandus) were introduced onto Southampton
Island (SHI) from Coats Island, in the Kivallig Region of Nunavut, in 1968,
following their extirpation from SHI in the early 1950s. This demographic study
illustrates large fluctuations in abundance and distribution of caribou on SHI
since its re-occupation. The SHI caribou herd grew from the 48 animals
introduced in 1968 to an estimated population of 30,381 animals (+/- 3,982, 95%
Cl) by June 1997, with an annual rate of increase of approximately 23%. The
SHI herd supported a subsistence harvest beginning in 1978, and a largescale
commercial harvest beginning in 1993. After nearly 30 years of growth, herd
abundance declined from the estimated 30,381 in June 1997 to 20,582 (95%
Cl=3,065; CV=0.075) in June 2005, to 15,452 (95% CI=1,858; CV=0.061) in
June 2007, to 13,953 (95% CI=1,790; CV=0.065) in June 2009, to 7,903 (95%
Cl=1,261; CV=0.081) in June 2011, and then to 7,287 (95% CI=1,045;
CV=0.073) in May 2013. By May 2015, the population had increased again to
12,297 (95% CI = 1,844; CV = 0.076). However, by 2017, the population had
declined again to 9,887 (95% CI = 1,438; CV = 0.080). During the decline
caribou distribution gradually concentrated into a core area within the south-
central portion of the Island in the vicinity of the Kirchoffer River. Harvest
estimates over the same periods varied widely. Following the 2011 survey, an
annual Total Allowable Harvest (TAH) of 1,000 caribou was applied over the
2012, 2013, and 2014 harvesting seasons. Following the population increase
detected in 2015, the TAH was increased to 1,600 caribou annually then dropped
by the community of Coral Harbour to 1,000 caribou following the 2017 estimated
declines. Susceptibility to disease and parasites due to low genetic
heterogeneity has been a concern since the introduction of caribou to SHI, and
was a likely catalyst to the wide spread infection of caribou with Brucellosis suis
first detected in the population February 2000. Prevalence of Brucellosis climbed
from 1.7% in February 2000 to 58.8% in March 2011 and this increase is thought



to have contributed to decreased pregnancy rates over the same period.
Pregnancy rates dropped from a high of 93.1% in February 2001 to a low of 37%
in March 2011. Trend analysis suggests that the SHI caribou population has
been decreasing at a rate of 9% per year since the 1997 survey. A genetic
analysis and local knowledge confirmed the occurrence of a movement event
between the mainland and SHI between the winters of 2014 and 2015 which
likely increased the population. However, comparison of the 2015 and 2017
survey estimates suggests the 9% decline continued over the two to three years
following this event. Given the continual and steep nature of the decline,
combined with the reliance of users on this population for subsistence and
commercial harvesting purposes, a reduction in TAH is recommended to reduce

the rate of decline and maintain the population over the long term.

Key words: Commercial harvest, barren-ground caribou, caribou, Rangifer
tarandus, Southampton Island, Coral Harbour, Kivalliq, disease, Brucellosis suis,

Nunavut, population survey, demographic studies.
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1.0 Introduction

Following the extirpation of caribou from Southampton Island (SHI) in the early
1950s, there was much discussion regarding their re-introduction as well as
recognition of the careful husbandry that must go hand in hand with any such
program (MacPherson, 1967). Discussions continued up until 1967 at which time
Northwest Territories Commissioner Stuart Hodgson along with D.S. Munro,
Director of the Canadian Wildlife Service (CWS), made the decision to move
forward with the reintroduction of caribou to SHI. The target group for the source
population was the Coats Island Herd, due to its close proximity and ecological
and environmental similarities to Southampton Island. Regional Superintendent
A. G. Loughery and Research Supervisor A.H. MacPherson began
implementation of the program on June 7%, 1967. The very first animals on
Southampton Island following their extirpation, were these 48 animals captured
and transported from Coats Island.

From their start on Southampton Island, caribou were watched closely by wildlife
officials. The first evidence of the success of the introduction was communicated
by the game Management Officer Ed Bowden who estimated between 100 and
125 caribou ranging over the southern half of the island in the winter of 1971
(Game Management Files, 1971, 1972, 1973). The success of the re-
introduction was soon realized and an aerial survey to estimate the population
planned for June 1978. From 1978 to 1999 the Government of the Northwest
Territories managed the progress of the 1948 reintroduction of caribou. With its
formation in 1999, the Government of Nunavut (GN) took over this responsibility.
The current GN management strategy follows a management plan developed in
partnership with the Coral Harbour HTO and consists of a program relying upon
regular aerial surveys and an extensive health monitoring program. Due to
confirmed declines following the 2011 population estimate, the health monitoring

component of population monitoring of the SHI herd, which included a one
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hundred animal harvest for the assessment of health and condition, has been

suspended to allow all available tags to go to the hunters of Coral Harbour.

The introduced caribou had steadily increased to an estimated population of
30,381 animals (95% Cl=3,982; CV=0.066) in 1997, which represented the
highest number of caribou ever recorded on the island. The 1997 estimate
suggested a rate of increase of 23% between survey periods. However, the
potential for a founder effect for this introduced population, leading to low genetic
variability and increased susceptibility to disease and parasites was a concern.
In February 2000, the reproductive disease Brucellosis suis was detected and
grew to a prevalence of 58.8% by February 2011. High rates of Brucellosis in the
population are thought to have been the main catalyst behind later declines
observed following the June 1997 survey (Campbell, 2015). An aerial population
survey conducted in 2003 detected the first decline of caribou since their
introduction, showing a population estimate of 17,981 +/- 2,127 (95% Cl=2,127;
CV = 0.06) animals. The population remained relatively stable, or increased
slightly, between June 2003 and a follow-up survey flown in June 2005. The
June 2005 abundance survey estimated 20,582 +/- 3,056 (95% CI=3,056;
CV=0.075), but the observed increase from 2003 results was not found to be
statistically significant. The first evidence of a significant drop in abundance was
recorded between June 2005 and June 2007 when survey results estimated
15,452 (95% CI=1,858; CV=0.06) caribou. This suggested a 14% decline from
the June 1997 estimate (Campbell, 2015). The SHI caribou population continued
its decline to 13,953 (95% CI=1,790; CV=0.07) in 2009, and to 7,902 (95%
Cl=1,261; CV=0.08) in June 2011. Following the introduction of a Total
Allowable Harvest (TAH) by the 2012 harvesting season, the decline slowed and
by May 2013, abundance was statistically stable at an estimated 7,287 (95%
CI=1,045; CV=0.07) caribou (Campbell, 2015).

Over this same period, body condition did not appear to change, with the

exception of a condition study in February and March of 2011 which showed that
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the Southampton Island Herd was in the poorest condition reported since the
initiation of the health monitoring program in March 1993 (Campbell, 2015).
During the winters of 2010 and 2011, hunters reported numerous freezing rain
events and extensive icing across the island. These icing events likely made
winter forage less accessible to caribou (Tyler, 2010). Icing events that reduced
accessibility to food could also have been associated with observed declines in
condition, which further reduced reproductive success (Cameron et al. 1993,
Gerhart et al. 1997). Support for this hypothesis stemmed from numerous local
reports of starving and dead caribou during mid to late winter 2011 (Campbell,
2015).

Along with severe weather events, reproductive disease is thought to be a major
contributor to overall population declines. Pregnancy rates declined from
approximately 80% in 1997, to 60% in 2003, reaching a low of 36.3% in 2008,
then climbing to 55.6% in 2010 only to decline again to 37.0% in 2011 (Campbell,
2015). The reproductive disease Brucellosis suis (Brucella) was first detected in
February 2000 at a rate of 1.7% and by March 2011, rates of infection had risen
to 58.8% by March 2011 (Campbell, 2015). High Brucella infection rates raised
concerns regarding human health, as well as the ability of the SHI caribou herd
to sustain and recover from substantial commercial harvesting and subsistence

harvesting pressures.

Brucellosis and icing events are not the only issues threatening the SHI caribou
population. Over-harvest has become a dominant threat to the long term
sustainability of this population. In particular, a growing export market within
Nunavut territory, driven in large part through caribou meat sales via social
media, has been driving harvest levels beyond sustainable limits since 2011.
Elements of the unrestricted sale of caribou meat are also driving increased
harvest pressure on breeding females: customers on social media offer higher
payment for fat caribou, which during the winter and spring seasons are

predominantly pregnant females.
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In this report we summarize the findings of over 20 years of monitoring on the
SHI caribou herd and discuss trends in abundance, disease, harvest, and other
long-term threats to the herd and their implications for management of this

population.
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2.0 Study Area

At 43,000 km?, Southampton Island is the largest island in Hudson Bay. The
island is divided into the Northern and Southern Arctic ecozones. The Northern
Arctic ecozone covers White Island, and the northeastern third of Southampton
Island including northern Bell Peninsula and can be further divided into the
Boothia-Foxe Shield eco-province and then the Wager Bay Plateau ecoregion
(Figure 1).

The Wager Bay Plateau ecoregion covers the northeastern Kivallig Region,
extending westward from the northern portion of Southampton Island on Hudson
Strait to Chesterfield Inlet in the south, and as far west as the Back River (Wiken,
1986; Natural Resources Canada, 2001). The mean annual temperature is
approximately -11°C with a summer mean of 4.5°C and a winter mean of -
26.5°C. The mean annual precipitation ranges from 200 to 300 mm. This
ecoregion is classified as having a low Arctic ecoclimate and is characterized by
a discontinuous cover of tundra vegetation, consisting mainly of dwarf birch
(Betulaglandulosa),  willow  (Salix  spp.), northern Labrador tea
(Ledumdecumbens), mountain avens (Dryas integrafolia), and Vaccinium spp.
Taller dwarf birch, willow, and alder (Alnusspp.) occur on warm sites, while wet
sites are dominated by willow and sedge (Carex spp.). Lichen-covered rock
outcroppings are prominent throughout the ecoregion. This ecoregion is
composed of massive Archean rocks of the Canadian Shield that form broad,
sloping uplands, plains, and valleys. It rises gradually westward from Chesterfield
Inlet to 600 m ASL (above sea level) elevation, where it is deeply dissected.
Turbic and static cryosols developed on discontinuous, thin, sandy moraine and
alluvial deposits are the dominant soils in the ecoregion, while large areas of
regosolic static cryosols are associated with marine deposits along the coast.

Permafrost is continuous with low ice content. Naujaat and Baker Lake are the
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main settlements within the ecoregion (Wiken, 1986; Natural Resources Canada,
2001).

The Southampton Island Plain ecoregion includes the remainder of Southampton
Island and all of Coats and Mansel Islands (Figure 1). The mean annual
temperature is approximately -11°C with a summer mean of 3°C and a winter
mean of -24.5°C. The mean annual precipitation ranges from 200 to 300 mm
(Wiken, 1986; Natural Resources Canada, 2001). This ecoregion is classified as
having a low Arctic ecoclimate and is characterized by a nearly continuous cover
of low Arctic shrub tundra vegetation, consisting of dwarf birch, willow, northern
Labrador tea, mountain avens, and Vaccinium spp. Wet sites are dominated by
willow, sedge, and moss. The region is composed of the partly submerged
blanket of flat-lying Paleozoic carbonate rocks and is generally less than 90 m
ASL in elevation. Bedrock outcrops are common. Static and turbic cryosols
developed on level to undulating morainal and marine deposits are the dominant
soils. The maritime influence is limited to the late summer and early fall. Coastal
ice and fog persist for long periods in the summer when the sea ice is absent.
The ecoregion is underlain by continuous permafrost with medium ice content
composed of ice wedges. Coral Harbour is the largest settlement within this
ecoregion (Wiken, 1986; Natural Resources Canada, 2001).
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3.0 Methods

3.1 Caribou Introduction (1967) — An Historical Account:

Caribou reintroduced to Southampton Island from the Coats Island Herd were
initially immobilized from a G2 helicopter using a CO2 gas-operated Palmer ‘Cap-
chur’ gun and both 2 cc and 5 cc darts. The darts used during the initial capture
contained a pre-measured dose of crystalline succinylcholine (‘Anectine’)
dissolved in isotonic water at a concentration of 5mg/cc and administered at a
rate of 5 mg per 100 pounds (Eskimo 1968). The tranquillizer ‘Largactil’ at a
concentration of 25 mg/cc and a dosage of 125mg per 100 pounds was used to
maintain immobility. Up to seven animals were captured in this way, per day.
Captured animals were taken to a base camp with an enclosure on Coats Island,
where they were weighed, medicated with Vitamin E and Selenium, as well as an
antihistaminic and anti-biotic, injected into the shoulder. Animals were held for
up to one week. From the enclosure, animals were re-captured for transport by
roping or tackling, tied up in slings, tranquillized and placed in single and twin
Otter fixed wing aircraft for their final transport and release onto Southampton
Island, in the vicinity of the airport. In total, 66 caribou, comprising 12 bulls, 26
cows (one pregnant), and 10 calves (8 male and 2 female), were captured and
released onto Southampton Island. Of the original 66, 18 animals died, two from
dart wounds, two from broken legs, and six from what appeared to be capture
myopathy (CWS correspondence, 1969; Eskimo 1968). Reasons for the
remaining eight deaths do not appear in the records examined. In total, 48
animals survived the reintroduction and make up the founding group of

Southampton Island’s reintroduced caribou herd.
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3.2 Aerial Surveys (1978-2012):

Following their reintroduction onto Southampton Island, caribou were monitored
periodically by both local and Government wildlife officials, primarily using
ground-based methods. Kraft's aerial survey flown in November 1978 was the
first scientific population estimate made since their re-introduction (Kraft, 1981).
Kraft used a stratified transect survey method to cover 3 strata that were believed
to represent the full extent of the Southampton Island Herd’s distribution. The
survey was flown between November 22" and 25, 1978 and utilized one
observer on each of the left and right side of the single engine high wing DE
Havilland Otter aircraft. Transects were placed 6.44 km apart for a total of 12.5
% coverage of the entire survey area. Effective strip width was a total of 800
meters, 400 meters out each side of the aircraft, while survey elevation was 122
meters AGL (above ground level) with a mean survey speed of 140 Kph (Kraft
1981). Population estimates were derived by calculating the density of caribou

observed for all transect strips, and multiplying density by the total stratum area.

3.3.2 Random Block Survey Method:

A second survey method was employed in June 1986 and consisted of a
stratified random block survey design (Heard and Grey, 1987). The census zone
was divided into 5 strata which received differential coverage ranging from 11%
to 54%. The stratification into census zones was based on a pre-survey
reconnaissance, habitat and range preference (Parker, 1975), and recent
observational data from both local hunters, wildlife service personnel, and
previous survey observations of caribou. A Bell 206B helicopter was used as the
survey vehicle at variable speeds and altitudes. The survey personnel consisted
of two rear seat observers, a front left seat navigator, and a pilot. Sightings from
all personnel were recorded. Each animal observed was approached and circled
so that its sex and age could be determined. Heard and Grey also attempted to
determine sightability through the re-surveying of portions of three blocks at three
times the initial survey intensity and determining the differences recorded
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between these surveys. This method of determining sightability was, however,
unsuccessful do to the movement of animals between surveys. A third survey
flown June 1991 aimed at improving the 1987 survey effort. The June 1991
survey followed, for the most part, the same methodology employed in 1987 by
Heard and Grey (Ouellet, 1992). The main modifications made to the 1987
methods were made to ensure complete coverage of the island and involved the
delineation of two strata defined as low density which were surveyed using an
aerial strip transect survey flown with a Cessna 337 fixed-wing aircraft. Sampling

intensity varied from 11% to 51% over 48 transects and/or blocks flown.

3.3.3 Single Observer Pair Method:

The November 1978, March 1990, June 1995, 1997, 2003, 2005, 2007, and
2009, surveys were flown using a single observer pair stratified systematic aerial
strip transect method while the June 2011, May 2015, and May 2017 surveys
were flown using a dependent double observer pair stratified aerial strip transect
method. Little of the method has been documented for the March 1990 survey
that was undertaken to estimate the SHI caribou population and distribution
(Ouellet, 1992). The March 1990 survey was flown using a Cessna 337 fixed
wing aircraft at 120 meters above ground level (AGL) at various speeds between
100 and 120 knots. The survey crew included two rear seat observers, a front
right seat navigator, and the pilot. The strip width on each side of the aircraft was
400 meters. The survey covered the entire Island using 18 transects, which
yielded 4% coverage, leading to low survey intensity and precision, resulting in
an estimate of 9,319 (95% CI1=6,341) caribou (Ouellet, 1992). Because of the
low precision of the 1990 estimate, the survey was repeated in 1991 utilizing a
different quadrat method. The 1991 survey estimated 13,676 (95% CI=3,105;
CV=0.12), and being of greater precision, should be the relied upon estimate. A
single observer pair stratified systematic aerial strip transect survey was flown in
late June and early July of 1995, but there were serious problems of sightability
as caribou were extremely hard to see due to their darker summer coats.

Surveyors consider their population estimate result from the 1995 survey of
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18,275 +/- 1,390 (95% CI) to be a major underestimate, and these results are
therefore excluded from this report. Due to the sightability issues with the 1995
survey, a specific recommendation was made to conduct surveys earlier in June
or before, prior to moulting (Mulders, pers. comm.). The survey to re-estimate
the population was later flown in June 1997 and resulted in a population estimate
of 30,381 (95% CI=3,982; CV=0.066).

Survey efforts in June 1997, 2003, 2005, 2007, 2009, 2011, 2012, May 2013,
2015 and 2017 utilized a stratified systematic aerial strip transect method flown
with a high wing single engine turbine or gas, fixed wing aircraft. In 2013 surveys
were moved from early June to mid-May as weather modelling indicated more
“flyable” days during May. Additionally, the month of May provided more
continuous snow cover for improved sightability, while maintaining distributions
within June based strata. These findings lead to a permanent change in survey
scheduling to May. Reconnaissance surveys used to delineate strata extents
were flown in June of 1997, 2003, 2005, and 2007 (Figure 2). Although densities
of caribou declined between 1997 and 2013, strata remained consistent with an
even drop in relative densities across all survey strata, with the exception of
White Island (Figure 3), where caribou abundance declined disproportionately
more than on Southampton Island. Though strata remained similar between
surveys, transect spacing did increase with decreasing relative densities within
the Bell Peninsula and White Island strata. The largest single modification to
strata occurred within the Low South strata in 2005 as a result of extensive
flooding along the Boas River, which travels through the strata. In this case
transects over the Boas River area were shortened to avoid flooded areas where
caribou would not be found. Strip width (w) for all surveys were established
using streamers or dowels attached to the wing struts, based on calculations
described in Norton-Griffiths (1978) (Figure 4), and as follows:

w =W *h/H

where:
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W = the required strip width;
h = the height of the observer’s eye from the tarmac; and

H = the required flying height

Strip width calculations were confirmed by flying perpendicularly over runway
distance markers or other fixed distance markers periodically throughout the

survey. The strip width area for all abundance surveys was 400 meters per side.

Standardized reconnaissance transects with a total observation strip of 800
meters (400 meters per side) were flown during the June 1997, 2003, and 2005
surveys and used to stratify caribou into areas of similar relative densities, used
later to allocate effort for the abundance phase (Heard 1987). A stratified
random transect method was then used during the abundance phase of all
surveys (Figure 5 to 8). Attempts were made to maintain a constant altitude of
400 ft. during the 1978, 1990, 1995 and 1997 surveys. A radar altimeter was
employed during the 2003, 2005, 2007, 2009, 2011, 2012, 2013, 2015 and 2017
surveys to increase altitude precision between transects and survey years. The
first transect within each of three strata (Low, Medium and High) was randomly
placed along a line of latitude or otherwise randomly selected, with each

sequential line being evenly spaced.
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During the 1978, 1997, 2003, 2005, 2007, and 2009 population estimates the
survey crew included a pilot (front left seat), a data recorder/navigator (front right
seat), a left rear seat observer and a right rear seat observer. The pilot
monitored air speed and altitude while following transects pre-drawn on
1:250,000 topographic maps (November 1978) or shooting waypoints on a
Trimble GPS (June 1995, 1997). During the 2003, 2005, 2007, 2009, 2011,
2012, 2013, 2015 and 2017 surveys, transects were navigated using cloned pre-
programmed routes on two Garmin C-176 (203 through 2013) and Montana 650T
(2015 and 2017) geographic positioning system (GPS) units set to WGS 1984
datum and true north. The data recorder/navigator was responsible for assisting
in the navigation of transects (1978 and 1997), and monitoring a second
identically programmed GPS unit for the purposes of double-checking the
position, altitude, distance from transect, and ground speed (2003, 2005, 2007,
2009, 2011, 2012, 2013, 2015, and 2017). Geographic coordinates (waypoints)
and numbers of adult and calf caribou were either recorded on compact tape
recorders with associated positions marked on a map (1997), or recorded on
both maps and data sheets (1978), or recorded on data sheets (2003, 2005,
2007, 2009, 2011, 2012, 2013, 2015, and 2017). The responsibilities of the left
side and right side observers was to monitor their 400 meter strips and call out
numbers of caribou separated by adults and calves, both on and off transect as
indicated by wing strut markers. The 2003, 2007, 2009 and 2017 air crews
remained the same throughout the survey, while during the 2005, 2011 and 2015
surveys, one observer was changed part way through the survey. Information on
the 1978, and 1997 surveys concerning consistency in air crews is lacking. All
observational data including position were archived in a digital database and are

included in Appendix 1.

Survey data from all surveys were initially analyzed using Jolly’s Method 2 for
unequal sample sizes (Jolly 1969 In Norton-Griffiths 1978). Only counts of adults
and yearlings were used for the final population estimates as calves are not

considered fully recruited into the population until they have survived their first
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winter. Lake areas were not subtracted from the total area calculations used in

density calculations.

3.3.4 Dependent Double Observer Pair Method:
The June 2011, May 2013, 2015, and 2017 surveys were marked by a change in
visual survey method. An additional 2 observers and one data recorder were
added to the survey crew increasing the crew to 7 individuals including the pilot.
The method has been adopted to all Kivallig regional ungulate surveys. Pilot
studies conducted on Muskox abundance in 2010 and barren-ground caribou
abundance in 2011, confirmed fewer animals were being missed while using this
new configuration. Additionally more HTO representatives could be involved in
the survey while maintaining two experienced observers covering each side of
the survey aircraft. The new method is termed a dependent double observer pair
visual method, and is set up with two left side observers and two right side

observers with a data recorder for each.

The dependent double-observer pair method involves one “primary” (front)
observer who sits in the front seat of the plane and a “secondary observer” (rear)
observer who sits behind the primary observer on the same side of the plane
(Figure 9). One data recorder sitting to the right of the pilot was assigned the
right primary and secondary observers while the second data recorder, sitting on
the rear left side was assigned the left primary and secondary observers. The
method adhered to five basic steps; 1 - The primary observer called out all
groups of caribou (number of caribou and location) he/she saw within the 400
meter wide strip transect before they passed halfway between the primary and
secondary observer (approximately at the wing strut). This counting included
caribou groups that were between approximately 12 and 3 o’clock for right side
observers and 9 and 12 o’clock for left side observers. The main requirement
was that the primary observer be given time to call out all caribou seen before the
secondary observer called them out; 2 - The secondary observer called out

whether he/she saw the caribou that the first observer saw and observations of
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any additional caribou groups. Both the primary and secondary observers waited
to call out caribou until the group observed passed half way between observers
(between 3 and 6 o’clock for right side observers and 6 and 9 o’clock for left side
observer); 3 - The observers discussed any differences in group counts to ensure
that they are calling out the same groups or different groups and to ensure
accurate counts of larger groups; 4 - The data recorder categorized and recorded
counts of caribou groups into “primary only”, “secondary only”, and “both”,
entered as separate records; 5 - The observers switched places approximately
half way through each survey day (i.e. during re-fueling) to monitor observer

ability. The recorder noted the names of the primary and secondary observers.

The sample unit for the survey was “groups of caribou” not individual caribou.
This created problems for the data recorder trying to determine when a group of
caribou differed from individual caribou that were separated by short distances.
To resolve this issue, recorders and observers were instructed to consider
individuals to be those caribou that were observed independent of other
individual caribou and/or groups of caribou through an estimated separation of

100 meters.
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Counting Strip (Wheel to Streamers on Wing 5trut)

Primary Counts

@ rrimary Observer +— Secondary Counts

) Secondary Observer

@ Data Recorder

Figure 9. Observer position for the dependent double observer pair method
employed on the 2011, 2013, 2015, and 2017 Southampton Island
caribou abundance surveys. The secondary observer calls caribou
not seen by the primary observer after the caribou have passed
through the main field of vision of the primary observer. The small
hand on a clock is used to reference relative locations of caribou
groups (e.g. “Caribou group at 3 o’clock” would suggest a caribou
group 90° to the right of the aircrafts longitudinal axis.).
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3.3 Distribution:

Distribution maps were developed to graphically summarize survey data for
survey observations up to and including June 2007. The distribution maps were
generated through an interpolation which provided an estimate of the number of
animals present at un-sampled locations based on the known values gathered at
surrounding locations. This type of analysis generates a surface consisting of
cells, each with an attribute (in this case, population density), used to interpret
the spatial distribution of geographic points and then convert them into a
continuous distribution reflecting estimates of point densities. In this study an
Inverse Distance Weighted (IDW) interpolation techniqgue was used within
ArcMap’s Spatial Analyst extension. IDW is an effective means of interpolating
scattered data points. It assumes that the resulting interpolated surface should
be influenced most by the nearby points and less by more distant points. It
estimates values by calculating a weighted average. The farther a sampled point
is from the cell being evaluated, the less weight it has in the calculation of the
cell’'s value (Watson and Phillip, 1985).

To account for null data, all survey observations were first buffered to ten
kilometers. To account for nil records those portions of the transect not covered
by the observation buffers were then divided into 5 kilometer segments with the
first starting 5 km from the edge of the nearest buffered observation or transect
starting point. At each division between 5-km segments, a point with an
observed value of zero was inserted. The analysis was then run using the survey
observation values as well as the newly populated zero values. The analysis
requires that a series of parameters be defined. The parameters, along with a

description and the settings used are summarized in Table 1.

The resulting surfaces were themed by the population density attribute and

overlaid on a base map of Southampton and White Islands to develop the
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figures. Density class or “bins” are developed to reveal the most visual
information and highlight and estimate distributional changes between surveys.
As area estimates of relative densities on Southampton Island are mostly
aggregated in the 0 to 5 caribou/km? class, the bins were developed to
accentuate these lower relative densities.
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Table 1. Inverse distance weighting (IDW) analysis parameters employed in the

analysis of Southampton Island caribou densities from 1978 through 2007.
Parameter Description Settings
7 Value Eield The Z value is the attribute being used to The population attribute stored in

derive the interpolated surface. the field Number.
The higher the Power value, the greater
the influence of values closest to the
Power A value of 2 was selected.

interpolated point. The most common
value for the Power parameter is 2.

Search radius
type

The search radius can be either variable or
a fixed distance.

As the sample points were not
evenly distributed, a variable
search radius was used that

assessed the data points nearest
to the particular cell of interest.

Search radius
setting

The search radius setting specifies either
the maximum distance of a fixed radius
search or the number of points for a
variable type.

The number of points considered
in each of the analyses was 12.

Output cell size

The resolution (or cell size) of the grid (the
surface) resulting from the analysis.

An out cell size of 100 m2 was
specified resulting in a population
density of animals per hectare.
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3.4 Statistical Analysis of Abundance and Trend:

3.4.1 Strip transect surveys (1997-2017):

The standard Jolly estimator (Jolly 1969, Krebs 1998) was applied to the strip transect
data for all years with an assumed strip with of 800 meters for all years except 2015
where the strip width was 918 meters. Strip transect data for 2017 was created using the
first 2 bins of the distance sampling data which amounted to an 800 meter strip. Strata
were estimated separately and then combined for a total estimate for the Island. Coats
Island was also surveyed in 2013, 2015, and 2017 and was excluded from the South
Hampton Island estimate. Log-normal confidence limits were generated on the estimates
(Thompson 1992).

3.4.2 Double observer/strip transect analyses (2011, 2013, 2015, and 2017):
Given that this method assume equal sightability between observers it is essential that
the observers switch seats over the course of the survey (Cook and Jacobsen 1979).
Estimates of herd size and associated variance were measured using the mark-recapture
distance sampling (MRDS) package (Laake et al. 2012) in the program R (R
Development Core Team 2009). In MRDS, a full independence removal estimator which
models sightability using only dependent double observer pair information (Laake et al.
2008a, Laake et al. 2008b) was used making it possible to derive dependent double
observer pair strip transect estimates. Strata-specific variance estimates were calculated
using the formulas of Innes et al. (2002). Data were explored graphically using the
ggplot2 (Wickham 2009) package in R.

3.4.3 Modelling of sighting probability variation:
One assumption of the dependent double observer pair method is that each caribou
group observed had an equal probability of being sighted. To account for differences in
sightability we also considered the following sightability covariates in the MRDS analysis
(Table 2). Each observer pair was assigned a binary individual covariate and models

were introduced that tested whether each pair had a unique sighting probability. Previous
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analyses (Campbell et al. 2012; Boulanger et al. 2014) suggested that the size of the
group of caribou had strong influence on sighting probabilities and therefore we
considered linear and log-linear relationships between group size and sightability (Table
2). Cloud and snow cover were recorded by data recorders as they changed and were
included in the analysis as ordinal rankings. We suspected that sightability was most
likely lowest in mixed snow cover conditions and therefore we considered both categorical
and linear models to describe variation in sightability caused by snow cover. Cloud cover
could also influence sightability by causing glare, flat light, or variable lighting. We used

the same basic strategy to model cloud cover variation as we did for snow cover variation.

The fit of models was evaluated using the Akaike Information Criterion corrected for small
sample size (AICc). The model with the lowest AIC: score was considered the most
parsimonious, thus minimizing estimate bias and optimizing precision (Burnham and
Anderson 1998). The difference in AIC. values between the most supported model and
other models (AAIC.:) was also used to evaluate the fit of models when their AlICc scores
were close. In general, any models with a AAIC. score of less than 2 between them were

considered to have equivalent statistical support.

3.4.4 Distance sampling analyses (2017):
For the 2017 survey, distances of caribou groups from the survey planes were binned into
intervals (0-200m, 201-400m, 401-600m, 601-1000m, and 1001m-1500m), based upon
markers on wing struts of the survey plane, as was done in the 2014 Baffin Island caribou
survey (Campbell et al. 2015). In addition, the dependent double observer pair also
assessed sightability of caribou in the 0-200 meter strip closest to the aircraft.

A combined distance sampling and mark-recapture approach was used to estimate
abundance for the 2017 data set. The basic approach involved using mark-recapture
analytical methods to estimate the probability of detection of caribou at O distance from
the survey plane and distance sampling methods to estimate the decrease in probability

of detection at greater distances from the plane. This approach ensured a more robust
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estimate than using distance sampling methods alone which assume that the probability
of detection of caribou groups at 0 distance from the plane is 1 (Borchers et al. 1998,
Buckland et al. 2004, Laake et al. 2008a, Laake et al. 2008b, Buckland et al. 2010, Laake
et al. 2012).

As with the dependent double observer pair analysis, the MRDS R package (Laake et al.
2012) was used to build mark-recapture and distance sampling models. The general
approach used was to build distance sampling models with the mark-recapture model
parameters held constant. Once a parsimonious distance sampling model was identified,
the mark-recapture model was built to further assess sightability of caribou in immediate
proximity to the aircraft. The same general set of covariates used in the dependent
double observer pair analysis (Table 2) were used for both the dependent double
observer pair and distance sampling models. As with the dependent double observer pair
analysis, AIC methods were used to assess model fit. Overall model fit was also
assessed using goodness of fit tests as well as graphical comparison of detection

functions with histograms of frequencies of observations from the survey.

3.4.5 Trend analyses:

We used log-linear models to analyze trends for the increase and decrease phase of the
caribou abundance dataset (McCullough and Nelder 1989, Thompson et al. 1998,
Williams et al. 2002). Our models assumed an underlying quasi-Poisson distribution of
estimates with population change occurring on the exponential scale. Abundance survey
estimates were weighted by the inverse of their variance therefore giving more weight to
the more precise estimates. A log-link was used for the analysis allowing direct estimates
of yearly rate of change as one of the regression B terms. Additive terms were used to
estimate phase-specific trends and the effect of a possible immigration event, likely
occurring between May 2013 and May 2017, on SHI herd trend.
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Table 2. Covariates used to model variation in sightability of caribou for the dependent
double observer pair analysis conducted on the 2017 abundance survey of the
Southampton Island caribou herd.

Covariate Acronym Description
Observer pair observers each unique observer pair
Group size size size of caribou group observed
Log(size) Natural log of group size

Snow cover show snow cover (0,25,75,100)
snowc continuous

Cloud cover cloud cloud cover (0,25,75,100)
cloudc continuous
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3.5 Condition and Disease Sampling:

The health and condition of SHI caribou condition was monitored through the collection of
harvest samples, beginning in 1995 (Campbell, 2015). Variables measured included a
ratio of bare kidney to kidney fat index, the recording and sampling of any apparent
disease and/or diseased tissue, the recording and sampling of parasitic infections, the
measurement of back fat, bone marrow condition (in some years), pregnancy rates, fetal
sex (in some years), and age through the analysis of cementum-annuli from the sampling
of 1-1 (the first incisor) from the lower jaw. In the case of the GN health studies, all
anatomical components of an individual caribou being sampled and/or measured were
recorded along with a common tag number and the associated harvest year. This
common tag number allowed for the pooling of analysis results to provide a
comprehensive description of the health, age and sex of the individual being sampled.
From 1995 through 1999, approximately 400 animals per year were sampled in this way.
Sampling across February and March 2000 through 2009 was reduced to approximately
200 to 300 animals (excluding 2001, 2002 and 2003). Prior to 2009, all sampling was
carried out in conjunction with the commercial harvest, which ran from mid-February
through to early April in most years. Following the cessation of the commercial harvest in
2009, harvest numbers in 2010 and 2011 were reduced to 100 animals. Following the
2011 survey results and subsequent application of a total allowable harvest (TAH) in
2012, the community of Coral Harbour requested that the 100 animals harvested for body
condition be suspended so that all TAH allocations could be provided to the community.
The suspension of the condition sampling harvest has remained in effect to-date.

The kidneys sampled for the kidney fat index (either left or right) were selected based on
the amount of fat surrounding the kidney. In all cases the fatter of the two was chosen.
The thickness of back fat was measured along a line 5 to 10 centimeters from the base of
the tail, perpendicular to the spine. Measurements were taken from the thickest fat

deposits on the rump (one to two inches to the left and right of the base of the tail) on
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mainly the left side but also on the right side when left-side fat was obviously removed

during the skinning process.

As a standard protocol, the Canadian Food Inspection Agency (CFIA) randomly collected
between 300 and 400 blood samples from commercially harvested animals from 1993
through 2007. From 2007 to 2011, blood samples were collected by GN biologists from
animals collected for health and condition harvests, from remaining ventricular and/or
arterial blood. Sampled blood was drained into red topped vacutainers, left to stand
approximately two hours at between five and ten degrees Celsius, then spun down in a
centrifuge for approximately ten to fifteen minutes to separate the serum from cellular
material. Individual serums were poured off into new sterile red-topped vacutainers,
carefully packed and allowed to freeze at approximately -20° to -30° degrees Celsius.
Frozen blood serums were then transported first to labs in Lethbridge, Alberta for
Brucellosis, and Tuberculosis screening then to the CFIA lab in Ontario for further disease
testing. Adult female reproductive tracts were also collected in 2005 for the purposes of
identifying reproductive stress and/or disease. All sampling pre-2009 was carried out in
conjunction with the commercial harvest which ran from mid-February to early April. The

GN did not have access to all CFIA test results.

3.6 Genetic Analysis — Movement:

Over the winter of 2014, Coral Harbour hunters reported caribou tracks crossing the ice
from the mainland across to the northwestern extents of SHI. Though no estimates of the
total number of caribou involved in this crossing were communicated beyond “hundreds”,
local hunters had observed more calves in June 2014 and increased densities of caribou
in the following harvesting year, compared to preceding hunting seasons. Results from
the May 2015 abundance survey estimated a significant increase in SHI caribou
abundance of both adults and calves, compared with 2013 results. This population

increase was theorized by both the community of Coral Harbour and Wildlife officials’ to
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be related to the immigration of mainland caribou onto SHI. We set out to further

investigate this hypothesis using population genetics.

We engaged Wildlife Genetics International (WGI) to pursue this question using the
clustering programs Structure and Genetix, which produce accessible visual summaries
of the results (Paetkau, 2015). Caribou tissue collected on SHI in 2004, and 2014, as
well as tissue samples collected from hunters in the Naujaat (Repulse Bay) area, were
compared for assessments of ancestry. Additionally, WGI used archived samples from
the Qamanirjuaq caribou herd for added comparative analysis with the SHI herd. WGI
used GeneClass2 to assess ancestry hypotheses, explicitly. Initial explorations included
data from South Baffin Island, Melville Peninsula, and Ahiak/Beverly, but these
explorations did not identify any associations of relevance to SHI.

Genotyping was performed by Wildlife Genetics International (WGI) using a standard set
of 18 highly variable microsatellites that they had consistently employed for other caribou
genetic analyses in Nunavut, Northwest Territories, British Columbia, and Alberta. The
analysis proceeded in two rounds of 9 markers (including gender markers), as all 18
markers cannot be loaded into a single sequencer lane. After completing a first pass with
all 18 markers, WGI did a round of reanalysis (‘cleanup’) of individual data points that
were scored with low confidence (1) during the first pass (Paetkau, 2015). This
reanalysis used 5 pL of DNA per reaction, up from the 3 pL used for first pass. In some
cases multiple attempts were made to confirm problematic data points. At the end of the
cleanup phase, 6 samples from SHI still had low-confidence scores in their genotypes
(Paetkau, 2015). In total, WGI was able to successfully genotype complete 18-locus
genotypes for 37 samples from Naujaat, and 131 from SHI. With genotyping completed,
WGI defined an individual for each unique multilocus genotype, taking identifiers from the
first sample to be assigned to each individual, of which 37 samples from Naujaat were
assigned to 34 individuals (10M:24F), and the 131 samples from SHI in 2014 were
assigned to 127 individuals (76M:51F). None of these animals had previous detections in

the greater Nunavut dataset including samples from the 2004 harvesting season.
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Paetkau (2015) then used resampling in the software GeneClass2 to generate 10,000
simulated mainland and island genotypes, and plotted the distribution of the
island/mainland likelihood ratio to produce critical values for statistical testing (Paetkau et
al. 2004 Mol. Ecol.). By way of example, 99% of simulated island genotypes had a log

likelihood ratio in excess of 9.
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4.0 Results and Discussion:

4.1 Population Distribution:

In discussing changes in distribution of caribou on Southampton Island, it is
important to note that although an island population, some exchange with the
mainland likely occurred on a very small scale during winters when an ice bridge
had formed across Roes Welcome Sound (Local Knowledge). According to
island residents, during most winters, Roes Welcome sound does not freeze over
completely creating an effective barrier to caribou movement. If such a change
was to occur however, this exchange would most likely have been with the
Wager Bay population of caribou occupying the Lyon Inlet area due to its closer
proximity to SHI. Though tracks have been observed of caribou on the ice of
Roes Welcome Sound in late winter (going both east to the island and west from

the island) there has been no documented evidence of a successful crossing.

Between 1968 and 1978, the first ten years of caribou occupancy on SHI
following re-introduction, monitoring was mainly conducted using ground
observations. During this period observations of caribou taken during patrols
whether by ground or by air suggested caribou had spread considerably across
the Island (Figure 10). Kraft's aerial survey in November 1978 was the first to
estimate the population since its re-introduction. Both transects and points of
observation were digitized off report figures and used with IDW to produce an
estimate of abundance of the newly introduced Southampton Island Caribou herd
(Figure 11). At this time, caribou were largely aggregated in the shoulder area
east and northeast of Coral Harbour, the south shore of Bell Peninsula, and
along the coast just south of the town of Coral Harbour. No animals were
observed by either hunters nor during aerial reconnaissance conducted in

previous years, anywhere further north nor west of the areas indicated.
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After the examination of all available observational data up to 1987, Heard and
Gray (1987) concluded that there always appeared to be caribou in the core
areas of Bell Peninsula and the Kirchoffer River uplands, northeast of Coral
Harbour (Heard and Grey, 1987). These observations made during their 1987
aerial population estimate showed an expansion of the herds distribution further
north and west, and throughout the coastal strip encompassing Bell Peninsula.
Unfortunately, point data are not available from this survey. Caribou distribution
estimated on SHI in June 1991 was similar to that recorded in 1987. Oullett
(1992) suggested that caribou range did not appear to expand between 1987 and
1991 even though their numbers increased substantially. Oullett (1992) found
that to accommodate growth, densities simply increased within the existing
range. Once again, point data is not available for either of Oullett’s 1990 or 1991

surveys.

All surveys conducted from 1997 to present have point data, from which to base
the analysis. The 1997 results also showed little in the way of distributional
change since Oullett’s observations in 1992, although densities had continued to

increase significantly (Table 3 & 4) (Figure 12).

An examination of distributional change following introduction was made using
IDW with ground and aerial survey point data (Figures 12, 13, 14, and 15).
These analyses suggests that caribou distribution increased across the Island
from the point of introduction, up to the 1987 survey year, at which time the now
rapidly increasing population stopped expanding its range, suggesting that the
herd had reached full occupancy of usable caribou habitat on the island. Caribou
had occupied the southern portions of the island including Bell Peninsula and
inland toward the central portions of the island along the Kirchoffer River
watershed by as early as 1983. As observed by Oullett (1992) densities
increased over the same geographic areas from 1987 up until a period between
1998 and 2002, at which time densities over the same areas decreased

significantly. The most dramatic decrease in densities was in Bell Peninsula
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between the 2005 and 2007 surveys (Figure 14 and 15). Caribou had all but
abandoned the area, likely as a result of overgrazing from years of higher relative
densities. Today the central portion of the island remains the most highly used
habitat by SHI caribou. Ecologically, this area is where the western flats meets
the eastern highland, creating an ecotone between the Wager Bay Plateau and

Southampton Island Plain Ecoregions.

Observed distributions from the 2003 survey indicated little change from
distributions observed during previous surveys though localized densities had
decreased. The first distributional change was recorded in June 2005, at which
time, there was a noticeable decrease in the numbers of caribou occupying Bell
Peninsula (Figure 14, and 15). According to survey density estimates, this
declining trend in Bell Peninsula continued through June 2007, and was also

reported by local hunters.
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Table 3. Inverse distance weighting (IDW) values for the entire Southampton
Island study area including White Island and Bell Peninsula showing
changes in adult caribou density through time. Results from June
2005 were removed as White Island was not surveyed in that year.

o 1978 1997 2003 2007 % Change

Q

s

< iy i by o | 1978 | 1997 | 2003 | 1997
= km2 | © km2 | o km2 | o km2 o to to to to
2 S S 3 S | 1997 | 2008 | 2007 | 2007
0-1 43,471 | 98.5% | 31,591 | 71.6% | 32,674 | 74.0% | 36,514 | 82.7% | -26.9% 2.4% 8.7% 15.6%
1-2 345 0.8% 4,535 10.3% 4,741 10.7% 3,862 8.8% 9.5% 0.4% -1.9% -1.5%
2-5 230 0.5% 4,836 11.0% 5,190 11.8% 3,248 7.4% 10.5% 0.8% -4.4% -3.6%
5-8 58 0.1% 1,680 3.8% 1,202 2.7% 434 1.0% 3.7% -1.1% -1.7% -2.8%
>8 22 0.0% 1,484 3.4% 319 0.7% 68 0.2% 3.4% -2.7% -0.5% -3.2%
Total | 44,126 | 100.0% | 44,126 | 100.0% | 44,126 | 100.0% | 44,126 | 100.0%

Table 4. Inverse distance weighting (IDW) values for the entire Southampton
Island study area including White Island and Bell Peninsula showing
changes in the density of observed calves through time.

o 2003 2005 2007 % Change

Q

=

< o by o | 2003 | 2005 | 2003
) km? § km? § km? § to

o =] =] =] 2005 | 2007 | 2007
0-1 43,276 98.1% 44,062 99.9% 44,042 99.8% 1.8% -0.1% 1.7%
1-3 801 1.8% 60 0.1% 82 0.2% -1.7% 0.1% -1.6%
>3 49 0.1% 4 0.0% 2 0.0% -0.1% 0.0% -0.1%
Total 44,126 | 100.0% § 44,126 | 100.0% | 44,126 | 100.0%
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tarandus) on Southampton Island.
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Figure 13. Results of the inverse distance weighted (IDW) interpolation
technique applied to June 2003 abundance survey observations

showing relative density of barren-ground caribou (Rangifer
tarandus) on Southampton Island.
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Figure 14. Results of the inverse distance weighted (IDW) interpolation
technique applied to June 2005 abundance survey observations
showing relative density of barren-ground caribou (Rangifer
tarandus) on Southampton Island.
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Figure 15.

Results of the inverse distance weighted (IDW) interpolation
technique applied to June 2007 abundance survey observations
showing relative density of barren-ground caribou (Rangifer
tarandus) on Southampton Island.
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4.2 Strip Transect Surveys:

Overall, population abundance estimates from 1997 to 2017 were reasonably
precise, with Coefficients of Variation (CVs) of less than 10% in all years (Table
5, Figure 16). Figure 16 displays the estimates from Table 5 and strata-specific
estimates are shown in Figure 17. A tabular listing of estimates is provided in
excel worksheets with this report. Coats Island is included in Figure 17,
however, it was not included in overall Southampton Island estimates.
Population declines occurred in all strata from 1997 to 2013, and again from
2015 to 2017. The use of different scales on the graph in Figure 17 aids in
interpretation of stratum-specific trends but it is also misleading in terms of the
relative abundance of caribou in each strata. For this reason, the same
estimates of caribou numbers are plotted on the same scale (Figure 18), clearly
indicating that the majority of caribou on SHI occurred on the High Eastern SHI

strata, in all years.
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Table 5. Strip transect estimates of caribou on Southampton Island, showing
the number of strata sampled each year, the number of caribou
counted on transect, and population estimates with descriptive
statistics (SE = standard error, CV = coefficient of variation) are given
for each year of surveys from 1997 through 2017.

Year Strata Caribou Strip transect estimates

sampled Counted N SE Confidence Limits cv
1997 7 5777 29,425 1622.5 26,375 32,827 5.5%
2003 7 3833 18,479 1099.8 16,420 20,797 6.0%
2005 6 4079 21,227 1701.8 18,098 24,896 8.0%
2007 7 2689 14,389 914.6 12,684 16,325 6.4%
2009 6 2521 13,651 833.1 12,091 15,412 6.1%
2011 7 1667 7,937 580.4 6,861 9,182 7.3%
2013 7 1597 7,284 525.3 6,307 8,413 7.2%
2015 7 3068 12,319 931.6 10,591 14,328 7.6%
2017 7 1685 8,436 680.8 7,184 9,906 8.1%
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Figure 16. Population abundance estimates of the Southampton Island caribou
herd using a strip transect estimator, according to strata listed in
Table 5.
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Figure 17. Strata-specific estimates of strata sampled using a strip transect estimator.
Note that the y-scales are different for each graph.
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4.2.1 Dependent double observer analyses (2011-2015):
Dependent double observer pair data were collected using fixed-wing aerial
surveys in 2011, 2013, 2015, and 2017. In 2017, we used binned distance
markers on wing struts to allow for distance sampling methods, as described in
the methods section of this report. Survey conditions, group sizes, and observer
efficiency varied between each survey year. These data were explored
graphically to help assess dominant forms of variation prior to identifying a
statistical model for population estimates derived from the dependant double
observer pair method. The distribution of group sizes was relatively similar

during each survey year with larger groups observed in 2015 (Figure 19).

In general, smaller group sizes were more likely to be seen only by a single
observer. Observers were placed into 12 pair combinations, of which 5 pairs
switched between primary and secondary roles, and 7 did not. The assumption
of the dependent double observer method is that the two observers have similar
sighting probabilities and therefore, estimates may be biased when observers do
not switch places during the survey. The sighting probability of pairs varied
between observers for some pairs (i.e. in particular for pair 7) showing a higher
relative frequency of only one observer seeing a group of caribou (Figure 20). A

detailed listing of observer pairs is given in Appendix 1.

Between 1997 and 2011, all surveys were flown in early June close to or during
the onset of spring melt. From 2013 to present, survey deployment was changed
to early to mid-May (see methods) though no detectable variation in relative
densities and their related strata were found. Regardless, snow cover varied
each survey year with 2011 having a full range of snow cover and other years
showing primarily high snow cover particularly 2013 and on following the change
in survey timing to May. Sighting probabilities were lower in 2011 as shown by
higher frequencies of single observer sightings (Figure 21). Cloud cover also
varied for each year (Figure 22), with no discernable patterns.
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Dependent double observer pair model selection, performed by sequentially
calculating differences in Akaike’s information criterion (AICc), suggested that
sighting probabilities varied according to a combination of observer, year, size of
caribou groups observed, and cloud and snow cover categorized in 25% intervals
(Table 6). A total of three models were supported by differences in AlCc values
of less than 2. However, the difference (>1.51) suggested the most support for
model 1, which also had the least number of parameters of the three models and
would therefore produce the most precise estimates. Therefore, model 1 was
used to infer covariates and population estimates. The support for year as a
sightability term suggested that there were year-specific factors affecting
sightability that were not accounted for by other covariates. Observer pairs in the
analyses were reduced to the main pairs that exhibited lower sighting
probabilities, given that a model with all observer pairs parameterized did not
converge. Using this strategy, the main observer pairs that displayed lower or
higher probabilities were accounted for with other observer pairs set to a mean
value. The predictions of the most supported model (model 1 in Table 6) are
shown graphically, demonstrating that sightability was lower in 2011 for both
observer pairings and as a function of cloud and snow cover (Figure 23 and 24).
Estimates from dependent double observer methods are compared to those from

strip transects in a later section of the report.
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Figure 19. Group sizes of caribou observed each year for surveys conducted in
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Figure 20. Observer pairings with frequencies of sighting by front, rear, and both
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Figure 21. Snow cover during each year of the survey with frequencies of
sightings by front, rear, and both observers.
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Figure 22. Cloud cover during each year of the survey with frequencies of
sightings by front, rear, and both observers.
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Table 6. Dependent double observer model selection results. Sample size
adjusted Akaike Information Criterion (AlCc), the difference in AlCc
between the most supported model. For each model (AAICc), AIC.
weight (wi), number of model parameters (K), and deviance is given.

See Table 1 for covariate definitions
No. Model AlICc AAICc. w; K LL
1 observers (reduced) +Year + size + cloud+snow 1424.16  0.00 053 14 -698.0
2 observers (reduced) +Year + size + cloud+snowc*size 142566  1.51 025 15 -697.7
3 observers (reduced) +Year + size + cloud+Year*size 142591 175 022 16 -696.8
4 Year +size + cloud +snow 145659 3244 000 10 -718.2
5 observers (all) 1463.83  39.67 0.00 11 -7209
6 size + snow + cloud 1487.26  63.10 000 8 -735.6
7 Year 149391  69.75 000 3 -743.9
8 snow + cloud 1517.70  93.55 000 7 -751.8
9 show 153896 11480 0.00 4  -765.5
10 snowc + cloudc + snowc * cloudc 1565.15 140.99 0.00 4 -778.6
11 size 159733 173.17 0.00 2 -796.7
12 Log(size) 1608.79 184.63 0.00 2 -802.4
13 Cloud 162897 204.81 000 4 -810.5
14 constant 2666.43 124227 0.00 1 -1332.2
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4.2.2 Distance sampling/double observer pair sampling in 2017:

During the 2017 survey, frequencies of observations by distance bins revealed
different detection probability curves between observer pairs 1 and 2. Observer
pair 1 had a higher frequency of observations near the aircraft whereas observer
pair 2 had a higher frequency away from the plane. Compared to previous years
of dependent double observer pair sampling, there was a higher frequency of
observations from data recorders in 2017, suggesting a higher level of
observation experience by the data recorders. To utilize these recorder
observations, we categorized them as single observer observations and
assumed that the data recorder had similar sighting probabilities to the other
observers (Figure 25). Snow cover was greater than 50% in the area of most
observations, and the results of the 2017 observations suggested that sightability

was lower when snow cover conditions were below 50% (Figure 26).

Model selection proceeded by building distance sampling models with the mark-
recapture model parameters held constant, and by initially comparing half normal
and hazard rate models. Of these, the hazard rate model was the most
supported, with observer pair and snow (continuous cover) as covariates. Once
this model was selected, dependent double observer pair mark-recapture models
were compared with observer pair and snow, as well as the most supported
covariates. Group size (log transformed) was also supported as a distance
sampling covariate (Model 1, Table 7). Goodness-of-fit for model 1 was marginal
(chi-square=19.8, df=7,p=0.006), however most of the lack of fit came from the
600-1,000 meter distance bin which would have less influence on estimates
given low observation frequency rates in this bin (Figure 27). An additional
analysis was conducted, which used the first 2 distance bins of data to fit
dependent double observer pair only models to the data, without the distance
component (Table 8). The same suite of dependent double observer pair models
was applied to the data set as used in previous years analysis and as listed in

Table 7. According to this subsequent analysis, a model with observer, snow
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(continuous) and the log of group size was most supported. Population
abundance estimates from this model were thus compared to the distance

sampling and strip transect estimates.

4.2.3 Comparison of estimates from strip transect, dependent double

observer pair, and distance sampling:
Comparison of strip transect, dependent double observer pair, and distance
sampling estimates suggests reasonable agreement between estimates, with the
confidence intervals from each method all overlapping. Estimates from the
dependent double observer method when compared with the single observer jolly
estimator were 6% higher in 2011, similar in 2013 and 2015, and 4% higher in
2017. In 2017, distance sampling estimates were 9.1% higher than strip transect
estimates and 5% higher than dependent double observer pair estimates
suggesting that distance sampling was better able to accommodate observations
where one observer may be over sampling further distance bins (Table 9, Figure
28).
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Figure 26. Frequencies of observations by distance bin for 2 levels of snow
cover.
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Table 7. Dependent double observer model selection results. Sample size
adjusted Akaike Information Criterion (AlCc), the difference in AlCc
between the most supported model for each model (AAICc), AICc
weight (wi), number of model parameters (K) and deviance is given.

See Table 1 for covariate definitions.

Distance sampling 2x observer Model fit
No. DF Distance covariates covariates AlC. AAIC: Wi K LL

Distance /Double

observer models
1 HR obs+snowc+log(size) obs+snowc 4000.0 0.00 0.95 8 -1992
2 HR obs+snowc+log(size) obs+snow 4006.6 6.59 0.04 10 -1993
3 HR obss+snowc+size obs+snow 4009.3 9.24 0.01 10 -1994
4 HR obs+snowc obs+snow 4010.8 10.75 0.00 9 -1996
5 HR obs+log(size) obs+snowc 4012.7 12.66 0.00 7 -1999
6 HN obss+snowc+logsize obs+snow 4019.2 19.16 0.00 9 -2000
7 HN obs+snowc obs+snow 4019.8 19.71 0.00 8 -2001
8 HR obss+snowc obs 4020.1 20.04 0.00 6 -2004
9 HR obss+snowc size 4028.0 27.94 0.00 6 -2008

Distance sampling

models

10 HR obss+snowc constant 4031.2 31.14 0.00 5 -2010
11 HN obss+snowc constant 4040.2 40.11 0.00 4 -2016
12 HN obs+snowc+size constant 4040.2 40.15 0.00 5 -2015
13 HR obs constant 4041.7 41.66 0.00 4 -2016
14 HN snowc constant 4045.3 45.28 0.00 3 -2019
15 HR size constant 4047.0 46.96 0.00 4 -2019
16 HR constant constant 4047.3 47.27 0.00 3 -2020
17 HN obs constant 4061.1 61.09 0.00 3 -2027
18 HN constant constant 4067.3 67.22 0.00 2 -2031
19 HN size constant 4067.9 67.89 0.00 3 -2031
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double observer model (Model 1, Table 7).
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Table 8. Dependent double observer model selection results. Sample size
adjusted Akaike Information Criterion (AlCc), the difference in AlCc
between the most supported models for each model (AAIC:), AlCc
weight (wi), number of model parameters (K), and deviance is given.
See Table 1 for covariate definitions

No Model AIC, AAIC, Wi K LL
1 obs+snowc+log(size) 1,193.0 0.00 0.40 4 -592.5
2 obs+snowc+size 1,193.1 0.07 0.38 4 -592.5
3 obs+snowc 1,194.7 1.70 0.17 3 -594.3
4 obs+snow_factor 1,197.8 4,75 0.04 5 -593.8
5 obs+snow_factor+cloud_factor 1,200.3 7.26 0.01 8 -592.0
6 constant 1,208.7 15.73 0.00 1 -603.4

Table 9. Comparison of estimates of Southampton Island caribou using strip
transect, double observer, and distance sampling/double observer

(2017 only)
Year Method Caribou N SE Confidence Limit cv
counted

2011 Strip transect 1667 7,937 580.4 6,861 9,182 7.3%
2011 2x Observer strip transect 1667 8,442 691.9 7,171 9,937 8.2%
2013 Strip transect 1597 7,284 525.3 6,307 8,413 7.2%
2013 2x Observer strip transect 1597 7,287 557.2 6,255 8,490 7.6%
2015 Strip transect 3068 12,319 931.6 10,591 14,328 7.6%
2015 2x Observer strip transect 3068 12,368 1002.6 10,518 14,542 8.1%
2017 Strip transect 1685 8,436 680.8 7,184 9,906 8.1%
2017 Distance 2x observer 1653 9,200 796.4 7,755 10,915 8.7%
2017 2x Observer strip transect 1665 8,752 759.5 7,365 10,399 8.7%
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4.3 Trend estimates:

Our trend analyses covers two separate phases of Southampton Island caribou
abundance: prior to 1997 when herd abundance was increasing, and from 1997
to 2017 when the herd was declining. Prior to 1997, and since their
reintroduction, the abundance of the SHI caribou herd was increasing. Despite a
statistically significant increase between the May 2013 and May 2015 survey
estimates, the SHI herd has exhibited an overall decline since 1997.

4.3.1 Trend from 1997 to 2017 (the decline phase):
Data from 1997 to 2017 included strip transect, dependent double observer pair,
and distance sampling surveys. The use of different methods had minimal effects
on the overall abundance trends identified. However, the best estimates for
2011, 2013, and 2015, based on model fit and lowest CV’s, were dependent
double observer pair estimates which accounted for sightability, especially in
2011. For 2017, the distance sampling estimate was least biased because of
observer error. For this reason we used strip transect data for estimates from
surveys up to 2009, followed by dependent double observer pair estimates for

2011 to 2015, and distance sampling estimates for 2017.

T-tests were used to compare the significance of the difference between
sequential estimates (Table 10). Of the 8 survey estimate comparisons the 1997
to 2003, 2005 to 2007, 2009 to 2011, 2013 to 2015, and the 2015 to 2017
periods showed statistically significant change. Of these comparisons, only the
2013 to 2015 estimates showed a statistically significant increase in the SHI
caribou population, all others displaying significant declines. Annual change in
population size, based on a year to year comparison of estimates (expressed as
ratios), varied between 0.79 and 1.30. SHI caribou abundance estimates from
1997 to 2017 are shown graphically in Figure 29. To estimate the effect of a

potential immigration event on the overall trend, prior to the 2015 survey, an
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additive term was applied to model use to generate the 2015-2017 survey
estimates. This term basically assumed that the SHI population was increased
by a constant amount during this time due to immigration. These terms were
both found to have a significant effect on the trend in caribou abundance (Table
11). The year term provided an estimate of long term annual rate of change for
the SHI population (0.91 CI=0.89-0.93) which was not, overall, affected by the
immigration event. This translates to a 9% (Cl=7-11%) decline in caribou
abundance each year, from 1997 through 2017. The immigration term estimated
the gross rate of increase (1.76, CI=1.3-2.4) in the SHI population between the
2013-2015 surveys, additive to the year term.

A plot of model predictions reveals good fit of the model to estimates with
predictions intersecting the confidence limits of 7 of the 9 estimates (Figure 30).
Namely, the model suggests that the herd declined at a constant rate from 1997-
2014, followed by an immigration event sometime between May 2013 and May
2015 (Patkeau, 2015), and then continued to decline at a similar rate as it had
previously, from 2015-2017 (Figure 30). Using this model, and assuming a
constant rate of decline (9%) over the period, we estimated that approximately
5,024 caribou would have had to immigrate to SHI between May 2013 and May
2015 to account for the increased number of animals observed in May 2015. If
the immigration event had not occurred, and the population continued to
decrease at the 9% rate, then there would be approximately 4,200 caribou

remaining on the island as opposed to the 9,200 estimated in the 2017 survey.
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Table 10. Estimates used for the 1997 to 2017 trend analysis of Southampton
Island caribou abundance, with the results of t-tests comparing the
estimates of successive surveys. Also shown are estimates of gross
and annual change based on the ratios of successive estimates.

Year method N SE Cv df ttest df p- Gross  Annual
value change change

1997 Strip 29,425 16225 55% 93

2003 Strip 18,479 1099.8 6.0% 90 -558 163 0.000 0.63 0.93
2005 Strip 21,227 17018 80% 76 136 132 0.177 1.15 1.07
2007 Strip 14,389 9146 64% 88 -354 117 0.001 0.68 0.82
2009 Strip 13,651 8331 61% 80 -0.60 168 0.551 0.95 0.97
2011 2x Obs 8442 6919 82% 73 481 151 0.000 0.62 0.79
2013 2x Obs 7,287 5572 76% 59 -130 131 0.196 0.86 0.93
2015 2xObs 12,368 1002.6 81% 59  4.43 92 0.000 1.70 1.30
2017  Distance 9,200 7964 87% 134 -247 133 0.015 0.74 0.86

Table 11. Log-linear model parameter estimates for trend analysis (1997-2017).

Term B SE (B) t p-value Confidence limit
Intercept 36448.28 0.14 77.39 0.0000 27,708.8 47,188.1
Year (A) 0.91 0.01 -8.37 0.0002 0.89 0.93
Immigration 1.76 0.15 3.68 0.0103 1.30 2.38
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4.3.2 Trend from 1978 to 1997(the increase phase):
The historic data set (1978-1991) was added to the analysis to obtain an
estimate of trends in the SHI caribou population during the phase of increase that
occurred from 1978 to 1997. This was accomplished by adding terms to account
for the decrease phase, which allowed us to estimate an annual rate of increase
of 1.19 (CI=1.16-1.22), or, 19% (CI=16-22%), from 1978 to 1997 (Table 12). A

plot model for these predictions is shown in Figure 31.

4.3.3 Sampling effort and error
A comparison of strip transect, dependent double observer pair, and distance
sampling estimates suggest that the assumption of perfect sightability on the 400
meter survey strip was met in 2013 and 2015 with estimates being close for
dependent double observer pair and strip transect estimates (Figure 28). In
2011, variability in observers and snow cover reduced the strip transect
estimates compared to the dependent double observer pair estimates. In this
context, the dependent double observer pair method provided a test of
assumptions of the strip transect method and corrected estimates when the
assumption of perfect sightability was violated. In 2017, distance sampling
estimates were higher than dependent double observer pair and strip transect
estimates. This may have been due to one of the observer pairs not putting
enough survey effort to the distance bins closer to the aircraft (Figure 25), as
indicated by different shapes of the detection histograms for the two observer
pairs. This would have caused a negative bias in both strip transect and
dependent double observer pair estimates and illustrates a potential issue with
distance sampling; observers spending too much time looking out at further bins
which are often easier to view than the closer bins. In the case of conditions of
excellent sightability, this can lead to a significant over estimate. The dependent
double observer pair method partially accounted for this by also estimating the
sighting probabilities of observers near the survey line. The dependent double
observer pair method assumes that the two observers in a pair have equal

sighting probabilities. It is therefore essential that observers switch places half
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way through the day to ensure robust estimates from this method. Of the 14
observer pairings on surveys, 7 switched places which may have affected the
overall quality of the dependent double observer estimates. If observers cannot
switch places then an independent observer method should be considered
especially when caribou density is not high.

4.3.4 Overview of Abundance and Trend Analysis:

Overall, trend analysis suggests that the SHI population has been decreasing at
a rate of 9% per year since the 1997 survey. An immigration event in 2015
increased the population, however, comparison of the 2015 and 2017 survey
estimates suggests the 9% decline continued, even after this immigration event
(Figure 30).
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Table 12. Log-linear model parameter estimates for trend analysis (1978-2017).

term B SE (B) t p-.value Confidence Limit

Intercept 907.80 0.18 38.8 0.0000 633.80 1262.22
Trend (1978-1997) 1.19 0.01 13.1 0.0000 1.16 1.22

Decrease-Intercept 350.46 0.54 10.9 0.0000 121.56 991.77
Immigration (2015) 1.92 0.17 3.8 0.0049 1.38 2.68
Year*Decrease 0.76 0.02 -13.4 0.0000 0.73 0.79
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Figure 31. Predictions of herd size of the Southampton Island from the log-linear
model (Table 12) which assumes a constant decline in population
size after 1997 with an immigration event that occurred before the
2015 survey
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4.4 Effect of Disease on Abundance:

Brucellosis is an infectious disease caused by the Bacteria Brucella. Many
different animal species including humans can become infected. The form of
Brucellosis that occurs in wild caribou is Brucella suis Type IV. In caribou this
bacteria occurs primarily within tissues of the reproductive system but also
commonly occurs within leg joints (Williams et al. 2001; CDC 2016; Corbel,
2006). The bacteria can also be found in the milk, blood, urine and semen of
infected animals (CDC 2016; Corbel, 2006). Animals can get the bacteria by
either oral ingestion, direct contact with the mucus membranes of the eyes, nose,
or mouth, or through breaks in the skin. Brucella can also be transmitted by
contaminated objects (fomites) (Corbel, 2006). Some animals are carriers and
can have the bacteria without showing signs of the illness. Animals in these
cases can shed the bacteria into the environment for long periods, infecting other
animals in the herd. Brucellosis can cause reproductive problems such as
abortions, still birth and infertility. Other signs can include arthritis, swelling of the
joints and testicles, and udder infections (mastitis) (Williams et al. 2001; CDC
2016; Corbel, 2006). Tissues and fluids associated with abortions, drainage of
fluid from swollen joints, vaginal discharge, fetal fluids, and semen can be highly
infective and can spread the bacterium into the immediate environment where
uninfected animals can become infected through the ingestion of infected tissues
and objects such as plants. The potential for environmental concentration of this
disease makes Brucellosis a density-dependent disease. Areas of concentration
such as migratory corridors, rutting areas and, particularly, calving grounds would
represent some of the higher risk areas for the spreading of this disease
(Williams et al. 2001; CDC 2016; Corbel, 2006). Predation and scavenging of
diseased tissue can also contribute to the bacterium’s spread throughout the

environment.

Health monitoring of the SHI barren-ground caribou had its beginnings in 1988
when Heard (departmental correspondence) sampled 20 cows in March to
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determine their reproductive status and general condition. These small condition
studies continued through 1991 (Adamczewski and Heard data) at which time the
condition studies ceased. The analysis of condition was started up again in
February 1996 in association with the initiation of the large scale commercial
harvest in March 1993. Due to the small sample sizes in the early condition data,
for the most part, these were not included in this analysis. The first samples did,
however, give results that were consistent with hunter reports of caribou on SHI
in excellent health and condition at this time. By 1995, the condition and
productivity of the herd had changed little, an assessment that would remain up
until the 2000 harvesting season when CFIA random blood testing identified the
beginning of what would become a rapid induction of the bacterial disease
Brucella suis serovar 4 in the SHI caribou herd (Figure 32). There is no
evidence of this disease within this population prior to the 2000 harvesting

season.

Concurrent with the decline from the 1997 to 2005 survey estimate, there were at
first subtle, then more dramatic shifts in range use by 2005. Range use changed
significantly as densities dropped in most areas, with the exception of the north
central portions of the islands where use remained consistent between years
although densities slowly dropped up to present (Figure 12 and 13). In addition,
the first cases of Brucella suis were reported during the 2000 harvest year (1.7%
of 400 animals tested) and had reached a prevalence of 19.5% in 2003, 28.6% in
2005, 48.8% by 2007, 39.1 % by 2009 and 58.8 % by 2011. Pregnancy rates,
which are affected by Brucellosis, initially dropped from 93.1% in 2001 to 37.9%
in 2005, and then increased to 64.4% in 2007. The hopes that the disease was
declining in the population were dashed when a 2009 screening showed
pregnancy rates dropping further to 44.3%. The last major condition study
conducted in March 2011, prior to the application of a TAH, recorded pregnancy
rates of 37% (Figure 32).
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In 1992 the Canadian Polar Commission released a status report on Brucellosis
in the Circumpolar Arctic (O’Reilly, 1992). In the report, O’'Reilly summarized the
incidence of Brucellosis across the Circumpolar arctic (Table 13). Brucellosis
prevalence within the Southampton Island population reached a high of 58.9% in
2011 which represents the highest prevalence amongst any caribou and/or
reindeer populations’ worldwide (O’Reilly, 1992). Currently levels are unknown
due to a cessation of the annual caribou condition harvest. With the human
health issues associated with Brucellosis through either the consumption or
handling of infective tissues, Coral Harbour residents are concerned over the

future of their caribou herd.

4.41 Brucellosis and heard trend:
Concurrent with the rising prevalence of the reproductive disease Brucella suis
was the reported declines in abundance from 1997 through 2013 (Figure 32). It
appears clear that Brucellosis was a contributing factor to the steady declines
observed in this population of caribou. However, with high commercial harvest
rates of the SHI herd up to 2009, it is likely that both commercial hunting
pressure and disease together, contributed significantly to a declining trend in
caribou abundance. By 2003, three years following the first confirmed cases of
Brucellosis in SHI caribou, pregnancy rates were still over 85% and the
population was still over the hypothesized carrying capacity of the island of an
estimated 15,000 animals (Oulett et al. 1996). With Brucellosis being a density
dependent disease, it was decided by all co-managers that a further reduction in
caribou abundance would be beneficial to the long term viability of the SHI
population. In the meantime, continual monitoring and population assessments
every 2 years would provide an early warning system, should the decline

steepen.
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Brucellosis Incidence & Pregnancy Rates - A History of Disease in Southampton
Island Caribou
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Figure 32. A history of abundance, pregnancy rates and Brucellosis suis prevalence for the Southampton Island caribou
herd originally introduced onto the island from Coats Island in 1968.
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Table 13. Circumpolar Incidence of Brucellosis in barren-ground Caribou and
Reindeer across arctic North America (after O’'Reilly, 1992).

Herd InC|((3|)/§:)nce Date Remarks Source
Southampton Not Present 1990 75 samples (NWT Wildlife notes)
Qamanirjuaq 4% 1966-68 (NWT Wildlife notes, 1983)

Beverly < 2% 1983 118 samples (Goldfarb, 1990)
Bathurst Present 1981-1983 3 samples (NWT Wildlife notes, 1983)
Baffin Island 14-35% Mid-1980s N Baffin highest (O'Reilly, 1992)
Melville/Boothia 20-35% 1980s 17 samples (O'Reilly, 1992; Gunn et al. 1991)
Ahiak ?
Porcupine 15-20% 1980s ? (O'Reilly, 1992)
Central Arctic 15-20% 1980s ? (O'Reilly, 1992)
Western Arctic </= 30% 1960-1980 ? (O'Reilly, 1992; Neiland et al. 1968)
Nechina 1-6.5% 1962-65 ? (Neiland et al. 1968)
George River Not Present 1987-88 ? (Forbes 1991; Greenberg et al. 1958)
QEI Peary Present 1980s 1 sample (P. of W. Island) (Forbes, 1991)
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4.5 Harvest:

Throughout the reintroduction of barren-ground caribou to SHI, wildlife managers
of the time were vigilant in their on-going management of the herd. Management
recommendations were, in all cases, based on research results, and particularly
guantitative population estimates. In February 1978, the first caribou hunt since
the 1968 introduction, was carried out on SHI. The quota was set at 25 bulls and
was based on observations from a reconnaissance survey flown in 1977 that
sighted a total of 172 caribou, 79 of which were adult males, 54 adult females,
and 39 yearlings, suggesting a sex ratio skewed towards males (Kraft, 1978)
(Table 14) (Figure 33). In August 1979, the TAH (quota) for bulls was increased
to 50 largely based largely on the findings of the November 1978 population
survey. Early in 1983 the first cow harvest was approved with a TAH set at 20.
Regulations were developed along with this new TAH stipulating that 10 cows be
harvested in the spring and the remaining 10 in the fall. The TAH was then
raised from 50 to 250 bulls, and from 20 to 50 cows, based on recommendations

generated following the 1987 population estimate (Heard and Grey, 1987).

During the 1988 harvesting year, concerns regarding the accidental harvesting of
females seem to have led to the removal of the female quota and an increase in
the male quota to 300 animals sometime in 1988. At this time, it was clearly
indicated in the regulations that; “hunting zone J/2 (Southampton Island) was
restricted to 300 male caribou.” In 1989 recommendations to increase the TAH
to 400 caribou, of which 100 could be female were made. These
recommendations were supported by Doug Heard who indicated the proposed
increases were based on sound ecological principles (Renewable Resources
Official Correspondence 140 007 005 & 150 001 005, October, 1989). Seasons
for this new quota were recommended to be from October 15 to October 315t for
males and April 15t to May 315t for females. By 1993, and in response to rapid
population growth reported by Oullett in 1991, the TAH was removed (Oullett,
1992) (Table 15).
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From 1993 up until the 2012 harvesting season subsistence harvest was not
accurately monitored. In Nunavut monitoring of caribou harvest in the absence
of a TAH is not mandatory. Although the 1991 NWMB Harvest Study attempted
to assess wildlife harvest through hunter interviews, it is generally agreed that the
final estimates are best guesses and may be misleading in some cases. For
SHI, however, accurate records of harvest numbers and sex ratios (for most
harvests) were kept as part of commercial harvests running consecutively

between the harvesting years of 1992 through to 2007 and including 2009.

The first commercial quotas were established in 1992 and were set at 250
animals (gender breakdown unknown) (Junkin, 2003) (Table 16) (Figure 33).
Despite the 1992 commercial allocation, it was not until 1993 that the first five
caribou (of unknown gender), harvested for commercial purposes was reported
since the herd’s reintroduction from Coats to Southampton Island. Commercial
guotas continued to rise to 1,000 animals in 1993, 5,000 in 1994 and 6,000 by
1997 (Junkin, 2003). Since 1993 there have been annual commercial harvests
up to and including the 2009 harvesting season. Interestingly, a non sex-
selective subsistence quota of 1,000 animals was re-instated in 1994 in an effort
to offset an increase in the commercial quota from 1,000 to 5,000 over the same
period (Junkin, 2003). By 1997, in response to survey results indicating the
continued rapid growth of the population to 30,381 animals (Mulders, 1997),
concerns about the caribou population having exceeding the Islands
hypothesized carrying capacity of 15,000 caribou were being realized (Oullett et
al 1994, Oullett et al 1993). In response to these concerns, the wildlife
regulations were once again amended to allow an unlimited subsistence harvest

and a non sex-selective commercial quota of 6,000 caribou.
Overall the commercial harvest was successful in reducing the population to the
estimated carrying capacity of the Island of 15,000 caribou (Oulett et al. 1996).

Current concerns however, are that continued high harvest rates, in excess of
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6,500 caribou over the 2006 and 2007 harvesting seasons would drive the
population too low to sustainably maintain the estimated subsistence harvest rate
of 1,500 to 2,000 caribou annually. Additionally, there was the concern of rising
Brucella prevalence and its observed impact on the reproductive potential of the
SHI herd. The continued decline of SHI caribou following the 2003 survey
estimate only heightened these concerns, and by 2007, when the population had
dropped further to an estimated 14,389 adult and yearling caribou, discussions
on ending the commercial harvest had begun. However, the harvest employed
many local people and the political will to continue the harvest was high. Despite
these pressures the harvest was cancelled by the Coral Harbour HTO in 2008
and only a small harvest of 843 was undertaken in March 2009. Between 1978
and 2009 an estimated total of 27,400 caribou had been harvested for
subsistence purposes and 42,000 for commercial purposes Yyielding a total
harvest of 69,400 caribou, of which 61% were taken for commercial purposes
(Table 16). Since 2009 there has been no commercial caribou harvest. Results
from the 2009 aerial abundance estimate showed no significant change between
survey periods suggesting that the cessation of the harvest was having the net
effect of slowing or stabilizing the population decline. But, over the same period,
annual condition and disease monitoring tracked a steady increase in Brucellosis
prevalence and a corresponding reduction in reproductive productivity (Figure
32).

Unfortunately the stabilizing effect lasted only a short period and by June 2011
estimates of population abundance dropped further to 8,442 adults and yearlings.
With the commercial harvest having been stopped and the subsistence harvest
remaining relatively constant at an estimated 1,500 to 2000 caribou annually, the
reasons for this rapid decline appeared to now be related to the reported high
prevalence of the reproductive disease Brucellosis. By March 2011, Brucellosis
disease prevalence had reached a troubling 58.8% and spring pregnancy rates
had plummeted to 37% (Figure 32). In addition to high rates of disease, around

this time and despite the cessation of the commercial harvest, a new method of
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selling country foods was gaining popularity, and increasing harvests of SHI
caribou. This new harvest pressure was developing from the growing demand
for the sale of caribou meat on social media. A ripe market had opened up on
Baffin Island where Baffin communities were struggling with declining caribou
populations as well. When sales of caribou from SHI on social media began,
24,764 kilograms of caribou meat was sold and shipped from SHI in the first 8
months of sales, representing an estimated 710 caribou (Figure 34).
Unfortunately the data provided by the airline was cutoff in January 2012 thus
removing our ability to assess the internet sales and harvest totals, through

export traffic, for the months of heaviest harvest (March, April, and May).

451 Harvest Management and Planning 2011 to present:
Meetings in the summer and fall of 2011 between the GN Department of
Environment and the Coral Harbour HTO, and additional meetings with all
stakeholders in the winter of 2012, led to a formal request by the Coral Harbour
HTO to the GN and the NWMB to apply a TAH of 4 caribou per household (1,000
caribou) in an attempt to stabilize the decline through harvest management.
Additionally the annual condition harvest of 100 animals, used to asses
Brucellosis prevalence and pregnancy rates amongst other health and condition
indicators, was discontinued in order to move all harvesting opportunities to local

Inuit.

Another product of these meetings was the development of the Southampton
Island Barren-ground Caribou Population Management Plan (2012),which was
submitted to the NWMB for decision in March 2012. The plan outlined an
agreement to establish a TAH of 1,000 caribou and a Non-Quota Limitation
(NQL) protecting cow/calf pairs. Also in the plan was the specification of
continued harvester-supported monitoring, and the continued assessment of SHI
caribou population abundance every 2 years. The urgency of the situation lead

to the NWMB supported and community requested establishment of a Ministerial
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Management Initiative (through the Nunavut Wildlife Act) to immediately assign a

temporary TAH.

By May 2013, the herd had further declined to an estimated 7,287 adult and
yearling caribou, prompting the GN to recommend a further reduction to 2
caribou per household (500 caribou) with 100 caribou held back for the HTO to
use as deemed appropriate, for a total of 600 caribou. The community rejected
this recommendation, preferring to wait until the May 2015 abundance estimate
had been made, to make a final decision. The community based its decision on
hunter observations of reduced signs of Brucellosis within their catch and a
general thought that herd health and pregnancy rates were improving.
Continued reports of healthy caribou, fewer signs of disease, several reports of a
possible movement of caribou onto the Island over the winters of 2014 and 2015,
and a noticeable increase in calves in June 2014, preceded the May 2015
abundance survey. Consistent with community reports, the 2015 survey
estimated a significant increase in adult and yearling caribou. In two years, the
population had increased by 5,081 animals to 12,368 caribou, an estimate far
higher than could be accounted for by reproduction alone. The community of
Coral Harbour was not surprised with the result, attributing the increase to what
they believe was the movement of a large group of caribou from the mainland
onto the north end of the island. In an attempt to verify these accounts, the GN
conducted a genetic analysis using SHI hunter provided tissue samples from
2014 and then comparing them to SHI samples from 2004 and samples collected

on the mainland in the vicinity of Naujaat.
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Table 14. History of the Southampton Island assigned subsistence harvest quotas

(TAH) from 1978 to 1991. Harvest management prior to the first
commercial allocation in 1992 (subsistence harvest estimated using
government reports, HTO correspondence and personal communications
with wildlife staff).

Regulated Quotas (TAH) T3

Q ~

< Subsistence Commercial g QJ—:
g 7 _| %) e =
2y o 5 25 9 28 B 3<
’:E 3 ('F ’:E o wn 2 ’E [23N7)) 9.- > 9

i} = = .y = L =

o i g X *H S x ®

1978 0 25 0 25 0 0 25
1979 0 50 0 50 0 0 50
1980 0 50 0 50 0 0 50
1981 0 50 0 50 0 0 50
1982 0 50 0 50 0 0 50
1983 20 50 0 50 0 0 50
1984 20 50 0 50 0 0 50
1985 20 50 0 50 0 0 50
1986 20 50 0 50 0 0 50
1987 50 250 0 250 0 0 250
1988 0 300 0 300 0 0 300
1989 100 300 0 300 0 0 300
1990 0 400 0 400 0 0 400
1991 0 400 0 400 0 0 400
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Table 15. History of the Southampton Island harvest assigned commercial and
subsistence Quotas (TAH) from 1992 to present (subsistence harvest
HTO correspondence and
personal communications with wildlife staff).

estimated using government reports,

Regulated Quotas (TAH) T =
< Subsistence Commercial g QJ—:
g %) 4 %) “ =
» 3 5 |35 | 3 |.%8 | ¢ 3z

=3 o |B29 | B2 |3B2¢ | & Z8

o i S % G S x o

1992 0 400 0 400 250 250 650
1993 no limit no limit no limit no limit 1,000 1000 no limit
1994 NA NA 1,000 1,000 5,000 5,000 6,000
1995 NA NA 1,000 1,000 5,000 5,000 6,000
1996 NA NA 1,000 1,000 5,000 5,000 6,000
1997 no limit no limit no limit no limit 6,000 6000 no limit
1998 no limit no limit no limit no limit 6,000 6000 no limit
1999 no limit no limit no limit no limit 6,000 6000 no limit
2000 no limit no limit no limit no limit 6,000 6000 no limit
2001 no limit no limit no limit no limit 6,000 6000 no limit
2002 no limit no limit no limit no limit 6,000 6000 no limit
2003 no limit no limit no limit no limit 6,000 6000 no limit
2004 no limit no limit no limit no limit 6,000 6000 no limit
2005 no limit no limit no limit no limit 6,000 6000 no limit
2006 no limit no limit no limit no limit 6,000 6000 no limit
2007 no limit no limit no limit no limit 6,000 6000 no limit
2008 no limit no limit no limit no limit 6,000 6000 no limit
2009 no limit no limit no limit no limit 6,000 6000 no limit
2010 no limit no limit no limit no limit 6,000 6000 no limit
2011 no limit no limit no limit no limit 6,000 6000 no limit
2012 NA NA 1,000 1,000 0 0 1,000
2013 NA NA 1,000 1,000 0 0 1,000
2014 NA NA 1,000 1,000 0 0 1,000
2015 NA NA 1,000 1,000 0 0 1,000
2016 NA NA 1,600 1,600 0 0 1,600
2017 NA NA 1,600 1,600 0 0 1,600
2018 NA NA 1,000 1,000 0 0 1,000
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Table 16. A history of the Southampton Island actual harvest from 1992 to
present. Harvest estimates include actual commercial harvest and
estimated subsistence harvest (subsistence harvest estimated using

government  reports, HTO correspondence and personal
communications with wildlife staff).
Actual Harvest
- Subsistence (Values Estimated) Commercial ;rﬁ g
g @ = ’8? g ’8? o = g = g %
- 3 ) =% | 25 3 ) = S T <
5 ) 35 39 L ) > o a @
° T |32 [ g2 | 2 = E z | 7
2 - 23 | & E = S =
1992 0 400 0 400 0 0 0 0 400
1993 ? ? 500 500 ? ? 5 5 505
1994 ? ? 500 500 500 500 1,000 1,000 | 1,500
1995 ? ? 1,000 1,000 ? ? 2,356 2,356 | 3,356
1996 ? ? 1,000 1,000 ? ? 1,839 1,839 | 2,839
1997 ? ? 1,500 1,500 | 2,356 1,009 0 3,365 | 4,865
1998 ? ? 1,500 1,500 | 2,069 887 0 2,956 | 4,456
1999 ? ? 1,500 1,500 514 580 0 1,004 | 2,594
2000 ? ? 1,500 1,500 | 1,170 996 0 2,166 | 3,666
2001 ? ? 2,000 2,000 | 2,070 1,626 0 3,696 | 5,696
2002 ? ? 2,000 2,000 959 2,875 0 3,834 | 5,834
2003 ? ? 2,000 2,000 | 3,403 1,602 0 5,005 | 7,005
2004 ? ? 2,000 2,000 ? ? 3,200 3,200 | 5,200
2005 ? ? 2,000 2,000 | 2,766 1,272 0 4,038 | 6,038
2006 ? ? 2,000 2,000 | 2,892 1,136 0 4,028 | 6,028
2007 ? ? 2,000 2,000 | 1,446 1,129 0 2,575 | 4,575
2008 ? ? 2,000 2,000 0 0 0 0 2,000
2009 ? ? 2,000 2,000 322 521 0 843 2,843
2010 ? ? 2,000 2,000 0 0 0 0 2,000
2011 ? ? 2,000 2,000 0 0 0 0 2,000
2012 ? ? 1,000 1,000 0 0 0 0 1,000
2013 ? ? 1,000 1,000 0 0 0 0 1,000
2014 ? ? 1,000 1,000 0 0 0 0 1,000
2015 ? ? 1,000 1,000 0 0 0 0 1,000
2016 ? ? 1,600 1,600 0 0 0 0 1,600
2017 ? ? 1,600 1,600 0 0 0 0 1,600
2018 ? ? 1,000 1,000 0 0 0 0 1,000
Grand Totals 39,600 42,000 | 83,675
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Southampton Island Caribou Abundance Estimates, Established Quotas (TAH), and
Estimated Annual Harvest

(Error Bars Indicate 95% Confidence Limits)
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Figure 33. An examination of quota adjustment and actual harvest based on population estimates (Quota equivalents =
estimated maximum subsistence harvest substituted for “no-limit” quota allowance values, Tables 1 and 2).
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Rate of SHI Caribou Meat Export in Kilograms
(Histogram labels indicate estimated # of caribou)
8,000
202
7,000 +
;) 177
= 6,000
o
3
2 144
‘= 5,000 - 137
n
T
=
5 4,000 -
o
2
8
« 3,000 -
o
2]
£
o
S’ 2,000 -
S
30
1,000 -
9 6 4
0 ‘ ‘ ‘
E £ ¢ % 8 § § &%
3 < «Q k! s < o >
Month of Export {2011/12)

Figure 34. Caribou exports off Southampton Island primarily to Baffin Island
communities. Data collected over an 8 month period in 2011/12.
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4.6 Population Genetics:

The 2015 abundance survey results showed a statistically significant mean
increase of 5,081 caribou from the previous survey in 2013, an increase that
cannot be entirely accounted for by reproductive rates alone. The GN, in
partnership with the Coral Harbour HTO, set out to try and confirm the possible
mechanism of this increase. Based on information collected over two meetings
with the Coral Harbour HTO, the primary mechanism forwarded by the HTO was
the movement of caribou onto SHI. Hunter reports of many tracks coming onto
the Northwest end of the island from across the sea ice suggested immigration
was likely a behind the increase in caribou abundance. We sought to verify
these observations through a genetic analysis of SHI tissue samples from 2014
(collected just following the reported movement) and 2004 (collected a decade
prior to the suspected movement). Both these samples would then be compared
with archived Qamanirjuaq caribou samples collected in 2012, and 2015 caribou
samples collected in the vicinity of Naujaat, on the Kivallig mainland. We
employed Wildlife Genetics International (WGI) to analyze the results and test the

validity of such a movement of caribou onto the Island.

Using Qamanirjuaqg and Naujaat (Repulse Bay) samples to represent the
mainland population, and starting out by using only the Southampton data from
2004 to start, WGI noted that the dramatic separation of mainland and island
populations was not perfectly reflected across all individuals, even in 2004
(Paetkau, 2015) (Figure 35). Specifically, Qamanirjuaq individual C45 (partially
red bar in group 2) and SHI individual 155 (partially green bar in group 4) were
estimated to have ~ 35% ancestry in the ‘wrong’ population. These unusual
individuals were previously dismissed as outliers, but that may have been
premature: the stark differences in allele frequencies should have allowed
accurate assessments of ancestry using 18 markers (Paetkau, 2015). Upon

examining the 2014 samples, WGI found a marked shift between the 2004 and
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2014 SHI genotypes, with 3% of the 2004 caribou being estimated to have < 90%
SHI ancestry, versus 35% of individuals collected between 2013 and 2015 having
< 90% SHI ancestry. Assuming that this shift is not the result of a change in
sampling location — the NW region of SHI might show more mainland influence
than the south — this change in the genetic composition of the population over

the course of a decade is dramatic (Paetkau, 2015).

According to Paetkau (2015), the temporal shift was strong enough to leave little
doubt that geneflow had occurred from the mainland to the island. To address
the question of ancestry, Paetkau (2015) calculated the likelihood (Paetkau et al.
1995 Mol. Ecol.) that each genotype in the dataset would have been drawn from
either the mainland (using Qamanirjuaq and Naujaat caribou herd DNA samples
for allele frequencies) or the Southampton Island group (using 2004 data for SHI)
(Figure 36). Paetkau concluded that with P < 0.01 that any genotype with a
lower ratio did not have pure island ancestry, while ratios in excess of -7.8 (P <

0.01) had ancestry other than pure mainland.

With consideration to the number of tests conducted and associated hypothesis
testing framework, WGI assessed the risk that the outliers are simply Type |
errors. Having tested 86 individuals from the mainland, and 58 SHI individuals
from 2004, a correction for multiple tests indicated critical values of 0.0006 and
0.0009, respectively, in order to achieve an ‘experimentwise’ P = 0.05,
suggesting a genotype with a more extreme P than those that would be expected
to occur through Type | error in 5% of similar datasets (Paetkau, 2015). The P-
values estimated by GeneClass2 for C45 and 158 were 0.0003 and 0.0000,
respectively, so these 2004 outliers cannot be explained by chance, even after
correcting for the number of individuals tested (Paetkau, 2015). Paetkau
therefore concluded that the evidence of movement in both directions (onto and
off of the mainland) by 2004, was statistically meaningful. Indeed, both SHI

individuals are statistically excluded as purebred members of either source
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population (mainland or island), indicating that they are members of the F1, or

subsequent, hybrid generation (Paetkau, 2015).

Moving forward a decade, Paetkau (2015) found that 19 of the 127 new 2014 SHI
caribou had a likelihood of P < 0.01 that they were from “pure” SHI caribou as
represented by the 2004 samples. According to Paetkau 23 individuals produced
a P between 0.05 and 0.01 which individually could be explained as outliers
(Type | error). As a group, however, Paetkau believed there were too many
outliers to be so easily dismissed, as Type | error for a dataset of 127 pure SHI
animals. In total, Paetkau observed 19 individuals beyond the critical ratio for P
= 0.01, and 42 beyond P = 0.05 suggesting a substantial mainland influence

present in 2014 but not present in 2004.

Though the results do not support that a pulse of mainland individuals had moved
onto Southampton Island recently, they also do not support that genetic isolation
of the island herd has been maintained. Paetkau (2015) points out that samples
collected on SHI between 2013 and 2015 did not appear to include any FO
(parental generation) immigrants from the mainland. Paetkau concluded that the
analysis has documented that a large proportion of 2014 SHI caribou samples
(about 1/3 of the current set) are of F1 (offspring generation) or subsequent-

generation hybrid ancestry.

One possible explanation of the absence of apparent FO immigrants from the
mainland could be that such individuals arrived at the northwest corner of the
island and took a generation or more to reach as far south as the region where
the hunter samples were collected, which is more towards the southcentral
extents of SHI. This however, cannot explain the statistically significant increase
in caribou abundance along with the local reports of mainland caribou migrating
onto SHI between the May 2013 and 2015 surveys. Possible reasons for this

finding could be related to a sampling bias whereby hunter samples collected
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from early 2014 could have missed an immigration event occurring later in the
winter. Though unlikely, consideration must also be given to the mainland
comparative samples. Most of the samples were collected from areas close to
Naujaat creating a second possible sampling bias that could have excluded more
northern groups of caribou as potential source populations, such as caribou in
the vicinity of Lyon Inlet. Clearly, additional genetic analysis needs to be
undertaken to more accurately determine the cause of the hybridization event
clearly documented sometime between 2004 and 2015. Overall we suggest that
local hunter knowledge, and scientific evidence to date, all point to the arrival of a
large contingent of caribou onto SHI from an area or areas not covered by SHI

aerial survey extents.
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Figure 35. Structure results. Each column represents an individual, with its
estimated proportion of mainland ancestry coded green, and SHI
ancestry red. The ‘populations’ are Qamanirjuaq (2; w9741),
Repulse Bay (3; g1616), SHI 2004 (4; w9741) and current SHI 2014
(5; g1616) (Paetkau, 2015).
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Figure 36. Likelihoods of occurrence based on mainland and (2004) island

allele frequencies of caribou according to genetic analysis from
different populations and years. Resampling in GeneClass2
indicated that 95% of purebred individuals are expected to have
likelihood ratios outside the light lines, while 99% should sit beyond
the heavy lines. Individuals between the heavy lines, including C45
(purple circle) and 155 (orange square) have genotypes that are
rarer than 99% of individuals of either pure mainland or pure island
ancestry. These include seventeen 2013-2015 SHI caribou
(Paetkau, 2015).
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5.0 Conclusions & Recommendations:

5.1 Aerial Survey Methods:

Overall, survey efforts from 1997 to 2017 were relatively precise ( CV = 0.055 to
0.087) and were able to track two decades of decline within the Southampton
Island caribou population. Methods changed over the period, namely from single
observer pair configurations from 1997 through 2007, to dependant double
observer pair configurations in 2009 to 2015, and finally to a composite of

dependant double observer pair and distance sampling configurations, in 2017.

The dependant double observer pair configuration proved to be the most
advantageous methodology, given that front and rear observers switch positions
half way through each survey day, and that both front and rear observers are
given the prescribed opportunities (see methods) to see the groups while flying
along transects. The method reduced sightability errors common to the single
observer pair method, and provides more precise estimates of wildlife
populations. This method was the most effective at correcting estimates when
the assumption of perfect sightability was violated. The dependant double
observer pair method had other advantages. Incorporating more involvement of
community members in research builds local support for the method and survey
results, increases training opportunities for observers and improves research
capacity in the territory, and incorporates co-management partners in research

aspects of wildlife management.

Although the addition of distance sampling methods can further improve survey
precision, the task of the observers becomes more challenging, and problems
can arise when using observers with limited experience. In 2017, distance
sampling estimates were higher than dependent double observer pair and strip
transect estimates. This may have been due to one of the observer pairs not
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putting enough survey effort to the bins near the aircraft (Figure 25) as indicated
by different shapes of the detection histograms for the 2 observer pairs. This
would cause a negative bias in both strip transect and dependent double
observer pair estimates. This illustrates a potential issue with distance sampling,
observers spending too much time looking out at further bins which are often
easier to view than the closer bins rather than surveying one strip more
thoroughly. The dependant double observer pair method partially accounted for
this by also estimating the sighting probabilities of observers near the survey line.
In the 2017 case, the observer was identified using dependant double observer

records and the error addressed.

Based on our analyses and experience, we suggest that the dependant double
observer pair method is the most appropriate method to meet the rigours of
guantitative assessment while promoting collaboration with co-management
partners. Distance sampling methods, though exceptional in many respects,
should only be deployed when experienced observers occupy all observer
positions, and, in combination with the dependant or independent double
observer pair configuration. As abundance dwindles on Southampton Island,
greater consideration should be given to incorporating distance sampling into
survey methods. This may mean working closer with community HTOs to ensure
only experienced observers are chosen, to reduce errors which contradict the

assumptions of statistical models used in population estimates.

5.2 Herd Trend:

The SHI caribou population peaked sometime between 1995 and 2000 and has,
since then, declined by an estimated 9% annually, up until the 2017 survey
estimate. A probable immigration event sometime between May 2013 and May
2015 significantly increased abundance by an estimated 5,082 caribou, however,
by May 2017 the population trajectory seems to have fallen back into the 9%
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annual rate of decline trend that was documented up until 2013. Reasons for the
decline are likely related primarily to three separate mechanisms including
harvest, Brucellosis prevalence, and icing and its effects on forage availability
during some winters. Brucellosis likely had little influence on abundance trend
until 2004 when disease prevalence reached an estimated 40%. As a result, we
believe harvest was the main mechanism of decline between 1997 and 2004.
One must keep in mind, however, that the reduction in abundance was the goal
during this period, as the population was believed to be well beyond the island’s
carrying capacity of 15,000 caribou (Oullet, 1993). Since 2004, both the
reproductive disease Brucellosis and harvest were likely the main mechanisms of
decline. Unfortunately, at this point we are unable to ascribe which may have
had the greater effect on the abundance of SHI caribou. This being said, by
2005, abundance was still above the hypothesized carrying capacity of SHI
(Oulett, 1993), so the management goal of reducing abundance remained
unchanged. By 2007, herd estimates were below the estimated carrying capacity
of 15,000 caribou, however, declines in abundance seemed to slow between
2007 and 2009, based on our surveys. Additionally, Brucellosis prevalence was
declining by 2009 and, based on hunter reports, general condition was
increasing. As Brucellosis prevalence had been steadily decreasing from 2006
through 2009, and the declines over the same period were slowing, the
management goals were amended by the Coral Harbour HTO to reduce the
Islands commercial harvesting. Agreement was reached amongst all co-
management partners to suspend the commercial harvest after 2009, in an
attempt to further stabilize the decline and maintain an abundance that could
support the subsistence harvest. Between 2009 and 2011, however, the caribou
population significantly dropped by 5,209 animals, the greatest observed decline
over any 2-year period. During this period trends in Brucellosis prevalence
reversed and climbed to the highest recorded, and pregnancy rates dropped to
below 40%, the second lowest recorded since 2000. Additionally, the
unanticipated sale of caribou meat through social media, a new form of

commercial harvesting protected as a right under the Nunavut Agreement,
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beginning in 2010, reached levels estimated to have exceeded the subsistence
harvest over the 2011/2012 harvesting season. It appears that during this
period, disease and harvest together were driving the population down. With the
formal commercial harvest already stopped in 2009, the Coral Harbour HTO and
GN had little option but to apply a TAH to reduce the subsistence harvest as an
attempt to control the sale of caribou meat, primarily to Baffin communities,

through social media.

The statistically significant increase in the SHI caribou population between May
2015 and May 2017, and subsequent decline of an estimated 9% between 2015
and 2017, has been difficult to explain. Genetic studies conducted as a follow-up
to hunter observations suggesting a large group of mainland caribou had come
onto the island from, the mainland sometime between 2013 and 2015, have yet
to provide a conclusive answer regarding whether a migration event was the key
mechanism of the increase. However, the genetic work did indicate that
sometime between 2004 and 2015, a significant mixing of mainland and SHI
caribou occurred. More analysis comparing consecutive years of SHI genotypes,
with a more geographically broad collection of caribou genetic samples from
coastal areas bordering SHI, will be necessary in order to more effectively
explore possible mainland connections and reduce potential sampling bias that
may be masking actual events. Although it is only a remote possibility, we
believe that SHI caribou reproductive potential alone is unlikely to have

accounted for the 41% increase estimated between 2013 and 2015.

5.3 Future Management:

Another survey planned for May 2019 will further assess the most recently
observed decline in SHI caribou, however, based on our trend analysis we
expect to observe further declines. Should a continued decline be confirmed,
discussions with the Coral Harbour HTO and other stakeholders regarding the
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consideration of a substantial reduction in TAH will have to be arranged shortly
following the surveys completion, in an attempt to try and safeguard against

further decline and associated hardship to the residents of Coral Harbour.

The mechanisms driving the decline are multiple and difficult to isolate,
suggesting that further research is required. It appears that the main drivers
have been the disease Brucella suis Type IV, harvest (with emphasis on the sale
of caribou meat through social media), and potentially poor winter weather in
some years. Clearly the need to continue monitoring disease prevalence in SHI
caribou is required if we are to understand present day infection rates and
associated productivity for the herd. Recently, hunters have reported fewer
caribou with signs of disease, and a noticeable increase in the number of calves
observed in 2015 and 2016 suggest that the disease prevalence may be
decreasing. If this is the case, and Brucellosis no longer represents a primary
mechanism of decline, then harvest, along with weather and condition monitoring
should become the focus of future monitoring for the SHI herd. Additionally,
more effective means of monitoring the harvest, and any exports of caribou meat
off the island, will be critical in understanding the true extent of the harvest. At
present these tools are not available to enforcement officers within Nunavut,
suggesting that further thought and required amendments to current harvesting
regulations should be seriously considered by wildlife management
organizations. Attempts to control the sale of caribou meat through social media
have failed and consideration should be given to addressing this issue through
amendments to legislation. In recent consultations with Kivallig community
HTOs, all communities expressed a willingness to address the problem in this
way, suggesting that some mutual agreement could be reached to more
permanently address this issue. If nothing is done to monitor this novel and
growing mechanism of caribou meat sales, we fear the problem will grow more
serious as more and more caribou populations within Nunavut are managed
through the establishment of a TAH.
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Yes sorry, no harvesting females with calves.

Natasha Hattie Ottokie

Alviit Hunters' and Trappers’ Organization
Manager

Coral Harbour, NU

X0C 0Co

(1) 867-925-8622

From: Denis Ndeloh [mailto:DNdeloh@nwmb.com]
Sent: Thursday, May 23, 2019 4:44 PM

To: Aivig HTA <aiviit@kivallighto.ca>

Subject: RE: Support

Hi Matasha,

Did you mean NOT harvesting females with calves? That is what the GN recommendation is.

From: Aivig HTA <aiviit@kivallighto.ca>
Sent: May 23, 2019 5:31 PM

To: Denis Ndeloh <DNdelch@nwmb.coms
Subject: Support

Hi Denis,

The Aiviit HTO supports the TAH recommendation to decrease to a 1000 for Coral Harbour for caribou
harvesting and harvesting of females with calf.

Natasha Hattie Ottokie

Alviit Hunters' and Trappers’ Organization
Manager

Coral Harbour, NU

X0C oCo

(T) 867-925-8622
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Executive Summary

A systematic strip transect survey of the Boothia Peninsula was undertaken in summer 2017 to
determine the abundance and distribution of muskox. The survey took place from August 07 to
August 12. A total of 8,317.71 km? were flown, representing 20% coverage of the total study
area (43,238 km?). During the survey, 702 adult muskoxen were recorded on transect resulting
in a population estimate of 3,649 + 316 (S.E.). Calves represented 14% of the adult muskox seen
and the average number of adults per group was small, 5 + 4.45 (S.D.) The muskox density was
of 0.084 muskox / km? in the management unit. This is an increase of muskoxen in MX-08 from
what have been estimated previously, and it is consistent with the reported local knowledge.
Thus, an increase in the current harvest rate could be supported by this current population
estimate, as well as continuing the monitoring, harvest reports, and health monitoring
program. A survey cycle of 5 years is advisable for this Muskox Management Unit or sooner if
traditional knowledge indicates a significant change in the population trend, so harvest rate
could be review.
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Muskox Management Unit, MX-08

Introduction

The mechanism driving muskox population dynamics is not well understood. In the early part of
the 1900s, hunting pressure drove muskox numbers close to extinction and reduced the
distribution to a few limited pockets in the Canadian Arctic (Spencer 1976; Gunn 1984). To
stimulate recovery, the existing muskox populations in Nunavut were managed to foster a
continued colonization of the historic range (Gunn, 1983). While muskox are currently re-
colonizing historical habitat in the central and eastern Canadian Arctic, most muskox
populations have been increasing in the last few decades, inhibiting the monitoring of long-
term population variation. Therefore, there is limited information available to determine how
muskox populations naturally cycle.

The Boothia Peninsula is an example of a location where muskox is re-colonizing their historical
range. Previous surveys on the Boothia Peninsula were conducted in 1985, 1995, and 2006. In
1985, the Boothia Peninsula was known to be devoid of muskox (Spencer Bay HTO pers. Comm;
Gunn and Ashevak 1990). A decade later, 61 muskoxen were seen on transect providing an
estimate of 554 + 205 (SE) animals (Gunn and Dragon, 1998). According to hunter observations,
muskox numbers around Taloyoak have been increasing since 1995. During the latest
population survey, in 2006, muskox abundance for Boothia Peninsula was estimated at 1,100 +
253 animals from the 562 adult muskoxen seen on transect (Dumond, 2007). Based on the
location of sightings between the 1995 and 2006 surveys and local knowledge, muskox appear
to occupy the Boothia Peninsula from Somerset Island, north of Amittaryouak Lake, moving
southward reaching a southern limit at Cape Cambridge (Gunn and Dragon, 1998; Dumond,
2007). In 2006, areas of higher muskox density were found in the vicinity of Murchison
Promontory and Pasley Bay. Thus, the environmental conditions on the Boothia Peninsula seem
to be optimal to promote muskox population growth.

Taloyoak Hunters have commented on the higher numbers of muskoxen sightings. They fear
that muskox will start impacting negatively the caribou calving grounds on the Boothia
Peninsula. It is part of Inuit traditional knowledge that muskoxen displace caribou from their
habitat. Muskox feeding pits or the destruction they cause to ground cover might prevent
caribou from feeding in the area or the strong muskox musk might deter caribou. However,
muskox and caribou have been co-habiting in the Arctic for thousands of years, where their
ranges overlap temporally and spatially. Even today, there is no clear scientific evidence
determining an negative impacts related to the muskox-caribou relationship, as this inter-
species relationship is difficult to isolate from confounded variables in the wild. Thus,
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traditional knowledge might be a more powerful tool to understand in inter-species
relationship.

In 1995, there was no muskox quota in the area that was previously part of MX-09 due to the
very low number of muskoxen on the Boothia Peninsula. However, a quota of 20 tags for Prince
of Wales Island and 12 tags for Somerset Island were assigned to these two harvest zones
(Gunn and Dragon 1998). After the 2006 population survey was completed, a Total Allowable
Harvest (TAH) of 20 was set. Assuming that this quota was filled on a yearly basis, a harvesting
rate of 6% would have led to a slow decline, as the harvesting rate will be higher that the
population yield. (Tener, 1965). Despite this risky management approach taken with limited
knowledge on the population demographics, recent local knowledge has indicated that the
muskox numbers have still continued to increase.

Based on local knowledge, there is a need to re-evaluate the existing TAH relative to the
management goal. Taloyoak hunters are requesting an increase in harvesting opportunities to
keep the muskox population relatively low so they can preserve the caribou calving grounds. A
reassessment of the muskox population in MX-08 is necessary to revisit the TAH. It is also
important to make sure that there is enough incentive in place to reach the harvesting rate in
order to achieve the goal of keeping the muskox population relatively low. Thus, this project
aims to first provide an update of the current muskox population in the muskox management
unit MX08. Consistent with other muskox surveys, the Nunavut wide monitoring approach will
be used. This scientific information will be provided and paired with traditional knowledge to
review existing management strategies and promote a sustainable harvest of muskox for future
generations of Inuit allowing for the co-habitation of caribou and muskox on the Boothia
Peninsula.

Objectives

This project aims to address the concerns and requests of Inuit hunters, as well as to provide up
to date scientific information for management purposes. Therefore, the main objectives of this
study are:

1. Determine the estimated number of muskox;
2. Determine muskox distribution and density;
3. Determine calf crop and group size.

By doing so, it will be possible to have better information on current muskox abundance and
distribution in the muskox management unit MX-08. Information on group structure, calf
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production, group size, and density is essential to gain insight on the relation between these
variables and population dynamics.

Materials and Methods

Study Area

The study area is the muskox management unit MX-08, which includes the Boothia Peninsula
and a portion of the mainland. The area lies between M’Clintock Channel to the west and the
Gulf of Boothia to the east, and is separated from MX-06 to the north by Bellot Straight and the
southern boundary is shared with muskox management unit MX-11. The Boothia Peninsula is
the northernmost extension of the Canadian mainland and the North American Continent. The
area is rich in topography with plains, lowlands, plateaus, and rolling bedrock hills (Dyke, 1984).

This management unit is part of the Northern Arctic Ecozone, which has two Northern Arctic
Ecoregions. The southeast and the north part are characterized by Boothia Peninsula Plateau
and a small portion of the southwest by the Victoria Island lowlands (Environment Canada,
1995). Due to the spatial heterogeneity of the area, the Arctic tundra vegetation cover is
influenced by the soil moisture, nutrient availability, snow cover, wind exposure, and
microclimate differences defining dwarf-shrub health or moist to wet sedge meadows (Laidler
et al., 2008).

Vegetation covers in the Victoria Island Lowlands are dominated by Saxifraga oppositifolia,
Dryas integrifolia, and Salix spp., and the wet areas are characterized by sedges, cottongrass,
saxifrage, and moss (Walker, 2000; Environment, 1995). Remaining upland areas are part of the
Boothia Peninsula plateau, which have a mid-arctic eco-climate. In the upland the vegetation is
discontinuous, and dominated with tundra species (Environment, 1995). Vascular plants are
found in bedrock cracks and depressions where it is well irrigated by runoff and protected from
winds (Walker, 2000).

Survey Area

Prior to survey, no reconnaissance survey was undertaken to maximize the coverage area
investigated. Instead, anticipated muskox distribution patterns were obtained from past ground
surveys, hunter observations, and Inuit Traditional Knowledge/Inuit Qaujimajatugangit (1Q).
According to /Q, muskox has increased in numbers and they are now uniformly distributed over
the entire Boothia Peninsula with no specific aggregation. Based on this change in distribution,



Muskox Management Unit, MX-08

the whole management unit MX-08 was surveyed at 20% coverage with no strata of different
effort allocation (Figure 1).

Kilometers
0 20 40 80 120 160

Figure 1: Transect lines representing 20% coverage of the muskox management unit MX-08.

To increase the precision of the survey areas, ESRI’'S ArcGIS software with an adapted survey
design tool was used to randomly plot the transect lines until the desired percentage of
coverage was achieved. The tool allows the user to determine the precise number of transects
and the distance between each transect line required in function of the transect strip width and
the total area of the management unit. Orientation of the transect lines within the stratum was
determined in function to have the most homogeneous and shorter transect line length under
the assumption that muskox are randomly and uniformly distributed on the landscape (Figure
1).
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Table 1, below, summarizes the total area, the percentage of cover, the total number of kms of
transects of different length, the number of lines, the resulting distance between each transect
line and the orientation of the transect lines. In sum, the management unit, MX-08, of 43,238
km? was surveyed with a total of 5,198 km of transect lines, which represented 46 transect lines
of different length at a spacing of 8 km (Table 1).

Table 1 Characteristic of the study area and the transect lines per stratum in the Management
Unit MX-08.

Stratum Total area Percentages Total transect Number Distance between  Orientation
(km?) (%) lines (km) of lines  transect line (km)
1 43,238 20 5,198 46 8 East-West
MX-08 43,238 5,198 46

Aircraft configuration

A systematic transects line survey was flown with a fixed-wing single engine turbine aircraft, a
grand caravan. The transect lines were surveyed at a speed of 160 km/hr and the survey
altitude of about 152 meters, which was mostly maintained following the relief of the study
area using a radar altimeter. The pilot responsibilities were to monitor this air speed and
altitude while following the pre-programmed transect on a Geographic positioning system
(GPS). The strip transect was 800 meters on each side of the aircraft, for a total transect width
of 1.6 kilometers. The pre-determined transect width of 400 meters was set on each wing
based on calculation using the formula of Norton-Griffiths (1978) and others (Gunn and
Patterson 2000; Howard 2011).
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Figure 2: Schematic diagram of aircraft configuration for strip width sampling North-Griffiths (19878). W
is marked out on the tarmac, and the two lines of sight a’-a-A and b’-b-B establish, whereas a’- and b’
are the window marks.

w= W*h/H

Where, W= the required strip width; h= the height of the observer’s eye from the tarmac; and
H= the required flying height.

The entire survey was set up with an observer/recorder crew: two recorders, one left side
observer and one right side observer. Each left and right observer and a recorder were divided
into a team. Observers were responsible to continuously searched for and counted muskox; the
number of calves (5-6 months old) were counted when they were conspicuous while on
transect. No sex and age classification count were systematically attempted. The data recorded
included the number of muskox and GPS locations. Only counts of adults were used in the final
population estimate. Even if this survey focused on muskox, additional sightings of other
species were also recoded, such as caribou, polar bear, and wolf.

Analyses

As this survey focused mainly on obtaining an estimated number, only unambiguous
classification criteria were used to determine the number of calves and adults. The group was
then broken down into adults (female/male) and calves (Howard 2011). The flying height and
speed did not allow for accurately distinguishing male from female muskox from horn size and
shape. Therefore, the proportion of calves per female cow was not determined, and no
information on the recruitment or productivity was generated. The group structure was
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however described such as calf:adult ratio, mean group size, and the number of single lone
bulls encounter.

To determine the number of muskoxen in the study area, only the adult muskoxen sightings
recorded on transect were analyzed using Jolly’s Method 2 for unequal sample sizes (Jolly 1969)
using a coefficient limit of 95%. Such methodology was previously used for the survey of
Boothia Peninsula in 2006. The population estimates for fixed-width strip sampling using Jolly’s
Method 2 for uneven sample sizes (Jolly 1969; summarized in Caughley 1977) are derived from
the following equation:

Where Y is the estimated number of animals in the population, R is the observed density of
animals (sum of animals seen on all transects Y; y; divided by the total area surveyed); z;), and
Z is the total study area. The variance is given by:

Var(7) = NN =n)

(s2 — 2Rs,y, + R%sZ)
Where N is the total number of transects required to completely cover study area Z, and n is
the number of transects sampled in the survey. 53% is the variance in counts, s2 is the variance in

areas surveyed on transects, and s,,, is the covariance. The estimate Y and variance Var(Y) are

calculated for each stratum and summed. The Coefficient of Variation (CV = 6/Y) was calculated
as a measure of precision.

Density, the number of muskoxen per unit area (muskox/km?), will be determined using the
number of adult muskoxen seen on transect divided by the total area of the study area. Lakes
and stream areas will be not subtracted from the total area calculations used in muskox density
(Statistical analysis based on Campbell and Setterington (2001)).

The area occupied by muskox and the time of the survey within the study area was determined.
Thus, the distribution of muskox was illustrated by plotting each muskox sighting on and off
transect, based on their precise geospatial position captured with GPS. In addition, the number
of animals composing each group was highlighted using an increasing size of circles to
represent groups of 0-1, 2-7, 8-11, 12-15, and 16-19 animals.

Given the importance of predators, Polar bear (Ursus maritimus) and Arctic Wolf (Canis lupus
arctos), we collected standardized information of predator sightings in the management units
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using the predator index (Heard, 1992). The predator index reports all predator sightings per
species against the total number hours flown, also including the ferry time in this case. It is then
possible to have a yearly trend, as the number of predators observed is expressed per 100

hours for this particular time of the year.

Results

The survey was conducted out of the community of Taloyoak from August 07" to August 12,
2017. The management unit was surveyed in 40 hours, including on transect and ferrying flights
from Taloyoak airport to the start of the transect lines. Low ceiling and fog prohibited the ability
to survey continuously from the North to the South of the study area. Therefore, some sections
were left to be completed at a later time, when the weather was permitting. The sedentary
muskox behavior (Adamczewski et al., 1997) reduces the probability that an individual will

move any great distance within the short survey time frame.
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Figure 3: Daily tracks completed to cover 20% of the muskox management units MX-08 from August 7™

to 12",



Distribution
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The adult muskox distribution in the management unit is represented in Figure 5 below. During
the survey, 170 groups of muskox were seen on and off transect. The large groups of muskox,
16-19 adult animals, were distributed from Cape Farrand to Abernethy Bay within 40 km from
coast. Additional muskox aggregations were found around the Wrottlesley River valley in the
small portion of the southwest by the Victoria Island lowlands. Very few groups were located at
high elevation (594 meters) in the central north part of the Peninsula, as muskoxen appeared to

avoid the Boothia Peninsula Plateau

. It was the first time that muskox observations was

recorded south of Cape Cambridge, now reaching close to Acland Point at their southernmost

distribution.
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Figure 4: Muskox distribution on and off transect in the management unit MX-08 during the survey
where the number of animals per group was grouped as 0-1, 2-7, 8-11, 12-15, and 16-19.

Group Characteristic
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During the survey, 139 groups of muskox were recorded on transect, where 26 were single lone
bulls. The majority of the groups (41%) were very small groups of 2 to 7 adults (Figure 5). The
average number of adults (+1 year and older) per group was 5 * 4.45 (S.D.) where calves were
not included in the group size. The highest number of adults counted in one group was 19.

100 -
90 -
80 -
70 ~
60 -
50 -
40 +
30 -
20 -
10 -
0 T T . . .
0-1 2-7 8-11 12-15 16-19
Group size

Frequency of occurence (%)

Figure 5: Frequency of occurrence (%) of adult muskox number per group size, grouped as follow 0-1, 2-
7,8-11, 12-15, and 16-19.

Nonetheless, the calf to adult ratio was determined for each group of muskox seen on transect.
Since the identification was done from a fixed-wing, it was impossible to distinguish the sex of
the adult or yearling based on the horn shape and length. Close to half the group seen (45%)
did not have any calves. For the group that had calves, most of them had at least one calf, but
some larger groups had up to 4. Most of the groups that had a larger proportion of calves were
located north of the Boothia Peninsula, south of Murchison Promontory and west of Cape

Farrand, and in the Wrottlesley River valley (Figure 6). The overall proportion of calves to adults
was 14%.
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Figure 6: Proportion of calves per adult muskox in each group observed on transect in the Muskox
Management Unit MX-08.

The percentage of the overall cover of the management unit surveyed with 8,317 km?
represented 20% of the total study area (43,238km?). During the survey, 702 adult muskoxen
on transect were recorded. The estimated number of muskox in the management unit MX-08,
totaled 3,649 + 316 (S.E.) (p<0.005, t = 1.676, N = 184 and n = 46). For this estimate, the total
number of transect at 100% coverage was 184 (N) and 46 (n) transect lines were surveyed
(Table 2). Overall, the muskox density of the management unit was 0.084 muskox/km?.

Table 2 Muskox estimate in the Muskox management Unit MX-08

Area Totalarea  Muskox Estimate  Standard 95% CL cv
Survey (km?) on error (%)

(km?) Transect (S.E.)

8,317 43,238 702 3,649 316 530 0.09

* p<0.005, t = 1,676, N = 184 and n = 46

11
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Predator sighting (wolves, polar bear and grizzly bear)

In 2017, during the 40 hours of flying within the management unit, 2 wolf and 7 polar bear
sightings were recorded. The wolves were found on the southern part of the study area; 1 wolf
west of Josephine River and south of Netsilik Lake where four wolves constituted the pack.
These two locations were overlapping with caribou sightings (Figure7). Being located between
two polar bear management units, the M’Clintock Channel and the Gulf of Boothia, it was
probable to observe polar bears. Indeed, 1 female and two cubs were observed on the Cape
Hobson and a lone adult was seen a few kilometers inland off the shore of M’Clintock Channel.
The remainder of the sightings were on the Gulf of Boothia, with seven polar bears and a
female with a pair of cubs observed between Abernethy Bay and Mary Jones Bay. No grizzly
bears were seen during the survey. Predator sightings, using the predator index, (Heard, 1992)

reveled 13 wolves/100 hours and 25 polar bears/100 hours.
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Figure 7: Locations where Polar Bears and Wolves were observed in the Muskox Management Unit MX-

08 in relation to caribou distribution.
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Discussion

Distribution

Despite the fact that traditional knowledge indicates that muskox inhabited the Boothia
Peninsula long ago, it is common knowledge that muskox were not found in this management
unit in the 1980s (Gunn & Dragon, 1998). Early in the 1990s, muskox started to move south of
Somerset Island colonizing the northern part of the Peninsula, where their distribution
remained consistent for a decade (Dumond, 2007). In 2017, although the majority of the
muskox were still located north, they re-colonized most of the Peninsula reaching a new
southern limit. Favorable environmental conditions and adequate forage, low number of
predator (no grizzly bear) would have either contributed to increase the immigration rate or
herd productivity. Muskox are now found in close proximity to the community of Taloyoak, as
far south of Arcland Point, which can provide new harvesting opportunities. If these muskoxen
are from the Arctic Archipelago, a subspecies genetically and morphologically distinct from the
mainland muskox, it will be interesting to track their expansion and monitor the exchange
between these two subspecies once their ranges overlap.

Group Characteristic

The number calves represented 14% of the total number of adult muskox observed on transect.
This ratio is normally associated with a population that would be increasing, since it has been
establish that a calf recruitment rate of 10.5% is necessary to keep the muskox population
stable (Freeman, 1971). Since the calf ratios have known to vary greatly between years, long
term data is needed in order to determine a trend (Reynolds, 1998).

Small groups of muskoxen was characteristic of the Boothia Peninsula, with an average group
number of 5 + 4.45 (S.D.), which is consistent with the mean group size of 6 established in 2007
(Dumond, 2007). Comparatively to King Williams Island where the muskoxen are known to
increase in number rapidly, larger groups, 13 + 8.40 (S.D.), were observed at the same period of
the year (Leclerc, 2015).

Abundance Estimate

The extent of the harvest zone MX-09 remained relatively the same after the creation of MX-08
when each muskox management unit in Nunavut was reviewed in 2015. The major change, is
that the new unit, now called MX-08, did not include the southern portion of Somerset Island,
but starts at the northernmost coastline. This similarity allowed the 2017 study to be compared
with previous population estimates.

13
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Surveys of the Boothia Peninsula have occurred sparsely since the 1980s. In 1985, during a
survey, no muskoxen were seen. Local knowledge has indicated that the presence of disease or
parasites caused an abrupt decline in the muskox number. It is only in 1995 that muskox started
to re-colonize the area and resulted in an initial population estimate of 554 + 205 SE. The
community members of Taloyoak mentioned a consistent increase in the muskox number. This
observation triggered a second survey, in 2007. This survey confirmed the local knowledge and
the muskox numbers were then estimated at 1,058 + 198 SE. Recently, with this continuous
increase, muskox have been recorded to be close to the community of Taloyoak and they would
like to re-adjust the Total Allowable Harvest. In 2017, the estimated number of muskox reached
3,649 + 316 SE, which is the highest number to date. There will likely be a recommendation for
the NWMB to consider an increase to the current harvesting rate after consultation and
discussion with the Hunter and Trapper Organization in the affected community of Taloyoak.
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4,000 -+
3,000 -+

2,000 -+
1,058

Estimate number of muskox

1,000 -+ 554

0 1 4 T T T T T T T
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Figure 8: Muskox population estimate for MX-08.

Density

Muskox density was 0.084 muskoxen / km? on the Boothia Peninsula. In this management unit,
the muskox has a density higher to the overall density on Victoria Island, 0.074 muskox / km?,
but is lower to that of King William Island where the muskox population has also increased
(0.1123 muskox/km?) (Leclerc, 2015). The mechanism driving muskox density is still not fully
understood. Heard (1992) noted that group size in not generally related to muskox density.
These qualitative comparisons between areas, highlight that density might fluctuate spatially
and temporally.

Predator sighting (wolves, polar bear)

The number of known muskox predators was minimal. Only two wolves were observed, and at
close proximity of caribou, their main prey. Wolf predation on muskoxen is common, with packs
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or single wolves observed following and killing muskox. No Grizzly bears were found on the
Boothia Peninsula. The relatively low abundance of predators would benefit calf recruitment
and female survival, promoting an increase in the population. 25 polar bears 100 hours were
seen, but polar bear are known to feed on a mainly marine based diet and are not known to
predate on muskox and should not contribute to regulate muskox population.
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* MX-08, last estimatein 2006 was 1,100 A
muskoxen, with 158 adults ontransect. y __>"'

Concerns, muskox-caribou interaction.

Muskox distribution and abundance
Muskox Management Unit, MX08,
Boothia Peninsula

Taloyoak HTO

Lisa-Marie Leclerc
‘Government of Nunavut
Department of Environment

June, 2019

Monitoring MXO08- population estimate

Survey completed inAugust 05 to August 13,
2017
702 adultscounted ontransect.
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Predators Managements- Discussion

What is the HTO’s management objective?
Are all tags being filled?

What is the community need?
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Smith, Caryn

From: Jimmy Oleekatalik <taloyoak@krwb.ca>
Sent: April 29, 2019 6:50 PM

To: Leclere, Lisa-Marie

Cc: England, Kate; Methuen, Kevin; Smith, Caryn
Subject: RE: MX08 consultation- accomodation

Hi Lisa,

The Board is in agreement with the 275 for musk-ox tags. If you need more information please let me know.

Best regards,
Jimmy Oleekatalik,
Manager, SBHTA

From: Leclerc, Lisa-Marie <LLeclerc@GOV.NU.CA>

Sent: Monday, April 29, 2019 1:59 PM

To: Jimmy Oleekatalik <taloyoak@krwb.ca>

Cc: England, Kate <KEngland@GOV.NU.CA>; Methuen, Kevin <kmethuen@GOV.NU.CA>; Smith, Caryn
<CSmith@GOV.NU.CA>

Subject: MX08 consultation- accomodation

Hi Jimmy,

The Government of Nunavut, Department of Environment, discussed on the possibility to accommodate the
recommendation of the HTO in having an increase of the harvesting rate of the muskox population MX08 of more than
6%.

With the comments of the HTO and the community members, we can support an additional increase with a
recommendation of 7.5% / 275 animals as this seems reasonable by way of being: aligned with the HTO proposition,
community comments, population increase, meeting increased demand for tags, while also reducing risk of meat
wastage/wounding animals which is a current problem with the caribou.

Please let me know if the board support this recommendation.

All the best,

Lisa
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Executive Summary

The muskox in the West Kugluktuk management unit MX-09 are the westernmost indigenous
muskoxen in North America. A systematic strip transect survey took place in August 2017 to
determine the muskox abundance and distribution in this management unit. A total of 8,591
km? were flown, representing 16% coverage of the study area of 53,215 km?. During the
survey, 87 adult muskoxen were recorded on transect resulting in an estimated number of 539
+ 150 (S.E.). The population in MX-09 has been mostly stable since 1994, and the survey results
are consistent with local observations. The muskox distribution does not appear to have
changed from the observed historical distribution. Muskoxen have taken advantage of the
wetter and lower-lying areas in the Rae-Richardson River Valley that is within the proximity of
uplands, providing them with suitable forage and a refugee from predators. The calf to adult
ratio was 38 calves/100 adults and the average number of group, excluding calf, was small, 6.21
+ 6.6. (S.D.). Muskox density in MX-09 was the lowest density within the Kitikmeot region with
0.010 muskox / km? since 2013. The next survey of this area is planned to be completed no
later than 2023 in order to review the harvest quota.
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Muskox Management Unit, MX-09

Introduction

During the last century, muskox on the upper Rae-Richardson River Valley were able to persist
on the landscape while the species was nearing extirpation (Barr, 1991). This small pocket of
muskox was known as the population of the North of Great Bear Lake. This population
increased in numbers allowing for a small harvest quota to be established for Kugluktuk (6 tags)
and Paulatuk (8 tags) (Urquhart, 1980). The muskox population of the North of Great Bear Lake
kept growing, giving rise to the muskox population of the Rae-Richardson River watersheds,
which was recently renamed the West Kugluktuk muskox management unit, MX09.

The muskoxen of the West Kugluktuk management unit are the westernmost indigenous
muskoxen in North American, and represent the muskox population with the longest
monitoring effort representing over 80 years of monitoring (Kelsall et al., 1971). Based on
comparable systematic population surveys, this population peaked in 1988 before it
plummeted and remained stable with around 550 animals between 1994 to 2007 (Gunn, 1995;
Dumond, 2007). Even if this population is subject to year-round hunting by the community of
Kugluktuk, the quota has been limited and enforced to 20 tags. It is known that harvesters do
not fill this limit annually, since there is general local knowledge that these muskoxen are “sick”
and found in few numbers (Kugluktuk HTO, pers. comm.). In the 1990s, the discovery of a
lungworm parasite (Umingmakstrongylus pallikuukensis) was found to be an attributable factor
to the decline of the population (Gunn, 1995, Kutz, 2000). Although the effect of this parasite
on the muskox population dynamics is not fully understood, this lungworm is known to
decrease the respiratory capacity of the individual muskox thus making it more vulnerable
when being chased by a predator.

The Rae-Richardson Rivers Valley area constitutes a rich habitat for predators, as it sustains
wolf (Canis lupus arctos), wolverine (Gulo gulo), and grizzly bear (Ursus arctos horribilis).
Potential increases in grizzly bear could suggest that this predator is exercising a greater
pressure in inhibiting the muskox population growth (Gun, 1995). However, a recent study
shows that the grizzly bear’s diet contains a large proportion of small tundra herbivores (e.g.
ground squirrels). On the other hand, muskox represents an important food source for wolves
and wolverines (L'Herault et al., 2016). People and predators both depend on muskox and have
always co-existed on the landscape. Under Inuit natural laws, all living things should be
respected as well as the role they play in the ecosystem. This concept is referred to, by elders
and hunters, as Maligaits (L'Herault et al., 2016).
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Since caribou herds in this region of Nunavut are declining in numbers and are becoming harder
to harvest, harvesters are seeking alternative sources of meat, such as muskox, to address
issues around food security. In addition to the conservation and recovery of this small size
population of muskox, the preservation of harvesting rights should be considered a priority for
future management and for maintaining food security. This task would be difficult to achieve
without re-assessing the muskox population of MX-09, and revisiting the Total Allowable
Harvest (TAH) This project aims to provide an update of the muskox population, MX-09 and
provide updated TAH recommendations. Consistent with other muskox surveys, the Nunavut
wide monitoring approach was used. This scientific information will be provided in balance with
Traditional Knowledge to review existing management strategies and promote a sustainable
harvest of muskox.

Objectives

This project aims to address the concerns and requests of Inuit hunters, as well as to provide up
to date scientific information for management purposes. Therefore, the main objectives of this
study are:

1. Determine the estimated number of muskox;
2. Determine muskox distribution and density;
3. Determine calf:adult ratio and group size.

By achieving the objectives of this project, it will be possible to have better information on
current muskox abundance and distribution in the muskox management unit MX-09.
Information on group structure, calf production, group size and density, are essential to gain
insight on the relationship between these variables and population dynamic.

Materials and Methods

Study Area

The study area is the muskox management unit MX-09, also called West Kugluktuk
management unit. The boundaries for this area are to the west and south, the Nunavut
boundary with the Northwest Territories and, to the north, the coast line of the Dolphin and
Union Straight. Muskox management unit MX-09 is separated to the east, from the adjacent
muskox management unit MX-11, by the Coppermine River.

This area is part of the Southern Arctic Ecozone, transiting following the latitudinal gradient
from the boreal forest around Great Slave Lake to the tundra. In this subdivision, two terrestrial
ecoregions are found, the Takijug Lake Upland and Coronation Hills regions (Environment
Canada, 1995). In the south of the subdivision, it includes; the edge of the tree line, eskers,
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rocky barrens, with lakes going through the landscape to provide a physical uniqueness. The
taiga forest is present, but restricted to a locally warm and dry place with scattered stands of
spruce. The taiga changes to northward vegetation covers, which are dominated by sedge
meadows and shrubs, such as dwarf birch, willow mixed with various herbs, lichens, and
mosses. The entire eastern boundary of the study area is characterized by vegetated rock
outcrops that are common on the Canadian Shield (Environment Canada, 1995). To the North,
the Coronation Hill region prevails. The relief of the lower Coppermine River valley and coast
line is characterized by weather-worn plateaus and south facing hill systems. These topographic
features along with the climate, influence the biotic processes differently. Plant cover becomes
discontinuous to null at higher elevations, on dry exposed sites, and on the low profile sand
dunes boarding the coastline north of the Bluenose Lake.

Survey Area

Prior to survey, no reconnaissance survey was undertaken to maximize the coverage area
investigated. Instead, anticipated muskox distribution patterns were obtained from past ground
surveys, hunter observations, and Inuit Traditional Knowledge/Inuit Qaujimajatugangit (1Q).
Since it was reported that muskox groups are still found in low numbers across MX-09, the
whole management unit was surveyed at 16% coverage with not strata of different effort
allocation (Figure 1).
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Figure 1: Transect lines of the muskox management units MX-09 representing 16% coverage of the area.

To increase the precision of the survey areas, ESRI’'S ArcGIS software with an adapted survey
design tool was used to randomly plot the transect lines until desired percentage of coverage
was archived. The tool allows the user to determine the precise number of transects and the
distance between each transect line required in function of the transect strip width and the
total area of the management unit. Orientation of the transect lines within the stratum was
determined in function to have the most homogeneous and shorter transect line length under

the assumption that muskox groups are randomly and uniformly distributed on the landscape
(Figure 1).

Table 1, below, summarizes the total area, the percentage of cover, the total number of kms of
transects of different length, the number of lines, the resulting distance between each transect
line and the orientation of the transect line. In sum, the management unit, MX-09, of 53,215
km? was surveyed with a total of 5,237 km of transect lines, which represented 31 transect lines
of different length at a spacing of 8.5 km (Table 1).
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Table 1 Characteristic of the study area and the transect lines per stratum in the Management
Unit MX-09.

Stratum Totalarea Percentages Totaltransect Number Distance between  Orientation
(km?) (%) lines (km) of lines  transect line (km)

MX-09 53,215 16 5,237 31 8.5 North-South

Aircraft configuration

A systematic transects line survey was flown with a fixed-wing single engine turbine aircraft, a
grand caravan. The transect lines were surveyed at a speed of 160 km/hr and the survey
altitude of about 121 meters, which was mostly maintained following the relief of the study
area using a radar altimeter. The pilot responsibilities were to monitor this air speed and
altitude while following the pre-programmed transect on a Geographic positioning system
(GPS). The strip transect was 800 meters on each side of the aircraft, for a total transect width
of 1.6 kilometers. The pre-determined transect width of 800 meters was set on each wing
based on calculation using the formula of Norton-Griffiths (1978) and others (Gunn and
Patterson 2000; Howard 2011).

7

Wing strur

Figure 2: Schematic diagram of aircraft configuration for strip width sampling North-Griffiths (1978). W
is marked out on the tarmac, and the two lines of sight a’-a-A and b’-b-B establish, whereas a’- and b’
are the window marks.

w= W*h/H
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Where, W= the required strip width; h= the height of the observer’s eye from the tarmac; and
H= the required flying height.

The entire survey was set up with an observer/recorder crew: two recorders, one left side
observer and one right side observer. Each left and right side observers and the recorders were
divided into a team. Observers were responsible to continuously search for and count muskox;
the number of calves (5-6 months old) were counted when they were conspicuous while on
transect. No sex and age classification counts were systematically attempted. The data
recorded include the number of muskox and GPS location. Only counts of adults were used in
the final population estimate. Even if this survey focused on muskox, additional sightings of
other species were also recoded, such as caribou, grizzly bear, wolverine, and wolf.

Analyses

As this survey focused mainly on obtaining an estimated number, only unambiguous
classification criteria were used to determine the number of calves and adults. The group was
then broken down into adults (female/male) and calves (Howard 2011). The flying height and
speed did not allow for accurately distinguishing male from female muskox in a group from
horn size. Therefore, the proportion of calves per female cow was not determined, and no
information on the recruitment or productivity was generated. The group structure was
however described such as calf crop, mean group size, and the number of single lone bull
encounter.

To determine the number of muskox in the study area, only adult muskox sightings recorded on
transect were analyzed using Jolly’s Method 2 for unequal sample sizes (Jolly 1969) using a
coefficient limit of 95%. Such methodology is commonly used in calculating the muskox
estimate in other management units in Nunavut. The population estimates for fixed-width strip
sampling using Jolly’s Method 2 for uneven sample sizes (Jolly 1969; summarized in Caughley
1977) are derived from the following equation:

Where Y is the estimated number of animals in the population, R is the observed density of
animals (sum of animals seen on all transects Y; y; divided by the total area surveyed); z;), and
Z is the total study area. The variance is given by:

N(N —n)

Var(Y) = -

(s2 — 2Rs,y, + R*s?)
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Where N is the total number of transects required to completely cover study area Z, and n is
the number of transects sampled in the survey. sf is the variance in counts, sZ is the variance in

areas surveyed on transects, and s,,, is the covariance. The estimate Y and variance Var(Y) are

calculated for each stratum and summed. The Coefficient of Variation (CV = 6/Y) was calculated
as a measure of precision.

Density, the number of muskox per unit area (muskox/km?), will be determined using the
number of adult muskox seen on transect divided by the total area of the study area. Lakes and
stream areas will be not subtracted from the total area calculations used in muskox density
(Statistical analysis based on Campbell and Setterington (2001).

The area occupied by muskoxen and the time of the survey within the study area was
determined. Thus, the distribution was illustrated by plotting each muskox sighting on transect
based on their precise geospatial position captured with GPS. In addition, the number of
animals composing each group was highlighted using an increasing size of circles to represent
groups of 0-1, 2-7, 8-11, 12-15, and 16-19 animals.

Given the importance of predators, Arctic wolf, wolverine, and grizzly bears, we collected
standardized information of predator sightings in the management units using the predator
index (Heard, 1992). The predator index reports all predator sighting per species against the
total number hours flown, in this case also including the ferry time. It is then possible do have a
yearly trend, as the number of predators observed is expressed per 100 hours.

Results

The survey was conducted out of the community of Kugluktuk from August 25" to August 30"
2017. The management unit was surveyed at 16% coverage, which was surveyed in 51 hours,
including on transect and ferry flight from Kugluktuk airport to the start of the transect lines.
Low ceiling and fog prohibited the ability to survey continuously from the west side to the east
on the management unit. Therefore, some sections of the coastline were left to be completed
at a later time, when weather was permitting. The sedentary muskox behavior (Adamczewski et
al., 1997) reduces the probability that an individual moves a significant distance within the
short survey time frame.
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Figure 3: Daily track flown to cover 16% of the muskox management units MX-09 from August 25" to
30™.

Distribution

The adult muskox distribution in the management units is represented in the Figure 5 below.
During the survey, 18 groups of muskoxen were seen on and off transect. The large groups of
muskoxen, 16-19 adult animals, were distributed mostly north of Dismal Lake, and 25 km from
the coast south of Stapylton Bay. Most muskoxen sighted were found between Emagyok Lake
and Dismal Lake in the Rae-Richardson River Valley. No muskoxen were seen on the west side
of the management unit, or around Bluenose Lake.



Muskox Management Unit, MX-09

O e e Kilometers
012.525 50 75 100

Figure 4: Muskox distribution, on and off transect, in the management unit MX-09 during the survey
where the number of animals per group was grouped as 0-1, 2-7, 8-11, 12-15, and 16-19.

Group Characteristic

During the survey, 14 groups of muskoxen were recorded on transect, and seven groups were
single muskox, mostly lone bulls. The majority of the groups (58%) were small groups of 2 to 11
adults (Figure 5). The average number of adults (+1 year and older) per group was 6.21 + 6.6
(S.D.). The highest number of adults counted in one group was 18. Calves were not including in
the group size, but in the calf to adult ratio.
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Figure 5: Frequency of occurrence (%) of adult muskox number per group size, grouped as follow 0-1, 2-
7,8-11, 12-15, and 16-19.

The calf to adult ratio was determined for each group of muskox seen on transect. Since the
identification was done from a fixed-wing, it was impossible to distinguish with certainty the
sex of the adult or the group age based on the horn shape and length. A little more than one
third of the groups seen (36%) had calves. For the group that had calves, most of them had at
least one calf, but some larger groups had 12 and where distributed mostly in the Rae-

Richardson River Valley (Figure 6). Thus, the calf to adult muskox ratio was 38 calves/100
adults.
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Figure 6: Proportion of calves per adult muskox in each group observed on transect in the Muskox
Management Unit MX-09.

Estimate

The percentage of the overall cover of the management unit surveyed with 8,591 km?
represented 16% of the total study area (53,215 km?). During the survey, 87 adult muskoxen on
transect were recorded. The estimated number of muskox in the management unit MX-09, is
539 + 150 (S.E.) (p<0.005, t = 1.696, N = 132 and n = 31). For this estimate, the total number of
transect at 100% coverage was 132 (N) and 31 (n) transect lines were surveyed (Table 2).
Overall, the muskox density of the management unit was 0.010 muskox / km?.

Table 2 Muskox estimate in the Muskox management Unit MX-09

Stratum Area Totalarea  Muskox Estimate  Standard 95% CL cv
Survey (km?) on error (%)
(km?) Transect (S.E.)
MX-09 8,591 53,215 87 539 150 255 0.28

* p<0.005,t=1,696, N =132 and n =21

11
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Predator sighting (wolf, wolverine, and grizzly bear)

In 2017, during the 51 hours of flying within the management units, 6 wolves, 2 wolverines, and

26 adult grizzly bear sightings were recorded (Figure7). The wolves (blue dots) were found on

the southern part of the study area, south of Dismal Lake, meanwhile the wolverines (yellow

dots) were along the coast or between Bluenose Lake and Emagyok Lake. Grizzly bears (red

squares) were found dispersed in the study area in 24 different locations. Among them, one

group was composed of a female and cubs and two other groups were composed of a female

and two cubs. Predator sightings, using the predator index, (Heard, 1992) reveled 12 wolves /

100 hours, 4 wolverines / 100 hours, and 51 grizzly bears / 100 hours.
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Figure 7: Locations of Wolf, Wolverine, and Grizzly Bear observations in the Muskox Management Unit

MX-09.
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Discussion

Distribution

Historically muskoxen were abundant in the area of Dismal Lake, and in the 1950s-1960s few
muskoxen were seen in the Bluenose Lake area (Kelsall et al., 1971). No muskoxen were
observed around Bluenose Lake in 2017. In 2007, the majority of the muskox observations on
and off transect were north of Emagyok Lake (Dumond, 2007), whereas in 2017 most of the
muskoxen were distributed south of the same lake in the Rae-Richardson River Valley, which is
typical of muskox suitable summer habitat characterized by a wetter and lower-lying area
within the proximity of uplands (Danks and Klein, 2002). Thus, the difference between the 2007
and the 2017 muskox distribution suggests a summer movement away from the coastal plain.
Such change in distribution could be explained by the specific time that the survey was
completed, June versus late August. Muskox have potentially moved their main distribution
slightly to the south and this might be due to a change in the aridity of the soils that influenced
the foraging conditions and due to the proximity the upland serves as an escape terrain from
predators. The use of summer areas may vary from year to year and within the season.

Group Characteristic

The small group sizes encountered, 6.21 + 6.6 (S.D.), during the survey is attributable to the
timing in which the work was completed. After the peak of the rut, in mid-August, the herds are
still small and have not started to merge into the larger wintering herds. They are then easier to
count. The small herds are the result of competition within herds to access the rich forage of
the Rae-Richardson River Valley. Bulls tend to be solitary, which explains the number of solitary
muskox seen during the survey (7 groups of solitary muskox) (Gunn, 1990). During mating
season, one strategy suggests that the bulls disperse to ensure less contested breeding
opportunities, reducing the cost of combat between adult bulls.

The calf to adult muskox ratio was 38%. This ratio is normally associated with a population that
would be increasing, since it has been established that 10.5% of calf to adult ratio is necessary
to keep the muskox population stable (Freeman, 1971). Since the calf ratios have been known
to vary greatly between years, longer term data is needed to determine a trend (Reynolds,
1998).

Density

The mechanism driving muskox density is not fully understood. Heard (1992) noted that group
size is not generally related to muskox density. In this management unit, a vast area to the west
of the management unit does not seem to be utilized by muskox that, at low muskox numbers,
drive the overall density down- 0.010 muskox / km?. The 2017 muskox density in the

13
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management unit MX-09 is the lowest muskox density recorded in the Kitikmeot Region since
intensive survey work started in 2013.

Abundance Estimate

The extent of this area remained relatively the same even after all the muskox management
units were re-delineated across Nunavut in 2015. For this management unit, small changes
included extending the delineation to reach the Northwest jurisdiction boarder to the west and
south. This relative similarlity between the old and new delineation allows the 2017 survey to
be compared to the previous population estimates.

During the muskox moratorium, the small number of muskoxen remaining on the upper Rae-
Richardson River Valley were able to increase in number on the north part of Great Bear Lake.
In 1980, the muskox population in the area was estimated to be 869+279 (S.E.) and the
successive survey, done three years later, recorded a continuous increase in the muskox
population of the Rae-Richardson Rivers watersheds with an estimate of 1,295 + 300 (S.E.)
animals (Gunn 1995; Fournier and Gunn, 1998). The peak of the muskox population in the area
was recorded in 1988, with 1,805 + 289 (S.E.). From the three consecutive surveys, in 1980,
1983, and 1988, the number of tags increased respectively from 12, 35, to 50. In 1994, muskox
abundance in this area plummeted to 540 + 139 (S.E.) muskoxen and remained relatively stable
based on the subsequent survey conducted in 2007 with a population estimate of 589 + 121
(S.E.) muskoxen (Gunn 1995; Dumond, 2007). The latest estimate of 2017 with 539 + 150
muskoxen show that this population has remained stable. This current status is supported by
the observations of hunters.

Since 1994, the muskox population has remained relatively stable and the number of tags has
also remained consistent with 20. Environmental factors such as predators, forage quality and
guantity, diseases, and harvesting might have contributed to the stabilization of the muskox
population in this management unit. Ongoing and more frequent population monitoring,
carried out every 5 years, might allow for early detection of signs of recovery in the herd
through indicators of population growth. Information provided in this report should guide
future muskox surveys in allocating the survey effort proportionally with the distribution of
muskox. This will help to produce a more precise estimate.

14
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Figure 8: Muskox population estimates for MX-09.

Predator sighting (wolves, wolverine, grizzly bear)

Wolves and wolverines are muskox predators and are found in the study area and pose an
additional cause of mortality that might affect the muskox population to a greater extent in the
future. Although the number of grizzly bear sightings (51/ 100 hours) is greater than the other
two predators (12 wolves / 100 hrs and 4 wolverines/ hours), their impact on influencing the
muskox dynamics might be disproportional to their number, since their diet mostly consists of
small tundra herbivores (e.i. ground squirrels) (L'Herault et al., 2016). However, the grizzly bear
has adapted to their tundra environment and have maximized of available food sources. Local
community members have observed novel grizzly bear hunting strategies which involve chasing
the herd to break the calf-cow pair and then sit there to attract the lost muskox calf, as the
muskox calf is attracted by the darker silhouette. The community members are however more
concerned about the predation effect on caribou, than the effect of these predators on the
muskox.
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Figure 7: Locations of Wolf, Wolverine, and Grizzly Bear observations in the Muskox Management Unit
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Kugluktuk Angoniatit Association @ Hunters’ & Trappers’ Organization
4 = PO Box 309, Kugluktuk NU XOB OEO e Phone: (867) 982-4908 Fax: (867) 982-5912
/ Email: kugluktuk@krwb.ca

NUNAVUT WILDLIFE MANAGEMENT BOARD
3rd Floor Allavik Building

P.0. Box 1379, Igaluit, NU, X0A OHO

Phone: (867) 975-7300

Fax: (888) 421-9832

E-Mail: tsataa@nwmb.com

NWMB Regular Meeting 002-2019

Please accept this document, Kugluktuk Angoniatit Association Bluenose East Community

Caribou Management Plan for decision/approval.

Kugluktuk Angoniatit Association representatives will be present at the Regular Meeting in
Ottawa on June 19, 2019.

Thank you,

Amanda Dumond

Manager
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ATANGUYAULLUAKTUK ATANGUYANI ATANIK TITIKGAKGAIKHIMAYAIT HAVAKHAUTIT
NAUNAITKUTAT

Tahapkununa havakhautit munakgiyauyukhanik pangnattauyukhanik havakhikhimayunik
tahapkunanga Kugluktuk Angoniatit Katimayit, Kavamat talvani Nunavut uvanilu Nunavut
Tunngavik Katimayit.

KAUHIMAYAUVAKTUNIK HULI

Tahapkuat Kugluktuk Angoniatit Katimayit pidjutiplumaplugu kuyakgiyumaplugu tamna Cheryl
Wray, Nunavut Tunngavik Katimayit tamnalu Lisa-Marie Leclerc, Kavamat talvani Nunavut,
pidjutivakhimayuk ikayukhutik mikharut aullaktikgutikhanik tahapkununa pangnattauyukhanik.

Kitikmeot Inuit Katimayit pivakhimayut ilauvakhimayut aiyuukiktuihimavaktunik pilihalliktilugit
havagiyaulikgungullikgamik aullaktikhimayunik mikharut pangnattauyukhanik.
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TITIKGAKHUGU NAUNAITKUTARGIPLUGU ILITUKGIDJUUTAUTIT

ACCWM

Tutkikhaiyit Katimayit mikharut Havakatigiknikmun Anguutinut Havakhautikhanik

Munakgiyauyukhanikiu

BNECH
COSEWIC

Ahiakmiutanik Kivatani Ammihuakyunik

Katimayit mikharut Naunaitkutauvaktunik Nallautakguttauvaktunik tahapkuninga

Nirgitaikpalliayunik Pikpaliayunik Anguutinik talvani Kanatami

DOE
ENR
GN
GNWT
HTO
KIA
KRWB
NA
NTI
NQL
RWO
TAH
TK
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Havakvit talvani Nunalikiyit, Kavamat talvani Nunavut

Nunalikiyit talvanilu Anguhikiyit, Kavamat talvani Tunungani Nunatsiami
Kavamat talvani Nunavut

Kavamat talvani Tunungani Nunatsiami

Anguniaktit imalu Nanirgiaktukpaktunik Katimayit

Kitikmeot Inuit Katimayit

Kitikmeot Nunatuttukanik Anguhikiyit Katimayit

Nunavut Angiutauvaktunik

Nunavut Tunngavik Katimayit.

PIKANGITUNIK-Kufiutilanginik Naunaitkutak Nungumanginik Kangilimaitunik
Nunatuttukanik Anguhikiyit Katimayit

Tamakpianganut Pidjutautaaktunik Angunnahuaknikmun

Ingilgangnitanik Pitkuhiktukpaktunik Kauhimayuttukanik



TUKLIA-HAVAKHAUTIT MUNAKGIYAUYUKHANIK PANAARIT IMALU
HAVAGIYAUYUKHANIKLU

KUGLUKTUK ANGONIATIT KATIMAYIT tahapkuat Kugluktuk HTO piyukhauyunik pilutik
havagiyauyukhanik tutkikhainikmun mikharut TAH; katitikgiyukhanik mikharut TK;
havakhautikhanik munakgiyauyukhanik; malikgakhaniklu tahapkunani katimakatigiktukhanik
uvunalu havagiyauvaktukhaniklu ungniguutinakpaktukhanik havakhautikhanik mikharutlu
malikgakhanik talvaniktunik Nunavutmi Angiutauvaktunik; utiutifaakpaktunik uvunalu
nuttanguktiklugit kakungukgaikpat pangnattauyukhanik pidjutikariakaktunik
havagiyauhainaktukhanik uutakiukgutinaitumiklu.

NUNAVUT TUNNGAVIK KATIMAYIT piyukhauyunik pilutik havagiyauyukhanik tutkikhainikmun
mikharut havakhikariakaktunik tamakpianginik havagiyauvaktunik itkumannahuaklutikiu
havatiaklutik talvani Nunavutmi Angiutauvaktunik. NTi pilutik havagilugit ikayuktauyukhanik
ihaagiahutigiyauyuniklu.

KITIKMEOT NUNALINGNILU ANGUHIKIYIT KATIMAYIT pitutik ikayutauyukhanik tahapkununga HTO.

KAVAMAT TALVANI NUNAVUT, HAVAKVIT TALVANI NUNALIKIYIT pHutik havagiyauyukhanik
mikharut nalukhanginamik havaktit naunalyainikmun hungnautilanginik naunaitkutakhanik
havakhautikhanik munakgiyauyukhanik; ataniktutaulutik ihiviukhinikmun naunaiyainikmun
hungnautilanginik kinikhianikmun; ikayutauyukhaniklui uniklutikhanik havakhikariakaktunik;
ikayutauyukhanik tukihigiarutinik uvunalu ikayutauyukhanik havakhikariakaktunik.
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1. PANGNATTAUYUKHANIK AULLAKTIKGUTIKHANIK

Tahapkununa kauhimadjutiplugit mikharut pangnattauyukhanik piyukhanik tahapkunani Kugluktuk
Angoniatit Katimayit piyukhanik havagiyauyukhanik angunnahuaktauvaktunik, havagilugit
nunalingni nallautakgutauvaktunik, pihimayunik havakhikhimayunik talvanitunik Nunavutmi
Angiutauvaktunik talvunakukhimayunik Uiwuak 5.7.3 “Tahapkunanilu Alungukuttakpaktuniklu
talvanitunik Hakugikhukhaaknikmun Naapkiyaulimaitutlu HTOs pilutik ilaulugit mikharut
malikgakhanik: (aah) havagitugit malikgakhanik angunnahuaknikmun havagiyauvaktunik
pitkuhiktukpaktunik imalu nalukhanginamik havagivaktamingnik tahapkunani inukatigikpaktunik,
ilauyunik atuktauvaktunik tahapkunani pikangitunik angunnahuaknikmun nirgitinut
nungumanginik kangilimaituniklu; (b) tahapkununalu tutkikhailugit pilugit havakhiktauiutik
nunalingni ihaagiahutigiyauvaktunik nallautakgutauvaktunitiu imalu tutkikhakhikhimayunik
ihaagiahutigivauvaktunik tahapkunani inukattigikpaktunik; (c) tahapkunani malikgakhainik
pikangitunik naunaitkutaitunik nunataaknikmun aviktuinikmun inukatigiknikmunlu, pikaktuniklunin
naliak ipiknakpiaktunik ihumadjutigilugit imalu ihumadjutigilugitlu, nalikmik avaakukhimayunik
nunalingni kauhimayauvaktunik ihaagiahutigiyauvaktunik natlautakgutauvaktunik imalu
tutkikhakhimayunik kauhimayauvaktunik ihaagiahutigiyauvaktunik nallautakgutauvaktunik;
uvunalu (d) tamatkiumannahuakhugit, mikharut havakhautikhanik munakgiyauyukhanik
angunnahuaktauvaktunik ingmingnut inukatigikpaktuniklu.”
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2. NIRGITIT HURAAT TUKIHIGIARUTINIK

Nunamiutanik tuktunik (Taryukmiutanik Tuktuktutainik Tunungani Rangifer tarandus
groenlandicus) inngniktukpargainik talvanitunik Nunatukanginik Nunavutmi talvanilu Tunungani
Nunatsiami. Tahapkuninga tuktutainik ilihimayauvaktunik taakuyauvaktunik aah avaatingnut
nungumanginik ungahiktummut pidjutivaktunik ammihuakyuvaktunik. Pilakivaktunik hila
malikhugu ingilgayanginik ivaavit atukpagainik imalu ilidjuhikgivakgainik alangukpaliangmut hila
nirgititlu tahapkunani ilikuaktunik ammihuakyuinik, alangayuniklu ammihuakyunik
ilitukgiyauvaktunik havagiyauvaktunik munakgiyauvaktunikiu. Una Thomas uvani (1969} mi
hivuliuvakhimayuk hivulikpakpianguyunik atikhautikhanik tamna atia “ Ahiamiutanik
ammihuakyunik Ahiakmiutanik ammihuakyunik” tahapkuninga tuktutainik uukivaktunik tunungani
waatanivyak tahapkunani tuktuinik uukivaktunik tununganivyak wuanivyaklu talvani Great Bear
Tahik ingayangit ivaavit tatvani nunani imalu ingniukvit talvani Bluenose Tahik. Uvani kitikuktunik
ukiunginik-1990s, havakhikhimayunik tuniyauvakhimayunik naunaitkutanik ihiviuktauvaktunik
nalvakhiuktauvaktunik ihiviugakhanik havagiyauvaktunik havakhikhimavaktunik akungainik uvani
havakhikhimayunik tuniyauvaktunik naunaikutakhanik pihimayunik tingmitukhutik
naunaiyainikmun naunaitkutakhanik havakhikhimayunik akungainik uvani 1966 talvanilu 1993,
pivakhimayunik havakhikhimayunik ilangunik itkumayunik havagiyauvaktunik pingahunik
ammihuakyunik tuktunik pilutiklunin paaikpalialutik talvani avaatingnut nungumanginikiu
tahapkuninga tuktunik tuktuikpalialuni kakugu talvani nunani avaatingnut nungumanginiklu
“Ahiakmiutanik ammihuakyunik” {Nagy et al., 2005). Tamna atigiyanik Ahiakmiutanik Kivatani
ammihuakyuinik pihimayunik havakhikhimayunik mikharut tuktutainik nunamiutanik
kufiutilanginik kanuklu gutluvait ilitukgiyauvaktunik hivituyumik hakugiktuklu atuktauvaktuk huli
aipaagungukgangut nunatuttukanginik uutifaakpagait ivaavit ingniukvit kivatani talvani Bluenose
Tahik (ACCWM, 2014; Nagy et al., 2011).

Tahapkununa kufiutilanginik nunamiutanik tuktutainik kufiutilangit ilihimayauvaktunik malikhugu
aah ammigaitunik ukiunik 60 nik atuktauvaktunik pitkuhiktukpaktuk nallautakgutauvaktunik cycle.
Pihimangmataah hivitunianik mikharut atuktauvaktunik pitkuhiktukpaktuk nallautakgutauvaktunik,
ingilgangnitanik pitkuhiktukpaktunik kauhimayauyukhauyut huli ipiknakpiakmataalu
ikayutauyukhanik tukihigiarutinik mikharut kaakugu atuktauyukhanik naunaitkutakhanik
kufiutilangnik nallautakgutauvaktunik pihimayunik pinnalimaitunik havakhikhimayunit
tahapkunanga upalungaikhimayunik pilgumikhimayunik tingmitikut havakhikhimayunik
ihiviukhinikmun naunaitkutakhanik. Mikharut ilidjuhikgiyanik, tamna havaktit ihiviukhinikmun
hunauyakhainik avaatainik naunaitkutakhanik havalikhimayuk munakgilikhugit tahapkuninga
Ahiakmiutanik Kivatani tuktutainik uvani havaktit umayulikiyit nalukhanginamik avakhautikhanik
havalikhimayunik munakgilikhugit Ahiakmiutanik Kivatani tuktunik uvani 2000 pivakhimayunik
ammihuakyunik nallautakgutauvakhimayunik tamakpianginik uvuna 120,000 tuktunik. Tahapkuat
nungumaagivakganik mikharut kufiutilanginik havakhikhimavaktunik naunaitkutanitunik
adjiliukhimayunik 122,697 nirgitinik 2010 hivuagut aah ikiikliyunik ilitukgiyauhimayut uvani 2013,
kanukgitilugit talvuna ammihuaktyuit nallautakgutauvaktunik kufiutilanginik 68,295 tuktunik.
Uvani 2015, tahapkuat kufiutilanginik pihimayunik nallautakgutauvaktunik kufiutilanginik 38,592
niritiniklu (Boulanger et al., 2016).
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Tahapkununa kilaminuak ikiiklihimayunik Ahiakmiutanik-Kivatani ammihuakyuinik aktikuttilanginik
kuugluktitaaihimayut aah ilidjuhikginialugit ihumadjutigiyauyukhanik, imalu kilamiukgutaulutik
aullaktikgutikhanik havakhautikhanik munakgiyauyukhanik upidjutaulutik tahapkunani
atuktauganginakpaktunik kingnauyunitiu. Ammigaitunik nunalingni: Wrigley, Norman Wells,
Tulit’a, Deline, Whati, Gameti, Bechoko, Paulatuk talvanitunik Tunungani Nunatsiami talvanilu
Kugluktuk uvanituk Nunavutmi pidjutiyunik nahugidjutivakgaait nikikhut ammihuakyuit
tahapkuninga nikikhakgiplugitnaahugidjutivakgaait (ACCWM, 2014). Kihimi, tuktuit
inngniktuivaktut inuttiaknaktut ammigaitunik ihaagianakninik paaigutinaitumik
nikikhaigutinaitumiklu. Inuitlu talvanikmiutanik nunatuttukanginiklu imalu tuktuit atadjutikgiktut
pthimayut inngniktuivaktut inuttiaknaktut pitkuhiktukpaktuk atuktauvaktuk huli tadja,
humikvikhaituk tuktunik pihimayut iluumi atadjutauyunik fnungni ingilgangnitanik,
pitkuhiktukpaktunik puigugakhaungitunik ipiknakpiaktunik, imalu atadjutigiknikmun
inukatigiknikmun pitiakatigiknikmun talvanitunik nunalingnu. Tuktu nikigiplugu ilihimayauvaktuk
nakukguttauyuk ikayutaugami ilingaingnaktuk Inungni pitkuhik atukhugu.

2.1. Tuktunik llingaitakhainik

Aniakgutilingniklu, nauvaktunik kaakuvikgangukpaktunik imagidjakhutik alauyunikiu
kupilgungukpaktunik, itihimayauvaktutlu pidjutivaktunik ilingakpaktunik angniakgungnikpaktunik,
inuvaktuniklu huli, atukluaktauvaktuk huli inungni inuumakgingnaktuk pikuhiktukpaktunik,
kanukvikhaituklu mikharut hivunikgiliktainik tadja aiyuuknakhivaliayuk
tuuktukainalimainakpaliagamilu ikiiklivaliaplutik taakungnakluakgungnaikhutik
nallautakgutauvaktunik. Kanuktu hivuniktuiliklutik ihuigutivalialutik tuktuikpaliagumi
nallautakgutauvaktunik. Inuitlu ihaagiahutigiyauvaktunik pinaktakhamingnik
ungunnahuakginakgialingnik ilingaitunik nirgitinik pidjutiyanginik havagilugit havagivaktamingnik
ungniguutinakpaktukhanik pikuhiktukpaktunik inukatiggiknikmun-pittiakutigiknikmunlu imalu
nikigilluakpaktamingnik nikitianik ilingaitunik (Carlsson et af.,, 2016; Jenkins et al., 2015).
Taimaitumik, aullaktikgutikhanik aah ilingaitukhanik havakhikhimayunik pilutik havagiyauyukhanik
munakgiyauyukhanik havakhautikhanik pihimayut ipiknakpiaktunik mikharut uingaiktauyukhanikiu
ihuinakgutivaktunik nauvaktunik nirgiitinik aniagutingukpaktunik imatu kufiutitanginik
nungumanginiklu mikharutlu ilingaikhimayukhanik nirgitinik tahapkunani tunungani nunalingni.

Aniagutit taakuyauvaktunik aah kayaknaitut tahapkununga Ahiakmiutanik-Kivatani ammihuakyuit
pihimayunik tutkikgutivaktunik timainik kanukgitakhainiklu, hingaivaktunik kufiutilanginik, imaiu
inuuvaktuniklu. Tahapkuat Ahiakmiutanik-Kivatani ihiviuktauvaktunik naunaitkutakhanik
katitikhimayunik talvuna nunalingni havakhikhimayunik havakhautikhanik munakgiyauyukhanik
havakhautikhanik angunnahuaknikmun talvuna 2004 talvunga 2014 pihimayait atukhugit
naunaitkutakhanik havakhikhimayunik pidjutitkiyumikhimayunik naunaitunik aniakgutilingnik
ilihimayauvaktunik tutkaaikgutivaktunik tuktunik. Tahapkuat Ahiamiutanik-Kivatani tuktuitainik
pikaktunik aniakgutinik Aniakgut Aukmi Alphaherpesvirus {Aniakgut Aukmi), Aniakgut
Kilaalakivaktunik avaatainik Kuupilgunguktaktuniklu Aukmi (Aniakgut Kitaalakivaktunik), uvunalu
Aniagut Kaalakni Nuuvaknitunik kanukgitunik 3 {PI3), Aniakgut Puuvakni Aukmungakpaktukiu 4
(Puuvak) uvanilu Aniakgut Aukmi taryumiutanik tuktutainik Toxoplasma gondii (Aniakgut Aukmi).
Tahapkununa pivikhaitut aniakgutingukpaktunik aukmi Niakungnungakpaktuniklu
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INUIT ANGOTIGHALIGIYIIT
ELIKKOOKTUK EKAYOOTIGHATIGOT ANGlKATIGIIGOT

Ona anggikatigiigot eniktiktaohimayok ajiikotigiplogo, holi atokhimmaaktuk obloanit
sainiktaolgaaktillogo katojikatigiinit.

OKOAK Kugluktukmi Angoniatit Katimayiinit

OKOALO Nunavut Inuit Angotihaligiyikyoaginnit
Kagikhinigmit, NU

Ehomaghakhiotigiplogit atoktaghat, himmaohiotigilogit okagiiktaochimayut,
angikatigiigotaohimayollo, piyaghalioktachimayollo titigakhimapllotik omaaniittut, naliak
koak anggikkatigiigotachimayut imaa;

1. Havaagiyaghait Atanggoyaoyut

1.1 Kugluktuk Angoniatit Katimayiit havaagiyaghait ekayoghimmaaklogit Kugluktukmi
Angonahoaktoligiyiit holiyaghaitigot havaagiyaghaitigollo malikalogit
okakhimayot anggikatigiigotaoyomi.

1.2  Atanggoyap havaagiyaghait havakvigiyani ekayyyoooktoklogit okoa Nunavut
Inuit Anggotighaligiyikyoanggit tamaita ehoaghaktaghat nakatkikhimavagiaginni
nakoatollo ehoaknighaoyotigot piyagiikhimavagiaginni.

1.3 Nunavut Inuit Anggotighaligiyikyoanggita havaagiyaghaginggitait hapkoa
hitataaniitpata elaliotihimaittollo Anggikatigiigonmot kihiani Kugluktuktup
Angoniatit Katimayiita naamagikpajok anggikhimakpatjokloniit titigakhimayomit.

2. Havaaghat Enikhimayaoghaoyot

2.1 Nunavut Inuit Wildiife Anggotighaligiyikyoanggit tigohiyoghaoyut
havaagotkoyaoyonik ayoghaotigihimaitomik pittiaklogillo imaa, titikanik
totkiotiakhimalotik manilikotiniklo okoa ekayoklogit Kugluktuktup Angoniatit
Katimayiit hapkoningga immakaa: :

e Ekayokpaklotik ehoaghailigaikpata okiokot maniknik atoktaghainik Kugluktuktup
Angoniatit Katimayiita,

+ Ekayokpaklotik titigakviani havaagoyoghat nakoatot aolapkaklogit maniktigot
ekayotighanik tonihimnahoagaikpata okakhimayok maliklogo
anggikatigiigotigihimayainni Kugluktuktup Angoniatit Katimayiita



5.1

miitiigahoaligaikpatalc ehoaghaotivaklogit katimajotigiyaghainik maligaghalio
atoktaghallo nalliomanahoaklogik okagiikhimayut anggigotigihmayaini.

+ Eniktigivakloni manighaagiyaghainik havaktit katimayillo manighaaghainik
kmiitiktaagaikpata maniktigollo himmaotighanik kojitigiyaghaniklo itkaptaaksiligiyit
toghiktogaikpata maniktigot atoktaohimayonik;

o Titigakhikmavaklogit tamaita akiligaghailo okoa Kugluktuk Angoniatit Katimayiita
elaokpata honatigot aolajotigivagaitigot Kugluktuk Angoniatit Katimayiita

= Tonivaklogit akiligaghat akiliktaagaikpata okonongga togaangmata maniknik
toniyaohimayonik Kitikmeoni Anggotighaligiyit Katimayiinota manikakvianot
anggiktaoyagaipatalo okonangga Kugluktuktup Angoniatit Katimayiinit;

« Ekayokpalogillo ehoaghailigaikpata maniknik manikakviani okoa okonangga
Kugluktuktup Angoniatit Katimayiini;

+ Takopkaktitivaklotiklo okiop elanggagot manilikotigiyainnik takoogiakakmatigik
okonangga Kugluktuktup Angoeniatit Katimayiini hapkoa tamaita manighaaghallo
akiligaghallo alaniklo naonaiktaghanik eniktigivakloni;

+ Ekayokpalogitlio okonangga Kugluktuktup Angoniatit Katimayiini katimayit
anggommatihimakoplogit honatigot piyaghanik Malitgaitigot pitkoyaohimayonik;;

s Ekayokpaklogolo Kitikmeoni Anggonahoaktoligiyiita titigaktiat totkighaiyi
ehoaghailigaikpat manilikotainik okonangga Kugluktuktup Angoniatit Katimayiini ,
ovalo

+ Alallo Manilikotit titikaniklo totkoktoinik pikahiotihimakpata okiokot maniknik
atoktaghanik enigiiyaghimayonot maniit pihimayot Nunavunmi
Anggotighaligiyikyoatkot Katimayiit Nunavutio Kavamainit kakoknggogaikpat
takoyaoyomakatakpakniakmata.

Hivitonighaa

Ekayoktoijotit pipkakhimayait Nunavut Inuit Anggotighaligiyikyoaginnit April 1-mi,
2019 March 31-mot, 2020. Ona anggikatigiigot atogoikniaktuk nonggotpat
March 31, 2020-gonkkat kihimi havaotighatigot anggikatigiigot oigoyaokpat
titikatigot pihimaloni.

Akiligaghat Ekayoktoijotaoyotigot ovalo Aoaltitijotaoyotigolio,
akiligaghanik Akiligiikhimayonotlo

Okakhimayut maliklogit atoagaghat malikayaghallo, ehomaghakhiotaohimayollo
kanoktot hivitoyomik havaagovaktot eliktaovakmagaagita okonangga omani
anggikatigiigotaoyomi Nunavut Inuit Anggotighaligiyikyoaginit t, talva
Kugluktuktup Angoniatit Katimayiit akilikpakniaktait okoa anggikatigiigotaoyomi
Nunavut Inuit Anggotighaligiyikyoagit okiok elainnagagot pihimalotik imaa
$3,125-taalamik ovaloniit okiokot $12,500-taalamik.

Nunavut Inuit Angotighaligiyiita Titigakviat pihimayut elikkookhotik
kaantolaaktioyut

Ona Anggikatigiigut anggikatigigotaoyoghak nakoatot havaagoyoghat
aolatiagotighaitigot, ovalo Nunavut Inuit Angotighaligiyiit havakviat
atoktaghagitayit maliklogit okakhimayut anggikatigiigotachimayuk imaa



ONA ANGGIKATIGIIGUT sainiktaoyuk atolikhonilo okongnangga Nunavut Inuit
Anggotighaligiyiinit okoalo Kugluktuktup Angoniatit Katimayiinit anggiktachimalikmat
tamagiknit.

Okonongga Nunavut inuit Anggotighaligiyiinit:

Jason Mikki Oblok

Haklovioknaihiyoghak Oblok

Okonongga Kugluktuk Angoniatit Katimayiini:t

Eghivaotalik Oblok

Atanggoyak Oblok



(Niakumungakpaktunik Aniakgut), Kikturgiaanit Aniakgut Hakugiktuk (WNV), uvunalu Aniagut
Puuvakni Imakpaktut Naamuniayaakhutik Puuvak Bovine respiratory syntical virus (BRSV) (llidjuhit
1) {Carlsson et al., uvunalu havakhiktauyunik makpiraagakhanik; Kutz et a/., 2001).

llidjuhinik 1: Aukmi aniakgutingukpaktunik pihimayunik ihiviuktauhimayunik aniakgutinik
ingniktikhimayunik Ahiakmiutanik Kivatani tuktunik.

Aniakgutit Ungnatluk Unguhulluk
thiviukhimayunik aukmi Ihiviukhimayunik aukmi
aniakgutingukpaktunik (%) aniakgutingukpaktunik (%)

Herp 56 46

Pesti 35 33

PI3 31 13

Neo - -

Bru 2 o]

Toxo 0 14

WNV : =

BRSV -- =

Ahiakmiutanik-Kivatani ammihuakyuinik havakhikhimayunik nalvaktauvaktunik pihimayunik
pikaktunik ilitukgiyauvaktunik Puuvakni Aniakqut Aukmungakpakhunilu 4 uvunalu taryukmiutanik
tututainik tabhapkuatiu aniakgutingukpaktunik ilihimayauyunik pidjutitaktunik atadjutiniklu
inungni. Tamna Puuvakni Aniakgut, kanukgilidjutivaktuk pilakivaktuk imaktitpakhugu niki, imalu
tadja ihuigutivaktunik aah ikitiyunik nallautakgutauvaktunik ilikuaktunik talvanitunik
ammihuakyuinik. Angunnahuakpaktunik ilitukgittaktuniklu aniakgutikakut tuktu pigumik talvani
kuniakhugu avaatainik puuvingayakhainik naliak tuhiiatkumik ilthimangnakhigumik. Tahapkununa
taakungnakhigumik avaatainik pidjutiyuutut aniaktuk tuktu naunaiktuk aukmi aniakgutitik
kaahakgumik tuktunik nikanik pikakgungnakhiyuk aniakgutimik aukmi karitangmungaktaktunik
(Kutz et al., 2001). Uvuna pidjutigumik tamangnut kayaknaktunik, nikitianik nikinik
upalungaiktauvaktunik nikikhanik aviktukhugit panikhikhugit atugakhanik piyukhauyunik ilauyunik
kuniaklugit nikiitanik uutpiaklugitlu imalu unguyaugangutaalu hangnakittiaklugit kilaamik
nikiikhanik nirgitinik pilutik kayakgitiaklutiklu havagiyautiak pilutikiutik atugakhainiklu.

Aulladjutiplugit havagiyauyunik Ahiakmiutanik-Kivatani tingmitikut havagiyaugumik pihunguyut
ikayutauyukhanik ilitukgiyauyukhanik kayaknaktunik angutinik nirgitinik kufiutilanginik mikharutlu
tunungani nunalingni. Kihimi, ilingaitunik pidjutikiyumiktauvaliktunik nakyunik nirgitinik
pikangitunik aniakgutaitunik uvunalu taakunganktunik ilingaitunik ilidjuhikgiyainik (Boorse, 1977).
Tahapkununa naunaitunik aah ilingaitunik tuktunik ammihuakyunik pidjutitaktunik
ungigliyauhimayunik naapkiyukhanik mikharut kangikgianginik tahapkuninga nirguakgutinik
kufiutilanginik ilidjuhikgiyakhainik imalu unngniguutinakpaktukhanik, nirgitinik ilingaitakhainik,
uvunalu talvanituniklu kuugluktitainikmunlu {Macbeth unalu Kutz. taiguakgakhanik.). Uvunalu
hivuniktuiyunik utiutifaakgutilugit pulakfaaklugit uvaptingni tadja upidjutauyunik mikharut
uingaikgutauyukhanik tahapkuninga Ahiakmiutanik Kivatani ilingaitunik pidjutitkiyumiklugit
nakutkiyauyunik upidjutikhanik havagiyauyukhanik.
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2.2 Ingilgayangit Atukhugit lvaayaktukpaktunik Ingniukuviit, Hita Malikhugu
Avaatingnut Nunguumanginiklu, Nirgiitinik Huraat Atukpagainik Huli

Nunamiutanik tuktutainik ilihimayauvaktunik pidjutivakgainik ingilgayakgivakgainik avaatingnut-
nungumakgiktunik ivaavit ingniukvit imalu atukpagainik alaakinik nunatuttukanik nunani
namukgivakgainik hila malikhugu atukpagainiklu. Nunauyami nayugainik pidjutivaktunik
naunaikgutivaktunik humitakhainik tuktuit ingilgavaktunik, ikattunik naliak naapktunit aputikaknit
kikumaanitiu kuugait kuugalliagakaknit, pidjutivaktunik hila taimailitkangut nakugiyaulluakpargait
ingilgayangit ivaavit ingniukvit. Tahapkuatauk ilitukgiyaulikpatut ahiagut ingilgayangukhutik
apkutait ayuikgutauvakhimayut guilavaknik nurgaitunik tuktunik malikpaktunik hivuliuktiuyunik
gultavaknik nirgitinik tahapkuatauk pidjutivaktunik ingilgayangukhutik atukhugit
pitkuhiktukpaktunik apkutait (Nicholson et al., 2016). Tamakpiangani ukiumi, tahapkunani hila
malikhugu avaatingnut nungumanginiklu havakhikhimayunik aviktukhimayunik tahapkunanga
havaktit umayulikiyit nunalikiyit pihimayut havakhikhimayunik ammigaikhugit havakviuyukhanik:
ivaavit ingniukvit/nunaini ingniukvit, auyaalihami, kitikuktumi auyami, auyaakhaktumi
uukiakhami/nuuliaktut, uukiakhami/hivuagut nuuliaktut, uukiumi, uupingami ivaavit ingniukvit
imalu hivuagut-ivaavit ingniukvit {Nagy et a/., 2005). Malikhugu hila kanukgitakhanganiklu
(niglaumatilangaah, hilakiumannianik, apuut naaptunianik, nunakgikgiakhanik ilingaitakhanik
naunianik) naliaktalvanitunik kayaknaktunik nirgitinik huraanik, tuktuitiu atuktaktaitlu
nirgiavigiyainik aahikuklutik ilihimadjutigiplugit ingilgaayakgivakgainik. Uvunau ilidjuhikgiyainik,
aah kauhimadjutiplugit ihuinakgutit nakungikgutivaktunik mikharut naunianik nuttanik nunaap
naunia pilakittaktutlu aaihikpaktitaktuklu upingami (Nicholson et al., 2016).

Karitauyakukgutinik atukhutik ilitukgiyauyukhanik humitakhanik naunaitkuakhanik
havakhikhimayunik tahapkunani unguhulluknik Ahiakmiutanik Kivatani talvuna 1996 talvunga 2004
havakhikhimayunik naunaiyakhimayunik tutkikhaiyanginik ammigaitunik nalikmik hila malikhugu
avaatingnut nungumanginiklu (llidjuhinik 2) (Nagy et al., 2005). Tamna ivaavit ingniukvit
talvanitunik Ahiakmiutanik Kivatani tuktunik pargutihimayunik talvanga kivatanit Bluenose Tahik
talvunga nunalingni Kugluktukmit. Taimailitkangut ammihuakyunikangut, Kugluktukmiut
ilihimadjutigivakgat itkauyaktunik unguhulluknik tuktunik talvanitunik nunalingni. Talvuna
auhaalihami, tahapkuat gulluvait imalu nurgaitlu kangniglivaktunik hingnaanut Taryukgalukmi,
tahapkuat gulluvait imalu nurgaitlu ingilgavaktunik ¢ hivuagut ingilgatinagit hivumut hivurganut
hiamitutik talvanga taryumi talvunga tununganut hivurani talvani Great Bear Tahik Auyaaktumi.
Tahapkuat nirginiakpaktunik talvani nunaini talvanga atulihami Nikilikivia talvunga Hikutilikvia
(auyakhaaktumi). Taimailitkangut uukiakhukgangut/nuuliaknakhigangut, tahapkuat ingilgaalvit
gulluvait tamatkiutivagut tunungani talvanilu kivatani talvani Great Bear Tahik, talvanilu Mctavish
Ikuuhianik, tikkitpagatlu talvunga Dehcho Nunatuttukanik. Talvunalu uukiakhami/hivuagut
nuuliakpaktunik pidjutauvakmiyuklu talvuna kanuk gutluvait tuktunik ingilgayakgivakgainik
apkutigivakgainik akungainilu hivugani Great Bear Tahik talvanilu Dehcho Nunatuttukanik uvunalu
pidjutivaktunik uukivaktunik talvani nayuganik. Talvuna uukiumi avaatingnut nungumanginikiu
tahapkuninga Ahiakmiutanik Kivatani tuktunik ilihimayauvaktunik tamatkiumayumik
pargutivaktunik tahapkuninga ingilgayuniklu Kingaumiutanik tuktunik ammihuakyunik.
Tikitainakhugu ungniguutivaktunik, taimailitumi hila upingakhaktuk ivaavit ingniukvit nayulikhugit,
tahapkuat tuktuit ingilgalikpaktunik tungnumut ingiigayanginik apkutainik mikharut ivaavit
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ingniukvit nayugainut imalu kangniglivaktunik talvunga Kugluktuk. Kihimi, tadja havaktit
umayulikiyit uingaikgutivakgainik tahapkunanga Ahiakmiutanik Kivatani ammihuakyunik nirgitinik
atuktauvaktunik naunaiyainikmun havakhikhimayunik nungumalingnik kangilimaitunik,
pihimagumik havaktituaggivakgamigit kihimi mikharut mikitkiyanik kufiutifanginik gulluvaktunik
tuktunik havakhikhimayunik kunguhikmialingnik naunaitkutaliukpaktunik.

Hidjuhinik 2: Ahiakmiutanik-Kivatani Hila Malikhugu havakhiktauyunik kilamiukhutik
havakhikhimayunik uvuna Nagy et al., (2005).
_Hila Malikhugu avaatingnut nungumangniklu  Talvuna_

Ivaavit ingniukvit/ hivuagut-ivaavit ingniukvit Imakgdkfiiivia 1_tal\Eng_a 25

Auyaalihami Imakguktikvia 26 talvunga Tarhilikvia 15
Kitikuktumi Auyami Tarhilikvia 16 talvunga Nikilikivia 7
Auyakhaliktumi Nikilikivia 8 talvunga Hikutilikvia 7
Uukiakhami/nuuliaktut Hikutilikvia 8 talvunga 31

Uukiakhami/ hivuagut-upalungaiyaktunik Tatiaknakhivia 1 talvunga 31
nuuliakniaikhimayunik

Uukiumi Ubluikvia 1 talvunga Kitikauyakvia 31
Upingami, upingami ingilgayangit ivaavit Kitikautiyuk 1 talvunga Imakguktikvia 31

ingniukvit, hivuagut-ivaavit ingniukvit

Naahugiyauyunik mikharut nallautakgutauvaktunik tahapkuninga Ahiakmiutanik Kivatani hila
malikhugu avaatingnut nungumanginiklu ipiknakpiaktuklu malikgakhanik ilidjuhikgiyakhainik nirgitainik
havagiyaulutik ilitukgiyaulutik ipiknakpiaktunik nunamiutanik naunianik. Kakugu ipinakpiaktukhanik
havakhautit naliak pirgumiyauyunik nayugainik piluni takungnakluni nallautakgutauvaktunik
nallikmiktunik piyukhaniklu ilidjuhikgiyainik kanukgilidjutivaktuniklu naamukgiyauyungnaikpaktunik
nunainik kanukgilidjutigangumik pidjutitaktuniklu naunaikluni ingilgayanginik aaihikuklutiklunin
ammihuakyuinik avaatingnut nungumanginiklu {Nicholson et al., 2016). Kanukgitunikiu nalikmutiu
pilutik ungniguutiyukhanik havakhikhimayunik atadjutigiktunik havakhautit upidjutaulutik, humi
nakutkiyauyunik havakhikufuuluktunik havakhautit havakhikariakaktunik pihimayunik
haatitikhimayunik kakungiakgangut mikharut kiudjutikhanik alanguktikpaktunik talvanitunik
atugakhanik.
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3. KAYAKNAKTUNIK

Ammigaitunik naunaitpaktunik aah kayaknaktunik ilihimayauvaktunik, kihimi havakhikhimayunik
tahapkununani atukpaganik katimayinit mikharut Naunaitkutauyunik likiklvaliayunik
Paaikpaliayunik Nirgitinik Huraanik talvani Kanatami {COSEWIC), kayaknaktunik havakhikhimayut
nallautakgutauvaktunik nuutkangayuitunik naliak pivaktunik talvanikpiaklu biplutik
nakuyungyaikguttivaktunik ihuigutipiutik ilikuaktunik kufiutilanginik. Kayaknaktunik nirgitinik
huraanik paagutigangumik (nakungikgutivaktunik ihuinakpaktunik nirgitinik huraanik},
angunnahuaknikmun aaiyuknakhuniiu havaginahuakhugu, hila alangukpaliayuk
hilaaklukyuakginalikhuni tadjaguinakpalikhunilu kayaknakhiyuni, nirgitinik umayunik
alangukpaliayunik, kuupilgungnikhutik imalu aniakgutinikpaktunik, uvunalu ikummutitukpaktunik
imalu alguyaktuktunik uvunalu uyagakhiukvit pivaktutlu pinnaktaktunik talvanikpiak
kayaknaktuniklu. Kayaknaktuniklu pidjutitautaktut upalungaikhimagumik imalu
nallautakgutauvaktunik havakhikhimayunik tahapkununa IUCN-CMP (Hilaryuami
llidjuhikginnahuakniaklugit Katimayit-llidjuhikginnahuakniaklugit Nallautakgutauvaktunik Panaarit)
ilihimayaungitunik kayaknaktunik naunaitkutat atugakhanik (Hivitunikhak et a/., 2009). Una
naunaitkutak piyauyukhak iniktiktauyukhak mikharut Ahiakmiutanik Kivatani ammihuakyunik
imalu kanukgiliukgutauyukhanik havakhautikhanik pilutik havgiyauyukhanik tahapkunani
nunalingni.

3.1 Inungnit Kuugluktitainikmun

Atugakhaliuknikmun uyagakhiuktit imalu aullaktikgutikhanik, ulapkiviuvaktunik
hulilukakviuvaktunik pidjutitaktutlu ihuikgutilutik talvanitunik tuktunik ilidjuhikgiyainik imalu
ihuikgutilutiklu tuktunik nakungitumik. Talvunikpiakiu ihuinakgutinaktuk tahapkunanga inungnit
hulilukaktunik pidjutitaktunikiu pilakipkailutik alanguktikiutik pinaktukhaniklu, kanukgitakhainik
imalu kufiutilanginik nungumanginik naliak ilanganik talvani nunaap naunianiklu
kanukgilidjutitaktukiu nayugainik nakugiyauyungnaikluni tahapkunani tuktunik imalu pilakilunilu
aaihikpaktittaktuklu apkuutainik naliak aaihikpakiutik (Nicholson et al., 2016).
Kanukgilidjutigangumik ikikligangumik ammihuakyunik, pivaktut hugilluayuitait inuit
kuugluktitaigangumik imalu pidjutivaktutlu hugiyuitait inuit pidjutivangmiyuk
ammigaikgutitaktuklu tuktunik.

Talvanitunik Ahiakmiutanik Kivatani avaatingnut nungumanginik, pikaktunik uktutikhanik
uyagakhiuktinik havakhautikhanik. Talvani Tunungani Nunatsiami, tahapkuat Mackenzie Valleymi
pilik ilingaitunik ukhuuklukaktuk imalu ammigaitunik nalvakhiukpaktunik talvani nayuganik
havagiyauyunik. Uktutikhanik kanukgituniklu Mackenzie Gasilik Havakhautit {(MGP) ilidjuhikgiyanik
gasilik tuukhualgit imalu Mackenzie Valleymi Apkuut ilaugumi pidjutihunguyuklu tahapkunani
Ahiakmiutanik Kivatani tuktunik (ACCWM, 2014). Talvani Tungani Nunatsiami uvanilu Nunavutmi
pikaktunik aah ilingaitunik uyaganitunik kiplagikpiaktunik imalfu alauyunik ipiknakpiaktunik
uyaganitunik pargutivaktunik talvani avaatingnut nungumanginikiu. Tamangnik nalvakhiuknikmun
imalu uyagakhiuktunik havakhautit pidjutitaktut ihuikgutitutik tahapkuninga Ahiakmiutanik
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Kivatani tuktunik kanukgitakhainik mikharut nayugainik imalu ilingaitakhainiklu. Kalikgiktikpaktunik
ihuikgutivaktunik pilugit ihumadjutigiyauyukhanik.

3.2 Kayaknaktunik nirgitinik huranik

Amaguk (Canis lupus arctos), Akhaak (Ursus arctos), Kalvik (Gulo gulo) unalu Kupanuakpak
{Kupanuakpak) pihimayut ilihimayauvaktunik kayaknaktunik nirgitit huraat. Tuktuit
ilihimayauyut nikigivakgait amakuut, akhaitlu, imalu kalvitlu, kanukvitunik amaguut
nikigilluakpargait tuktuit nikigiplugit {90%) (L'Herault et al., 2016). Pivakulluaktut
kanukvikhaituk, amakuut ilihimayauyut kauhimayauyunik kayaknaktut nirgitit huraat
nunamiutanik tuktunik, tahapkununa hivituyumik mikharut kanuktun amakuut
ihuigutivaktunik ikiiklitivaktunik imalu naufaakpaktunik tuktunik ammihuakyuinik
ilitukgiyauyuitunik huli, talvunalu ahuutaklu amagut nakungikgutivaliayunik ikiklitivaliayunik
imalu naufaakpakgiakhainik tuktunik ammihuakyuknik ilihimayaungitut. Talvunalu nirgitinik
nikauvaktunik atadjutivaktunik ihumadjutigiyauvaktunik aah kakungukgaikpat
havakhiktauiutik kanukgiliukgutauvaktunik amaguanik nuutiktauvaktunik ikiklivaktunik
tuktunik pinnaktukhanik (Klaczek et al., 2016). Pilakivaktunik mikharut tuliikgutauvaktunik
tahapkununa nirgitinik kayaknaktunik kufiutilanginik kiudjutauvaktunik tahapkununa
tuktuikpaliayumik, talvunalu kayaknaktunik nirgitinik pilutikiunin ilanganik angiglihimalutik
talvuna (ACCWM, 2014). Uvunalu pidjutitaktuk uingaikgutaulutik huuk angunnahuayuktunik
imalu nunalingni inukatigikpaktunik pidjutivakgainik ihumadjutigiplugit amagunik
ammigaikpalaktunik uvunalu pidjutitkiyumikpaktunik nalukhanginamik havagivaktamingnik
pidjutitaktuniklu naudjutilutik kayaknaktunik nirgitinik munakgiyauyukhanik
havakhautikhanik ikiklitiyukhanik kayaknaktunik nirgitinik ayuknakhitivaktunik.

Tadja ubluanganut, umayulikiyit havagivakgait huli kiudjutikhanik mikharut havagiyauyukhanik
amagunik ammigaikpalakmataalu havagiyauyukhauyut umalyulikiyit huii kiudjutikhanik mikharut
havagiyauyukhanik amagunik ikiklitinnahuaktukhanik havagiyauyukhanik. Pilgumikhimayunik
kayaknaktunik amagunik ammigaikpalakmataalu havagiyauyukhauyut, tahapkunanilu Finlayson
talvanilu Aishihik nayugainik talvanitunik Yukonmi, pivakhimayuk takungnakhunilu nakuyumik
havakhikufuuluktunik nakukgutauyunik havagiyautiakpaktuk taimaliukgangumik
nakukgutauvaktunik pidjutaugakpakhutik mikharut kulinik ukiunik. Kihimi, tamna havagiyauvaktuk
akhuukgutauplunilu imalu nutkaktauhainakgangutaah, tahapkuat amagut nauhainakpaktutlu,
(Hayes, 2010).

Malikhugit tahapkuninga Pitkuhiktukpaktunik Kauhimayutukanik, tahapkuninga akhaat
talvanitunik Ahiakmiutanik Kivatani pidjutiyunik ammigaiktunik ihumagiyauvaktunik, pivaktunik
ammigaikhutik takungnakhivaktunik kayaknaktunik nirgitinik talvani ivaavit ingniukvinik imalu
hivuagut talvungauvaktunik ivaavitnut avaatingnut nungumanginiklu (Kugluktuk HTO, pers.
comm.). Akhait pinniakhimavaktunik nurganik, ungnilihaniklu nurganuanik, kihimi pivaktuniklu
unguhuliukniklu. Akhait pidjutitiktunik ayuikgutiplugit alauyunik atugakhanik tuukutiyanginik
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tuktunik: kimalatiplutik tuktunik, kimalatiplutik ingilgayunik tuktunik, uutakiukhugit tuktunik
ingilgayanginik apkuutainik ikakvinik kugakni, naaimaplugit nurgainik {Reynolds & Garner, 1987).
Pivakhimayunik kuniakpakhimayunik tahapkuninga Akhaanik tukutiyunik tuktunik
adjiliuktauvakhimayunik, tahapkuat Akhaatlu tuktunik atadjutigikgiakhainik ilihimannaitut (Skoog
1968; Murie 1981).

Kuupanuakpak nikigivakgainik mikauyunik nirgitinik, kanukgituniklu sika jaapanikgalik tuktu
(Jaapanikgalik tuktu) unalu Dall’s imngnaik (Imngnaik) (Kerly, 2013; Nette et al., 1984). Uvani
Finlandmi, Kuupanuakpak imalu ilihimayauyuk nakukgutiggivakganik nikigigangumiuk tamna
tukutauyuk tuktu (Tututainik) nurgakniki (Nybakk et al., 1999). Kuupanuakpait ubluliukpaktunik
talvani hivugani hungmiplugit Kungnahik kugak kuutikguani, pivaktunik ammigivakgainik
Ahiakmiutanik ivaavit ingniukvit. Tavunalu pinaktaktunik tahapkuninga kuupanuakpak
tukuniakhugu ungnilihak Ahiakmiutanik Kivatani nurgakmik nakukgutikhaminik tukulugu. Talvuna
tukutiyunik pilutik nikikhakhiuktunik pidjutivakgainik nirgitinik, hikhiknik imalu mikiyunik nirgitinik,
pidjutiyuniklu ikhiuktunik uupipkakhugit ahiit huttumiaktukhanik alauyunik nirgitinik {Nette et al.,
1984; Nybakk et al., 1999). Tadja havakhautikhanik havagikyauyunik naahugiyauyukhanik
kuupanuakpanik tuktunik atadjutiggikpagiakhainik, imalu naunaitkutakhanik tahapkuninga
ihiviuktauvaktunik pilugit upalungaikhimayukhanik hivunikgiyakhanik nirgitinik ayuuknakhivaktunik
Ahiakmiutanik Kivatani tuktunik.
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4. ANGUNAHUAKTAUVAKTUNUIK NALLAUTAKGUTAUVAKTUNIK
HAVAGIYAUVAKTUNIKLU

4.1 Nunalingni pivaktunik Angunnahuakpaktunik Ahiakmiutanik Kivatani Tuktunik
Nunavut

Kugluktuk kihimi nunalingni talvanitunik Nunavutmi pivaktunik angunnahuakhugu tuktu talvanga
Ahiakmiutanik Kivatani ammihuakyunik. Pikaktunik alauyunik nunalingni pivaktunik
angunnahuakhugu talvanga ammihuakyuinik NWT.

4.2 Atukhugit talvani Kufiutilanginik imalu Ingilgangnitanik Angunnahuaknikmun
Havakhautit

Tahapkuat Ahiakmiutanik Kivatani Ammihuakyunik (BNE) pivatunik ipiknakpiaktunik
inudjutigivakgaat tahapkunani Inungni nikigivakgaat/inudjutigiplugu. Tuktut pidjutauvaktut
angunnahuaktauplutik mikharut kakungukgangut ukiunganik pidjutauyukhanik alangayunik
atugakhanik. Tuktu atuktauvaktuk nikigiplugu, anurgak, iglugiptugu, atugakhaniklu. Inuit
angunnahuakpaktut kihimi ihaagiahuktamingnik. Taimani pidjutiyuitut ikaakuklutik nirgitinit.

Ublumi, angunnahuakpaktunik atukpaktunik ingnikutilingnik imalu hikuttinik angunnahuaknikmun
tuktunik. Imalu kaayumitkiyaulikmut imalu ayuuknaituni nalvakhiuknikmun nirgitiniklu.

Hila malikhugu:

- Talvuna ingilgayanginik apkuutait atukhugit, hugihuiklugit hivuliuktit,
angunnahuaknikmun/kuugluktitainikmun pilakilugitlunin aihikpaktilugit talvanga
ingilgayanginik apkuutait atukhugit them may alter migration.

- Ubluktuhivia talvunga Kitikauyakvia — pidjutitkiyumikpaktunik ungnalluknik

- Kikaiyakvia talvunga Imakguktikvia — pungnik

- Tarhilikvia talvunga Nikilikivik — alaakinik kihimi mikiyumik angunnahuaknikmun

- Apitilikvia talvunga Ukiakhuk — Pungnik

- Tatiaknakhivia talvunga Ubluikvia — unguhulluknik imalu unguhulluknik

Uvani 2007, tahapkuat Kugluktuk HTO pivakhimayut havakhikhimayunik nirguakgutinik
nutkaktitaiyukhanik angunnahuaknikmun imalu ungunnahuaknikmun niuvgutikhanik
tamakpianginik ammihuakyunik talvanitunik Kugluktum nayugainik. Una pihimayuk
ikayutauyukhanik tahapkunanga nunalingni nanminilingnik piutigiyainik havagivakgainik talvuna
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5. HAVAKHAUTIT/AULLAKTIKGUTIKHANIK/Munakgiyauyukhanik

5.1 Havakhautit Havagiyauvaktukhanik

Tahapkununa atugakhanik talvanitunik ICCMP ilauyunik:

1) Havakhikhimayunik aah nungumagiyakhanik kangilimaitunik KHTO katimayinik
angunnahuaknikmun munakgiyauvaktunik tahapkunanga KHTO;

2) Ataniktutauyunik BNECH angunnahuaknikmun uniklutinik tahapkununga KHTO by katimayinik;

3) Havakhiktauyunik aah ‘Piyukhaungituk talvani nayuganik angunnahuaknikmun Tuktunik
Avaatingnut nungumanginik’ piyukhanik ikiklitiyukhanik BNECH angunnahuaknikmun
nayuganik pivaktunik ayuuknaitumik pinaktukhanik tahapkununa apkutainik imalu
ingnikutilingnik akhaalutinik;

4) Tahapkununa havakhikhimayunik mikharut KHTO munakgiyauyunik
havakhiktukhauyunik atugakhanik kauhimayauyunik BNECH angunnahuaknikmun
nallautakgutauvaktunik imalu avaatingnut nungumanginiklu, ataniktutauyunik
uniklutinik, uvunsalu angunnahuaknikmun havagiyauvaktunik;

5) Naudjutikhanik aah havakhautikhanik imalu kinikhiayunik mikharut kinikhiayunik piyukhanik
naudjutikhanik aah kayaknaktunik munakgiyauyukhanik havakhautit piyukhanik
ikiklitiyukhanik nirgitinik tuktivaktunik ayuuknakhivaktunik BNECH;

6) Auladjutigiplugit imalu nakuhitkiyumiktukhanik ilihaknikmunikmun KHTO katimayinik
tahapkuninga tuktunik, pitiaknikmun angunnahuaknikmun havagiyauvaktunik, uvunalu
alauyuniklyu nirgitinik angunnahuaknikmun; unalu

7) Havakhiklutik pinnahuaknikmun talvuna ungigliyumiktukhanik naamukgiyauvaktunik
naunaitkutak angunnahuaknikmun nallautakgutauvaktunik tahapkunani KHTO
kauhimayauyunik omingmaknik talvanitunik Kugluktuk angunnahuaknikmun nayugainik
piyukhanik ungnigutiyukhanik angunnahuaknikmun ayuuknakhivaktunik tahapkunani BNECH.

5.2 Pangnatauyunik Aullaktikgutikhanik

Tahapkunani KHTO Angiutauvaktunik Atadjutigiknikmun Nunaligni Tuktunik
Munakgiyauyukhanik Pangnattauyunik.

Havakhikhimayunik aah nungumagiyakhanik kangilimaitunik KHTO katimayinik angunnahuaknikmun
munakgivauvaktunik tahapkunanga KHTO

Tahapkuat KHTO nallautakguttauvaktunik talvuna Imakguktikvia 2015 talvunga Imakguktikvia 2016
kanuk 190 BNECH pihimayunik angunnahuaktauvaktunik uvani ukiungani talvanitunik. Tahapkuat
KHTO nallautakgutauvaktunik hila malikhugu aviktukhikhimayunik nunguyumik ukiunganik BNECH
angunnahuaktauvaktunik mikharut: 20 nik uvani auyami; 20 nik uvani ukiakhami; 100 nik ukiumi,
imalu 50 nik uvani Kitikakvia. Talvani 100 BNECH ungunahuaktauvaktunik ukiumi, tahapkuat
angunnahuaktauvaktunik talvani Napaktolik, kanukgitilanganik ungahiktilanganik 200Km
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hivigiyanivyak- kivatanivyakiu talvanga Kugluktuk humi pidjutivakhimayunik takuyauvaktunik
ammihuakyuknik tuktunik ukivaktunik uyagakakniknini imngnaani nayugainik.
Pidjutauvakhimayunik ukkautigiplugit kanukgitakhainik tahapkunani BNECH, kihimi
itkumagiyauyunik tahapkuninga KHTO.

Pigulluaktilugit tahapkuat KHTO angunnahuaknikmun pihimayunik nallautaktiakhimayunik
pihimayunik 75%, tamakpianganik ungunnahuaknikmun pihimayunik ikitkiyauyunik
tahapkunanga 340 TAH. Pidjutivakhimayunik ilanginik ukiunginik angunnahuaknikmun
pidjutitkivumikhimayunik imalu atadjutiyunik tahapkununga BNECH kufiutilanginik pihimayunik
ammigaikyumihimayunik, naliak tahapkuat BNECH pihimayunik kangniglivaktunik nunafingni
talvuna pivakhimayut.

Talvuna kauhimayauvaktunik mikharut ikikliyumiktunik angunnahuaknikmun uvani imakguktikvia
2015-Imakguktikvia 2016 talvanitunik ammigaitunik, uvunalu ilauyuniklu:

a. ammigaitunik Inuit pikangitunik atugakhanik, naliak ayuikgutauvaktunik talvuna
angunnahuaknikmun tuktunik;

b. tahapkuat BNECH kufiutilanginik pihimayunik ikiiklivaliayunik imalu uktutikhanik
pidjutiyukhanik imalu angunnahuaknikmun BNECH imalu ikikliyumiktunik naunaikhutik
{aah ilidjuhikgiyanik kiudjutinik alunguktikattakpaktunik};

¢. pikangituk ukiumi apkuutaituk, naliak tingmitinik atuktauvaktunik angunnahuaknikmun
tuktunik avaatainik Kugluktuk, pidjutivaktunik naluvyaktunik angunnahuaknikmun, uvunalu
tahapkuninga pikangitunik atugakhanik aulakgiami ungahiktumut talvanga nunalingni
pidjutilimaitut aulakiutik angunnahuaklutik BNECH.

Kanukgilidjutivaktunik, tahapkuat KHTO pilutik havagilugit havakhiktauyukhanik piutigiyakhainik
nungumakgiyakhainik avaatkulimaitunik 340 tuktunik angunnahuaktauvaktunik uvani 2016-17
atukhutik havakhikhimayunik tahapkunani KHTO piyakgaihimayunik havakhikhimayunik.
Tahapkuat KHTO pilutik aulaktikgutikhanik atugakhanik atugakhantk pidjutauyukhanik tuniyaulutik
huppimutaitunik piyukhanik KHTO inukatigikpaktunik ungunnahuaknikmun tahapkuninga 340
nirgitinik tahapkunanga BNECH. Pihimayunik amigakhuuktauyunik kilamiukgutaugamik
tahapkunani NWMB pidjutauyukhanik pidjutitkiyumiklugit iniktikhimayunik havakhiktauyukhanik
naunaitkutanik tahapkununa KHTO havakhiktauyukhanik pangnatauyunik, kihimi tahapkuat KHTC
imalu pidjutitaktunik havakhiktaktuniklu.

Tahapkuat HTO havakhikhimayunik aah nirguakgutauvaktunik pidjutitaktukhanik
angunnahuakpaktunik pihimaluktuukhanuik naunaitkutanik angunnahuaknikmun
nugudjutilingnik ubluinik atuknianut hivuagut piyukhanik tunifaakiugit tahapkununga HTO.
Tahapkuat HTO havakhikhimayunik aah nirguakgutauvaktunik pidjutiyukhaungitunik
angunnahuaknikmun aah atauhikmik tatkikhiutinik talvuna Imakguktikvia 1-Tarhilikvia 1%,
Talvunalu Angutinik Malikgak havakhikhimayunik pidjutiyukhaungitunik kimailutik niknik tuktunit
ikaktaulutik uvunalu kanukgilidjutivaktunik ihuinakgutauvaktunik mikharut Angutinik Malikgak.
Karyuk Malikgak aah .223 uvunalu ungitkiyak tahapkununga ungiyunik ungutinik.
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5.3 Munakgiyauyukhanik havakhautit imalu Uniklutikhanik

Uvuna ilauyunik mikharut ataniktutauyukhanik uniklutikhanik, tahapkuat KHTO talvanilu GN
havakatigiktunik atautimi piyukhanik tunihiyukhanik havaktit umayulikiyit ihiviuktauyukhanik
hivunikgiktukhanik kakugu munakgiyauyukhanik imalu havakhautikhanik ilingaitunik
ammihuakyuinik. Imalu itauyukhaniklu KHTO havakhiktauyukhanik nungumakhainik kangilimaitunik
inukni 340 BNECH piyukhanik angunnahuaktautyukhanik, tahapkuat KHTO pilutik aulaktikgutikhanik
atugakhanik munakgiyauyukhanik angunnahuaknikmun BNECH. Uvunalu pilutik ikayutauyukhanik
kiudjutikhanik kanukgilidjutivaktunik ICCMP pihimayunik havakhikhimayunik ungniguutivaktunik
havagiyauyukhanik. Pigumik angunnahuaknikmun naunaitkutanik pigumik kangikgumik tahapkuat
KHTO havakhikhimayunik nungumanginik kangilimaitunik, tahapkuat KHTO atugakhanik
hungiutiyauyukhanik munakgiyauyukhanik mikharut nallautakgutaulutik tahapkuat ICCMP
mikharut tikilugit talvuna nungumanginik kangilimaitunik. imalu ilanganik uvuna
angunnahuaknikmun uniklutikhanik, pilugit kiudjutikhanik ukallautigivauhimayunik tahapkunanga
angunnahuakpaktunik mikharut ilingaitakhainik imalu kufiutilangink tahapkunani BNECH talvuna
atuktaulutik havakhikhimayunik pinnaktukhanik naunaitkutakhanik tahapkunani BNECH. Talvuna
ilidjuhikgiyainik, tahapkunani kufiutitanginik nurganiklu, tahapkunani hingaiyunik gulluvaknik imalu
alauyunik aulayuitunik tukihigiarutinik pihimayunik iniktikhimayunik havakhikhimayunik
adjiliukhimayunik ammigaitunik kufiutitanginik omingmaknik talvani nunainakmi kivatani Kugluktuk
kanuk naunaikhimayunik ammigaikpatiayunik TAH mikharut nirgitinik. Tahapkuay KHTO
pihimayunik havakhiktukhanik piyukhanik atugakhanik upalungaikhimayukhanik mikharut
havakhiktukhanik uniklutikhanik tahapkununa BNECH angunnahuaknikmun.

KRWB talvanilu KHTO piyunik havakutigiktunik talvani aullaktikgutikhanik aah ingilgangnitanik
kauhimayutukanik havakhautikhanik pilutik Apkutit naunaiyaklugit piyukhanik adjiliuktauyukhanik
takuvaktunik, angunnahuaknikmun, hila  alangukpaliayuk  havakhiklutik  naunaitunik
havakhikhimayunik.

5.4 Pidjutinaituk Hamani Nunani Angunnahuaknaituk Avaatingnut Nungumanginiklu

1) Havakhikhimayunik aah ‘Pidjutauyukhaungituk Talvani Nunani Angunnahuaknikmun Tuktunik

Avaatingnut Nungumanginiklu’ talvuna ikiklitivukhanik BNECH angunnahuaknikmun
nayugainik pikaktunik pinnaktaktunik apkuutainik.

Tahapkuat BNECH kakungukgangut kangniglivaktunik talvunga Kugluktuk talvuna upingami uvunatu
uukiakhami ingayanginik ingilgavaktunik apkutainik. Talvuna upingami imalu uukiakhak ingayanginik
ingilgavaktunik apkutainik. Pinnaktaktunik talvunga hivuganivyak wuatanivyakiu talvani Kugluktuk
pivaktuniklu ungahivyaktuk kanukgitilanganik 5-10 nik ungahiktilanganik havakhikhimayuk
pilakivakmut kugak naliak kugalialakivaktunik ingilgayunik havakhikhimayunik apkuutiliukhimayunik.
Uvunalu ikayutauvaktunik kilamik pinnaktukhanik angunnahuayuktunik talvani avaatingnut
nungumanginiklu atugakhaniklu naliak ayuikgutauvaktunik nalukhakgungnaikhugit mikaknik
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nayugainik kangnituanganik Kugluktuk mikharutlu BNECH kakungukgangut apkuutigivakgatlu
apkuhakhutik. Aah ammigaitunik BNECH angunnahuaknikmun talvani BNECH apkuhakhutik
talvunakukhutik nayuganiklu.

Tahapkuat KHTO havakhikhimayunik Makpiraliukhimayunik 5.7.3 pikangitunik-naunaitkutak nirgitinik
atugakhanik nungumanginik kangilimaitunik talvani Nunguyumik Ukiunganik Tamakpianganut
Katimadjutauyunik uvani Imakguktikvia 12, 2017 angunnahuaknikmun piyukhaungituniklu tuktunik
angunnahuaknikmun talvani nunani, pihimayunik takuyautaktunik uvani llidjuhinik 1 imalu Hidjuhinik
2. Una nayuganik avaatingnut 300 nungumangnikiu talvanga pidjutitkiyumikpaktunik pinnaktaktunik
angunnahuaknikmun talvanga Nunatuttukanik Kugluktuk. Pikaktunik hugyaitunik nunainik nukuttanik
nayuganik pidjutautaktunik atuktaulutik havakhiktukhanik pidjutauyukhaungituk talvani nunani
angunnahuaknikmun tuktunik avaatingnut nungumanginiklu ilauhimayunik ungiyunik kugaknik imalu
imngnakniklu. Talvuna havakhikhimayunik uvuna avaatingnut nungumanginiklupilutik naunaiklutik
hivituyunik ikiklitilutik tuktunik angunnahuaknikmun hivunikgiyainik ukiunik imalu hila maliklugu
tahapkuat BNECH ingilgayanginik apkutainik atukhutik kangnitanginik nunalingni talvanitunik nayuganik,
Uungahiktunik, ammigaitunik angunnahuakpaktunik pihimayut nalukhuvyakpaktunik
angunnahuaknikmun atugakhainik naliak ilihaktauyuinamik mikharut angunnahuaknikmun tuktunik
pitiakgutilugit, imalu ammigaikpalakpaktunik angunnahuakpaktunik nayuganik talvanitunik
pidjutitaktunikiu kayaknakhitiluni inukmik imalu angunnahuakpaktunik kayaknaitumik
ilthaktauyukhanik kauhimauyauyukhanik. Una pidjutauyukhaungituk talvani nunani
angunnahuaknikmun tuktunik avaatingnut nungumanginiklu havakhikhimayunik atugakhanik IQ
(illauyunik atianik talvani titikgakhimayunik). llauyunik ubluliukhimayunik kakugu nunai nayugainik
havakhiktaulutik uumiktaulunilu mikharut angunnahuaknikun.
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llidjuhinik 1. Tahapkuat KHTO “Pidjutauyukhaungitunik talvani nunani
Angunnahuaknikmun Avaatingnut Nungumanginiklu” naunaiyakhimayuk
titikgauyakhimayuk aupayaktumik. Una avaatingnut nungumanginik atadjutauyunik
talvanga Kugluk {Kugluktuk) uvanilu Kuungnahik {(Kungnakhik} Kugak, tamna taryuk
tunungani, uvunalu atautimiuyunik imngnaknik talvanitunik Hatongaat nayuganik
talvunga hivugangnivyak wuatangnivyak talvanilu Gurling Nuvukmi Imngnait talvunga
tununganivyak kivatani.

Kugluktuk No Carlbou Hunting Zone
The area inside the red cuting s the na hurtng Tone
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ilidjuhianik 2. Talvuna Angunnahuaknikmun Avaatingnut Nungumanginiklu”
naunaiyakhimayuk titikgauyakhimayuk aupayaktumik adjikiktunik Uktutikhanik
KHTO, kihimi nunatuttukanik havakhikhimayunik.

Kugluktuk No Caribou Hunting Zone
The area nside the red outine i$ the no hunkng e

Gurhng Pamt Clits

~runganikiRiver

Coppermine River -
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KANUKGILIDJUTIVAKTUNIK:
KUFIUTILANGINIK UVUNA
HIVITUYUNIK {120,000 +)

HAVAGILUGU:
MUNAKGIYAUYUKHANIK
HEALTHY POPULATION

PILUGIT ATUGAKHANIK

- llihaknikmun kanuktun
ilidjuhikgiyakhainik
angunnahuaknikmun

- Kayaknaktunik Nirgitinik
Huraat Havakhautikhanik

- Anguyauvaktunik
Havakhautikhanik

- Ingilgangnitanik
Pitkuhiktukpaktunik
katitiklugit

- Piyukhaungituk Hamani
Nunani
Angunnahuaknikmun
Avaatingnut
Nungumanginikiu
Havakhikhimayunik

- lhiviuktauvaktunik
Naunaitkutakhanik
katitiktauvaktunik —
atugakhaniklu
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KANUKGILIDJUTIVAKTUNIK:
KUFIUTILANGINIK UVUNA
AKUNGAINILU
IKIKLIVALIAYUNIK (60,000 +)

HAVAGILUGU: HAVAGILUGIT
AMMIHUAKYUIT
NAUYUKHANIK

PILUGIT ATUGAKHANIK

- Havagiyumiklugit
havakhautikhanik
munakgiyauyukhanik

- Nungumalingnik
angunnahuaknikmun

- Kayaknakpaktunik
Nirgitinik
Havagiyauyukhanik

- Ataniktutaulutik
Uniklutikhanik

- Ataniktutaulutik
lhiviukhinikmun
Naunaitkutakhanik
katitiklugit

- Ingilgangnitanik
Pitkuhiktukpaktunik
katiklugit

- llihaknikmun kanuktun

- Havakhautikhanik
Munakgiyauyukhanik
katitiklugit

- Havagilugit
Kakungukgaikpat
Katimadjutikhanik
pilingnik Tulia-
havakhautikhanik
panaarit, kavamait,
katimayit, nunalingni

- lvaavit
ingniukvit/Nunaap
Naunia Pirgumiyauyuk

Angunnahuaknaituk
Avaatingnut
Nungumanginikiu
Angunnahuaknaituk
nanminiliknik
piutigiyainik
Aiyukiktuinikmun
tahapkuninga
pangniiknik
angunahuaknikmun
Aiyukiktuinikmun
alauyunik nirgitinik
angunahuaknikmun
Aiyukiktuinikmun
tingmitikut/kufiutilangi
nik/gulluvak-nurgak
nallautakgutauvaktunik
;nurgak
ungnakpaktunik
nallautakgutauvaktunik
; ingniktikhimayunik
havakhiklutik
naunaitkutakhanik
ukiukgaikpat



KANUKGILIDJUTIVAKTUNIK:
KUFIUTILANGINIK UVUNA
IKIKLIYUNIK (20,000 -)

HAVAGILUGU: HAVAGILUGIT
AMMIHUAKYUIT
NAUYUKHANIK

PILUGIT ATUGAKHANIK

- Mikiyunik/Piyukhaungit
uk Angunnahuakluni

- Pangnik
Angunnahuaktautaktuk

- Havakhikhimayunik aah
Hila Maliklugu

- Ataniktutauyukhanik
Unikluktukhanik

- Havagiyumiklugit
havakhautit
munakgiyauyukhanik

- Kayaknaktunik
Nirgitinik
Munakgiyauyukhanik
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- Atanitutauyukhanik

katitikgiyukhanik

- itkuhiktuktunik

Kauhimayauvaktunik
katitikgilutik

- llihaknikmun

ilidjuhikgiyakhainik
angunahuaknikmun

- lvaavit

Ingniukvit/Nunaap
Naunia
Pirgumiyauyukhanik
Angunahuaknaituk
talvani
Aullaktikgutikhanik

- Angunnahuaknaituk

talvani nanminilingnik
piutigiyainik
angunahuaknikmun

panaarit, katimayit,

nunalingni

Narhugiyauvaktunik
Havakhautit alauyunik
alauyunik
angunnahuaknikmun
Aiyukiktuinikmun
tingmitikut/kufiutilangi
nik/gullavuk-nirgak
kufiutilanginik; nirgak
inuvaktunik
nallautakgutauvaktunik
; nugyuinik
kataakpaktunik
ingmingnik
ihiviuktauvaktunik
naunaitkutakhanik
aipagungukgangut
havagiplugit
Havagiyumikiugit
Havakhautit
Munakgiyauyukhanik



6. HAVAKHIKHAINAKTUKHANIK

1) Talvuna havakhikhimayunik aullaktikgutikhanik mikharut establishment KHTO
atsaniktuktauyumik havakhikhainaktukhanik atugakhanik kauhimayauyunik controlled

enforcement system regarding BNECH anguuyauvaktunik nallautakgutauvaktunik imalu
avaatingnut nungumanginiklu, ataniktutauyukhaniklu uniklutikhanik, uvunalu

angunnahuaknikmun_havagivakgainiklu angunnahuaknikmun nallautakgutauvaktunik
uvunalu avaatingnut nungumanginikly, havakhautikhanik uniklutikhanik, imalu

angunnahuaknikmun havagivakgainiklu.

Tahapkuat KHTO ihumadjutigiyainik mikharut pitiakgutaulutik tahapkunani nunalingni, uvunalu
akhukgutaulutik havakhiktauyukhanik malikgakhanik mikharut uktutikhanik ICCMP. Tahapkununa
havakhikhimayunik kitamiuktauvalakgamik tahapkunani NWMB pidjutiyukhanik havakhiktukhanik
kauhimavaktunik havakhiktauyukhanik malikgakhanik ilauyukhanik uktutikhaniklu, kihimi pilugit
ayuuknaitunik iniktauyukhanik. Havakhiktauyukhanik malikgakhanik ilauyunik nungumalingnik
hivunikgiyakhainik uktutikhanik atadjutiyunik uvuna: BNECH angunnahuaknikmun uktutikhanik,
pinnaktukhanik talvuna KHTO tutkikhakhimayunik havakhikhimayunik nakukgutauvaktunik; KHTO
akitiktuktauhimayunik alauyunit aaituktuivaktunik nunalingni angunnahuaktukhaniklu, uvunalu
KHTO panaarinik tahapkuatlu kavamat havakvit nalikmiklu ungutinik uvunalu nunami
hulilukakgutauvaktunik. Tamakpaliayunik atukgungnaikpaliayunik tahapkuninga atuktauvaktunik
pidjutauyuk ayuuknaktuk mikharut angunnahuaknikmun uktutikhanik imalu pikgutivaktunik
havagiyauvaktukhanik inungni kanukgilidjutivaktuniklu malikgakhanik hugiyuitainiklu, imalu
ilauyunik kangunaktunik ilauyunik ihuiyakhugit nakungiyakhugit nunalingni havakhiktauyukhanik
malikgakhanik uvunalu ipiknakpiaktunik kanukgiliuktukhaungituniklu.

Kanuk pihimagamik tahapkuat KHTO havakhikhimayunik malikgakhanik, naliak nipiikhimayunik
malikgakhaniklunin taimani pihimayut pitiaktauvakhimayut. Pivaktunik kauhimayauvaktunik
malikgakhanik havakhikhimayunik pidjutitkiyumikpaktunik nunalingni nakukiyauvaktuniklu
tuhaayauyukhanik pivaktutlu pitiaknakmut malikgakhanik havakhikhimayunik angiutauvaktunik
taakuyauvaktunik alauyunik pidjutiplutik, naliak atadjutiggingittunik tahapkunani nunalingni.

Aah ilidjuhikgiyaatut, tahapkuat KHTO ungiutauvaktunik naunaitkutalingnik malikgaliukhimayunik
ammigaiktunik uukiunik mikharut piyukhaungitunik itukpallilutik talvani Kugakmi Coppermine River
tunungani Kugluk, pihimangmataah ihumadjutigiplugit ammigaikpalakgumik iglukpaknik
pillakihungungmataah kuugluktitaihungungmataah huraanik nirgitinik, ilauyunik tuktunik atukpaganik
nunatuutukanginiklu. Una ifaagiyanik kuugak havakhikhimayunik ilauhimayunik nunataaknikmun
aviktuinikmun pilingnik ‘Piyukhaungitut Hamani Nunami Angunnahuaknaituk avaatingnut
nungumanginiklu’ naunaitkutalingnik uvani kulani. Pihimaitkulluakhutik tahapkuat KHTO
pikangitunik malikgalingnik angiutauvaktunik havakhiktauyukhanik nakukgutauyukhanik
(pihimangmataah nunaginginaamitku), tahapkuat nunalingni, pivaktunik ungiyuniklu, pivakhimayut
pittiakgutiplugit KHTO nakukgutauyukhanik imalu ikittunik naliak pitunik nuttanik iglukpaknik
pidjutaungitunik talvani Kugluktumi Kugani. Uvunalu ilidjuhikgiyanik kanuktun tamangnik Inuit imalu
Inungitunik talvani Kugluktukmi pitiakgutivaktunik tapkuninga KHTO.
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Hivunikgiyakhainik, havakhiktauyunik aah ICCMP pidjutitkiyumiklugit ikayutauyukhanik pilutik
hakugiktunik kauhimayauvaktunik ihumadijutigiyauvaktunik mikharut KHTO talvanilu Kugluktuk
nunalingni inungni maiikgakhainik atuklugit atugakhanik. Pigumi inuk uunikhiukgumagumi
tapfumunga ataatiaminut anaanutiaminut, ungayukaminut, ungangminut, ataakminut naliak
ilaanakmut huuk ihuinaktuk tamna, unalu pidjutitkiyumikpaktunik haakugituklu
kauhimayauvakhuni ilidjuhikgiyainik taimaitunik imalu haakugitkiyauyuk kauhimayauvaktuk
pilugit malikgakhanik mikharut pihimaitumik ihumalukhimaitumiklu talvuna kavamat
malikgakhanik piluni ilitukgiyautunilu ungahikluni imalu kauhimayaungitunik. Tahapkunani
havakhikhimayunik nuttanik mikharut pitiktaknikmun angunnahuaknikmunlu.

GN pilutik havakhiktauyukhanik talvanitunik 340 talvanilu HTO pilutik havagiyauyukhanik

ungnaluk/unguhuluk nallautakgutauvaktunik NQL pilutik havagiyauyukhanik pidjutinaitunik talvani
nunani angunnahuaknikmun talvuna ivaayunik ingniukvit hila malikhugu.
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7. HIVUMUT HIVUMUKNIKMUN

1) Naudjutauhimayuk mikharut havakhautikhanik imalu kinikhiayunik panaarikhanik piyukhanik
naudjutiyukhanik aah kayaknaktunik nirgitinik munakgiyauyukhanik havakhautikhanik

piyukhanik ikikliniakhimayukhanik nirginiakhimayunik nirgitinik aiyuknakhivaktunik mikharut
BNECH.

Mikharut ukiunik ammigaitunik, tahapkuat KHTO pivakhimayut ukaakhugit tahapkuat GN-DOE
mikharut takuyauvaktunik ammigaiktunik kayaknaktunik nirgitinik, kanukgitunik amaguknik
akhaaknik talvanitunik avaatingnut nungumanginik BNECH. Pitkuhiktukpaktunik, Inuit pivaktunik
angunnahuaknikmun amagunik imalu akhaknik talvanitunik nayuganik pivakgainik ubluktamat
inuhinik nunamitutik aaihikpani. Tadja tamakpiavyait!u Inungni talvanitunik
auiakgungnaikpaliaplutiklu aihikpaanut aaihimainalikhutik inugiangnikmi, pidjutiyunik tadja
ingnungni ikitkiyaullikhutik Inuit aaihikpanitunik aulaknit uvunalu pidjiyungnaikhutik uktutikhanik
angunnahuaknikmun tahapkuninga nirgitiniklu.

inuit pikaktut angunnahuaktungnikmun nalukhanginamik tamakpianginik, imalu pikaktunik
pidjutivakhimayunik aah hivituyunik ingilgangnitanik kauhimayuutukauyunik angunnahuayuktunik
amargukhiuyuktunik talvanitunik pikaktunik hakugiktunik aklingnaktunik angunnahuaknikmun
nalukhanginamik tamainik, imalu pikaktunik ammigaitunik ingilgangnitanik amagukhiuyuktunik.
Uvunalu atautimilu ammigaitunik ingilgangnitanik pitkuhiktukpaktunik kauhimayutukanik
tahapkuninga amagunik akhaaknik pipkaivaktut Inungni mikharut pinnahuaktungniktunik
havaktungniktunik atanguyaunikmunlu. Uvunalu ilidjuhikgiyainik, Inuit ilihimayunik humi
ammigaitunik hitinik nayugainik amagunik tatvanitunik BNECH avaatingnut nungumangnik talvani
Nunavut.

inuit auladjutivaktunik angunnahuaknikmun amagunik imalu akhaknik talvanitunik.
Ayuuknakhunilu, tahapkununa akikhautainik pidjutauyunik akikhikpiakhutik akhuut mikharut
ammigaitunik ukiunik pidjutiyunik akikhikpiakhutik adjikgiakhainiklu mikharut akittukpaktuk
angunnahuaknikmun. Tahapkuat GN pidjutiyunik uktutikhanik havakhautit ikayutauyukhanik
tahapkunani KHTO pilingnik kauhimayauyunik tahapkuninga kayaknaktunik nirgitinik
ikiklingangnahuakhugit. Uvunalu ilauyunik, tahapkuat KIA pikaktunik manikhakhautikhanik
ikayutauyukhanik tahapkunani KHTO pidjutauyukhanik havakhautikhanik mikharut kayaknaktunik
nirgitinik munakgiyauyukhanik. Tahapkuat KHTO piyunik auladjutiyunik havakutigikhutik
tahapkunani GN unalu KIA mikharut manikhakhautikhanik ikayutauyukhanik kayaknaktunik
nirgitinik munakgiyauyukhanik pilugit havakhiktauyakhainiklu ilingaitunik imalu ilidjuhikgiyainiklu
tahapkunani BNE Tuktunik Ammihuakyunik.

Taimaitulluamik havakhikhimayunik aah kayaknaktunik nirgitinik munakgiyauyukhanik
pangnattauyunik. Kaipkaklugit atautimut havakatigiktukhanik aullaktikgutikhanik
pangnattauyukhanik. Amagut ilihimayauyunik nikigivagainik tuktunik. Talvunalu
ihumagiyaungingnaktunik aah amagut nikigivakgainik kanukmi 25 nik huna naliautakgutauvaktunik
atauhikmik. Aah havakhktiakhimayunik iliktikhimayunik amagunik munakgiyauyukhanik
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havakhautikhanik atukpaktunik pitkuhiktukpaktunik ayuiknikmun Inungni pidjutitaktunik
aklikgungnakluni havaktungniktunik ikayutauyukhanik munakgiyauyukhanik tahapkunani BNECH,
uvunalu pilutik havagilugit puiguktukhaungitunik Inungni angunnahuaknikmun ayuikgutauvaktunik.
Pilutit talvuna ilidjuhikgiyanik havakhikhimayunik manikhakhautikhanik ungunnahuaknikmun
havakhikhimaunik pidjutiyanginik pinnahuaktungnikhiyanginik Inungni angunnahuaknikmunlu
pidjutiyukhanik aihikpani aullakhimalutik angunnahuaknikmuniu nikikhakhiuknikmun imalu
angunnahuaknikmun amagunik pidjutiyunik, pivaktunik angunahuaknikmun nikikgiplugit,
naunaitkutanit aah anguyauvaktunik 30 nik amagunik pidjutitaktunik nikigilugit 750 nik tuktunik
nirgiyaungitunik tahapkunanga amagunit, uvunaiu upalungaikhimayunik ikayutauyukhanik pilingnik
kufiutitanginik nauvakgiakhainiklu. Pilutiklu naunakhitilutik igluvaktilugitlu hilaa ukiunganik
malikhugu angunnahuaknikmun tahapkunanilu KHTO katimayit.

Tahapkununa pidjutauyuniktu pitkuhiktukpaktunik kauhimayauvaktunik akhanik kufiutilanginik
ammigailikhutik aklingnakhipiutik talvani Wuatani Kitikmeot Nunatuttukanik talvani Nunavutmi
tmalu takungnakhivaliayuniklu tunungani talvanilu kivatani. Mikharutlu ilihimayauvaktuk piliktunik
ammigailikhutik kufiutilangnik akhanik talvaniliktunik ivaavit ingniukvinik hivuagutiu
ingiukgiaktukpaktunik avaatingnut nungumangnik tapkuninga BNECH. Akhanik ilihimayauvaktunik
pidjutivaktunik tuktunik nirginiakhimayunik. Tahapkuat GN pihimayunik paaikhugu tamna
nauanaitkutauvaktuk angunnahuaknikmun akhanut tahapkunani inungni imalu
naahugiyauvaktunik mikharut angunnahuaknikmun naltautakgutauvaktunik akhanik nayuganik
kangnituanganik Kugluktuk piluni ungigliyumiklutik naunaitkutakhanik. Ammigaiyumiyunik
nallautakgutauvaktunik angunnahuaknikmunr piyakgaailiktunik takungnakhiyunik.

Tahapkuat Kitikmeot Inuit Katimayit piyakgaailiktunik havagiplugit kayaknaktunik nirgitinik
munakgiyauyukhanik nallautakgutauvaktunik imalu pilutik ikayuklutik pilingnik pirgumiyauyunik
manikhakhautikhanik mikharut kanukgitunik havakhautikhanik. Talvani Tunungani Nunatsiami
{NWT), angunnahuakpaktunik pidjutitaktunik ammigaivyaktunik manikhakhautikhanik mikharut
ikayutauyukhanik ungunahuaknikmun manikhakhautikhanik pidjutilutik tuukutiklugit amagunik
pidjutitaktunik naapkitaktunik akikhautikhanik niritinik amiinik, pigumitku amaguk tuukutaugumi
talvuna taatkikhiutinik taimailitkangut kanukgilidjutivaktunik ukiungani kanukgitunik amiinik
nirgitinik ilingaitut talvuna. Tahapkuat Kavamat Nunavutmi, uvani nunauyaliukhimayunik
nayugainik humi ilidjuhikginiakhugit ihumadjutigiyauvaktunik tahapkunani tuktunik, pidjutauiutik
adjilivktuutut tahapkunani GNWT havakhautikhanik tahapkunun ikayutauyukhanik
angunnahuaknikmun manikhakhautikhanik pilugit havakhautikhanik amagunik. Tahapkununa
ikayutauyukhanik angunnahuaknikmun manikhakhautikhanik pilugit pilugit tuniyauvaktukhanik
tamanut ukiunganik pidjutiyanginik angunnahuaknikmun talvani hitini amaguanik
takungnakgumiklu.

Tahapkuat KHTO havagiyauyukhanik mikharut aullaktikgutikhanik havakhautikhanik pidjutiyukhanik
nuttiklugit amaguanik talvuna auyami, kanuk akhuut ikiklitiyumikpaktuk nikikhanik nikikariakaktunik
tahapkunani amagunik. Uvunalu ilauyunik nakuyunik iliktikhimayunik ikayutauyukhanik
angunnahuaknikmun manikhakhautikhanik atugakhanik angunnahuaknikmun amagunik pitutik
atuklutik aklingnaktunik amagukhiuknikmun ayuikgutauvaktunik Inungni Inuit piyukhanik
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munakgiyauyukhanik ammihuakyuknik. Hivunikgiyakhainik, alakangitunik alauyunik
nunataknikmun katimayinik talvanitunik NWT, Inuit pikangitunik pitkuhiktukpaktunik
ikumagiyauvaktunik ukuahiknik atadjutivaktunik tahapkunani angunnahuaknikmun naliak
amikiplugit amagunik. Amakut puuhitait puuhitakgiyauvaktut atuktauvaktunik
ublukpakgulluaktilugu atuktauvaktunik ukiukhiutinik anurani puuhitakgiplugit talvanitunik
Kitikmeot Inuit. Tahapkununa ammigaikyumiyunik akhanik naunaitkutanik nungudjutilingnik
ubluinik tugakhanik atuknianut pilutik ikayutaulutik tahapkunani. Tahapkuat KHTO pidjutiyunik
niuviktauyukhanik mikharut advocating 10 nik akhaknik naunaitkutanik nungudjutilingnik ubluinik
tugakhanik atuknianut tahapkunani angunnahuakpaktunik ungiyunik nirgitinik akilikhugu
angunnahuaktauyukhanik nirgitinik. Naunaiyainikmun havakhikhimayunik ataniktutauyukhanik
uvani auyami mikharut Kuupanuakpanik (kupanuakpak) imalu pivaktunik ikhinaktunik tuktunik
nurganut.

Tahapkuat Havakvit Nunalikiyit havakhikhimayunik aah Amagunik Havakhautikhanik
naunaitkutakhanik katitikgiyukhanik talvanitunik Kitikmeot Nunatutukanik. Talvuna
havagiyauvaktukhanik uvuna havakhautikhanik piyukhanik katitikgiyukhanik katitiktauyukhanik
naunaitkutakhanik tahapkuninga amagunik imalu ammigaikpatiayunik kufiutilanginik amagunik
angunnahuaktauvaktunik.

2) Auladjutiplugit imatu nakuhitkiyauliktunik ilihaknikmun uvuna KHTO katimayit
havagiyauyukhanik tuktunik, pitiaknikmun angunahuaknikmun havagiyauvaktuniklu, uvunalu
avaatingnutlu nirgitinik angunnahuaktauyukhanik

Tahapkuat KHTO pidjutauyunik havakhikhimayunik tuktutigut ilihaktauyukhanik havakpauhinik
talvani Kugluktukmi. Uvani havakpauhinik ilauyunik havagiyauyukhanik kanuk
angunnahuaknikmun havagiyauvaktunik, uvunalu angunnahuaknikmun alakinikiu nirgitinik.
Pikaktuklu ammigaitunik alauyunik nirgiyauvaktunik nirgitinik talvani Kugluktukmi nunani ilauyunik
omingmaknik, tuktuvak, ikalukpik, natik, imalu tingmiakgiaktuklu pidjutigufuuktauhimayunik atiinik
tainiakgitkaa. Una ilihaknikmun havakpauhinik auladjutauyunik pidjutauyunikiu
ublukpakgu!luakiunitu ayuikgutauvaktunik kauhimayutukanik tahapkunanga Inungni tahkununga
inulguminik kingulinik imalu ilauyunik tukihigiarutinik ayuikgutauvaktuniklu pivaktuk
atadjutauvaktunik tahapkunani ICCMP. ilihaknikmun pilugit iniktiktaulutik malgunguklugit
wuiwuanganik: ilihaktitqauyukhanik ilihaknikmun kanukgitunik uvani pangnatauyunik (i.e.
angunnahuaknikmuniu avaatingnut nungumanginiklu imalu pitutiyukhaungitunik
angunnahuakningmun talvani nunani ilitukgiyaulimaituniklu tutkumayunik imalu
kauhimayaungitunik ubluliuktauyukhaniklu, tahapkununa naunaitkutakhanik mikharut
ammihuakyuknik imalu pitiagutauvaktunik angunnahuaknikmun havagiyauvaktunik tuktunik
(avaatainik pilugit atugakhanik, kanukgitunik taimaitunik hikuktuutinik)

3) Ungigliyumiktukhanik pinnahuaknikmun mikharut ungiglivumiktukhanik
naamukgiyauvaktunik naunaitkutanik nirgitinut nungudjutilingnik ubluinik atugakhanik
atuknianut_tahapkuat KHTO kauhimayauyunik omingmaknik talvanitunik Kugluktuk
angunnahuaknikmun nunani pivukhanik angnnahuaknikmun ayuuknakhivaktunik tahapkuninga
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BNECH.

Aah nuttamik omingmaitigut munakgiyauyukhanik avaatingnut nungumanginiklu
havakhikhimayunik tahapkunanga GN is MX-11. Tamna takungnaktuk talvani nunainakmi talvani
kivatani Kugluktum Kuganik tavungakaluk kangiklugu Kingauk talvunga wuatani Ellice Rivermi.
Tahapkuat KHTO havakhikpaktunik ukiunik titikgakhimayunik tahapkuninga omingmaknik
kufiutilanginik mikharut ammigaitunik titikgakhimayunik tahapkuninga omingmaknik kufiutilanginik
talvani hivugani kugtuktumi pidjutiyunik ungigliyumiktunik imalu havakhikariakaktuniktu tahapkuat
GN havagiiugit pidjutifaaklugit-tutkikhaklugit tahapkuninga TAH. Uvani 2013 tahapkuat GN
havagivakgainik naunaiyaknikmun naunaitkutakhanik talvanitunik wuatani 25% of MX-11 kanuklu
kangnitkiyauyunik Kugluktuk. Tahapkuat GN nallautaktauhimayunik pikaktunik aah omingmaknik
kufiutilanginik uvuna 6746 +/- 1851 talvanitunik kihimi wuatani talvani MX-11. (GN - DOE Kitikmeot
Omingmanik Angunahuaknikmun Munakgiyauyukhanik Pangnatauyunik 207-18). Tamakpianganik
Pidjutautaktunik Angunahuaknikmun tahapkuninga MX-11is 225.

Uvani Apitilikvia 2017, tahapkuat KRWB tuniyauvaktunik naunaitkutanik nirgitinut
nungudjutitingnik ubluinik atugakhanik atuknianut matiklugit: Ikaluktutiami HTO — 25;
Omingmaktok HTO — 40; Kingauk HTO — 40 talvanilu Kugluktuk HTO - 120.

Uvani Tatiaknakhivia 2017, tahapkuat KHTO tuniyauvaktunik tahapkuninga 120 naunaitkutanik
nirgitinut nungudjutilingnik ubluinik atugakhanik atuknianut maliklugit: 60 — aviktuinikmun
nunataknikmun; 10 - pikangitunik-naunaitkutanik aviktuinikmun nunataknikmun; 30 - nikitianik
nikinik havakhautit; 20 - akiliktuktauhimayunik ungunnahuaknikmun ungunnahuakpaktunik ingnit.
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Kugluktuk Angoniaktit Katimayit

“Anguniaktit imalu Nanirgiaktukpaktunik Katimayit pihimayut havakhikhimayunik mikharut
kauhimayauyukhanik pirgumiyauyukhanik angutinik nirgitiniklu talvanitunik Nunavutmi
Nunalingnilu, imalu havagilugit mikharut inuhikgingnaktumik mikharutlu pitkuhiktukpaktunik
ingilgangnitaniklu tahapkunani nunalingni pilutik malikgakhaniklu, havagiyaukyukhanik
munakgiyauyukhanik, aullaktikgutikhanik uvunalu havagiyauyukhanik nalikmiklu uiwuanik
talvanitunik Nunavutmi Angiutauvaktunik mikharut ikayutauyukhanik tamakpiangnik Inungni
hivunikgiktukhanik ukuingnik kakugu.” Malikgakhanik uvunalu Hivumuktukhanik talvani HTOs
talvanitunik Nunavutmi: Naunaitkutanik Hivuliuyunik Ataniktutauyukhanik Kavamainik, Nunavut
Inuit Angoniaktit Havaktiat Tutkikhaiyi Titikgaktiat.

Tadja Katimakatigikpaktunik talvani Ikhivautalingnik llanginik Katimayit:
Larry Adjun, lkhivautaiik Hivuliuktuiyi

Kevin Klengenberg, Tuklia-lkhivautalik Hivuliuktuiyi

Bobby Anavilok, Titikgaktiat Tutkikhaiyi-Manilikiyi

Stanley Carpenter, Ikhivautalik llangut Katimayit

Kevin Ongahak, lkhivautalik llangut Katimayit

Jayko Palongayak, Ikhivautatik llangut Katimayit

Myles Pedersen, Ikhivautalik llangut Katimayit

Amanda Dumond, / Atanik Havaktiat Tutkikhaiyi Titikgaktiat
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Kitikmeot Regional Wildlife Board
POPIDC o0 o¢ PLdeapiddedt bALMMPC
Kitikmeot Nunalit Aviknimariani Angutikhaligiyit Katimayit

Kitikmeat May 22, 2019

Nunavut Wildlife Management Board

P.0. Box 1379

Iqaluit, NU

Attn: Denis Ndeloh, Terrestrial and Avian Species Biologist

Dear Mr. Ndeloh,

Re: Kitikmeot Regional Wildlife Board Support for EHTA Request for
Additional Grizzly Bear Sport Hunts Tags

In response to our conference call on May 21, 2019, KRWB attempted to
followed up with Mr. Drikus Gissing to see if the Government of Nunavut had
any concerns regarding the EHTA request for five (5) additional grizzly bear
tags. Drikus was out on duty travel at the time and we did not get his
response. Further, he was to return from duty travel Monday, May 27, 2019.
After the NWMB deadline to receive briefing notes for their June 2019
meeting.

I'd also like to mention the rationale for EHTA's request for additional tags are
needed. EHTA has reduced caribou sport hunts on the Dolphin and Union
herd after canservation concerns were raised and that EHTA will stop the
sport hunts on the herd after the fall of 2019. This will take away income for
our local hunters.

We hereby submit this request for five (5] additional grizzly bear tags for the
Kitikmeot region and ask NWMB that GN’s comments or concerns be included
once they are available. Once again, Mr. Gissing is out on duty travel at the
time of our request for their input on this request.

It you have any questions, please do not hesitate to contact me or our staff,
Ema Qaggutaq at (867) 769-1007 or via email at krwh@niws.ca

Yours truly, '"F\'\k’"

| I
‘)5*‘ e

Jaiﬁé?f"an ioyak,
Chairperson cc. Drikus Gissing, GN
Bert Dean, NTI Wildlife
Robert Greenley, Chair of EHTA
KRAWES | PO Box 104 Kugaaruk NU | XOB 1KO | £.867.7680.1007 | £.867.769.1009 | www.niws.ca
NN™ESr<aiP 104 dLat oo 20 | XOB 1K0 | D %.5C867.769.1007 | hdCBE7.769.1000
KRWE-kut | Titigagagvia 104 Kugaaruk NU X0B 1KO | hivayauta B67.769.1007 | faxkut B67.769.1009
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Preface

The federal, provincial, and territorial government signatories under the Accord for the
Protection of Species at Risk {1996} agreed to establish complementary legislation and

programs that provide for effective protection of species at risk throughout Canada.
Under the Species at Risk Act (5.C. 2002, ¢.29) (SARA), the federal competent
ministers are responsible for the preparation of action plans for species listed as
Extirpated, Endangered, and Threatened for which recovery has been deemed feasible.
They are also required to report on progress within five years after the publication of the
final document on the SAR Public Registry.

Under SARA, one or more action plan(s) provides the detailed recovery planning that
supports the strategic direction set out in the recovery strategy for the species. The plan
outlines what needs to be done to achieve the population and distribution objectives
(previously referred to as recovery goals and objectives) identified in the recovery
strategy, including the measures to be taken to address the threats and monitor the
recovery of the species, as well as the proposed measures to protect critical habitat that
has been identified for the species. The action plan also includes an evaluation of the
socio-economic costs of the action plan and the benefits to be derived from its
implementation. The action plan is considered one in a series of documents that are
linked and should be taken into consideration together. Those being the COSEWIC
status report, the recovery strategy, and one or more action plans.

The Minister of Environment and Climate Change and Minister responsible for theParks
Canada Agency is the competent minister under SARA for the Porsild's Bryum and has
prepared this action plan to implement the recovery strategy, as per section 47 of
SARA_To the extent possible, it has been prepared in cooperation with the provinces of
British Columbia, Alberta, and Newfoundiand and Labrador and Nunavut Territory, as
per section 48(1) of SARA.

Success in the recovery of this species depends on the commitment and cooperation of
many different constituencies that will be involved in implementing the directions and
actions set out in this action plan and will not be achieved by Environment and Climate
Change Canada and the Parks Canada Agency, or any other jurisdiction alone. All
Canadians are invited to join in supporting and implementing this action plan for the
benefit of the Porsild's Bryum and Canadian society as a whole.

Implementation of this action plan is subject to appropriations, priorities, and budgetary
constraints of the participating jurisdictions and organizations.

The recovery strategy sets the strategic direction to arrest or reverse the decline of the
species, including identification of critical habitat to the extent possible. It provides all

2 www canada.calen/environment-climate-change/services/species-risk-act-accord-funding . htmkg2
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Canadians with information to help take action on species conservation. When critical
habitat is identified, either in a recovery strategy or an action plan, SARA requires that
critical habitat then be protected.

In the case of critical habitat identified for terrestrial species including migratory birds
SARA requires that critical habitat identified in a federally protected area® be described
in the Canada Gazette within 90 days after the recovery strategy or action plan that
identified the critical habitat is included in the public registry. A prohibition against
destruction of critical habitat under ss. 58(1) will apply 90 days after the description of
the critical habitat is published in the Canada Gazetfe.

For critical habitat located on other federal lands, the competent minister must either
make a statement on existing legal protection or make an order so that the prohibition
against destruction of critical habitat applies.

If the critical habitat for a migratory bird is not within a federal protected area and is not
on federal land, within the exclusive economic zone or on the continental shelf of
Canada, the prohibition against destruction can only apply to those portions of the
critical habitat that are habitat to which the Migratory Birds Convention Act, 1994 applies
as per SARA ss. 58(5.1) and s5. 58(5.2).

For any part of critical habitat located on non-federal lands, if the competent minister
forms the opinion that any portion of critical habitat is not protected by provisions in or
measures under SARA or other Acts of Parliament, or the laws of the province or
ferritory, SARA requires that the Minister recommend that the Govemor in Council make
an order to prohibit destruction of critical habitat. The discretion to protect critical habitat
on non-federal lands that is not otherwise protected rests with the Governor in Council.

* These federally protected areas are: a national park of Canada named and described in Schedule 1 to
the Canada National Parks Act, The Rouge Mational Park established by the Rowge National Urban Park
Act, a marine protected area under the Oceans Act, a migratory bird sanctuary under the Migratory Birds
Convention Act, 71984 or a national wildlife area under the Canada Wildiife Acf see a3 58(2) of SARA.
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Executive Summary

Paorsild's Bryum (Mielichhoferia macrocarpa) is a small brilliant green moss, often
associated with waterfalls and calcareous rock and known to occur in at least 17
populations throughout Canada. It was listed as Threatened on the Species at Risk Act
(SARA) Schedule 1 in 2011.

This action plan complements the Recovery Sirafegy for the Porsild’s Bryum in Canada
(Environment and Climate Change Canada 2016) and will be implemented in British
Columbia, Alberta, Munavut and Newfoundland. The proposed recovery measures in
this action plan address the objective set out in the recovery strategy for the entire
population and distribution of Porsild's Bryum in Canada.

Mo additional critical habitat is identified in this action plan, but it is expected that as the
Schedule of Studies is completed, additional critical habitat may be identified and
presented in an updated recovery strategy or action plan(s). Critical habitat identified in
the species’ recovery strategy is located on non-federal land and a federal protected
area and proposed measures to protect this critical habitat are presented in section 1.4
of this action plan.

The recovery measures included in this action plan are required to implement the
recommended recovery approaches outlined in the recovery strategy. Recovery
measures proposed for the Porsild’s Bryum are related to five broad strategies:
(1} inventory and monitoring, (2) research, (3) outreach / stewardship, (4) habitat
management, and (5) reintroduction and/or population augmentation.

The socio-economic evaluation was completed and it was determined that the direct
and indirect costs of implementing this action plan are anticipated to be low over the
short term (2019-2023) and the long term (2023 onwards). The implementation will
benefit other species, habitat and ecosystems.
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1. Recovery Actions

1.1 Context and Scope of the Action Plan

The taxonomic designation of Porsild's Bryum has changed over time. At the time of the
2003 COSEWIC assessment, it was considered to be in the genus Mielichhoferia
(Miefichhoferia macrocarpa (Hooker) Bruch & Schimper ex Jaeger & Sauerbeck). It was
then placed in the genus Bryum (Bryum porsildii (1 Hagen) Cox & Hedderson) and more
recently in the genus Haplodontium (Haplodonfium macrocarpum (Hooker) Spence).
The currently accepted name of the species is Haplodontium macrocarpum. These
names are synonomous and all refer to the Porsild's Bryum.

Porsild’s Bryum was assessed as Threatened by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) in 2003, then subsequently listed as such
on Schedule 1 of the Species af Risk Act (SARA) In 2011 using the name Mielichhoferia
macrocarpa. As such, this is the name used for the purposes of this action plan.

Porsild’s Bryum is a small brilliant green moss associated with shaded calcareous cliffs
or rock outcrops and continuous or intemmittent seepage (COSEWIC 2003; Environment
and Climate Change Canada 2016). The disfribution extent has changed little since it
was assessed by COSEWIC in 2003. It is known to occur in at least 17 populations in
Canada: 1 in British Columbia, & in Alberta, 7 in Newfoundland and Labrador, and 3 in
Nunavut (Environment and Climate Change Canada 2016). There is limited information
available to detemmine reliable trends in the population though loss of individuals and
colonies, and a decline in habitat quality, has been noted at some locations (COSEWIC
2003). Porsild’s Bryum has slow regeneration, limited dispersal ability, and nammow
substrate requirements that likely make recovering from threats such as drought,
temperature extremes, recreational activities, or stochastic events difficult (COSEWIC
2003; Belland and Limestone Bamrens Species at Risk Recovery Team 2006).

The recovery strategy identifies the following population and distribution objective for
Porsild's Bryum:
“To maintain or increase the number of colonies, and sub-populations for
all known extant populations of Porsild’s Bryum, while also maintaining or
increasing the distribution of colonies and sub-populations within each
population, and, where feasible, to reestablish the species to locations
where it has been extirpated and previously known to exist.”
(Environment and Climate Change Canada 2016)

This action plan addresses all populations of Porsild’s Bryum in Canada and should be
considered along with the Recovery Strategy for Porsitd’s Bryum in Canada
(Environment and Climate Change Canada 2016). The recovery strategy provides more
details on the strategic direction and approaches for recovery of Porsild's Bryum, critical
habitat information, and background information on the species and its threats.




244
245
246
247
248
249
250
251
252
233
254

Action Plan for the Porsild's Bryum

Provincial recovery documents for Porsild’s Bryum have been developed in Alberta
(Alberta Porsild's Bryum Recovery Team 2010) and Newfoundland and Labrador
(Belland and Limestone Barrens Species at Risk Recovery Team 2006). These
documents summarize provincial-specific distribution and habitat pattems, threats,
recovery initiatives, etc.

2019
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1.2 Measures to be Taken and Implementation Schedule

257  Table 1. Implementation Schedule

2019

{Environment and Climate Change Canada 2016).

Threats or
Recovery Measures Priority? objectives Timeline
addressed
Broad Strategy: Inventory and Monitoring
Conduct field surveys to locate Porsild’s Bryum populations and
subpopulations, both within and adjacent to the species’ known range
and in other potential locationz deemed to have suitable habitat, to
determine the species complete population size and distribution. : :
Alberta Porsild's Bryum Recovery Team (2010), Belland and High Kammcdye: ghips Ouigeing fo 20
Limestone Barrens Species at Risk Recovery Team (2006), and
Environment and Climate Change Canada (2016) identify areas of
particular interest.
Survey all sites to determine baseline population sizes, and identify : Knowledge gaps; ’
threats and their impacts. High All threats ngasng b HIZ1
Develop and implement a long-term menitoring program which By 2021, then
examines population sizes and dynamics, colony numbers, threats, Knowledge gaps: regularty
habitat trends (e.g., air temperature, relative humidity, and water High Al threats i {frequency
guality), and microclimate trends at selected sites throughout the e dependent on
species’ range. location)
Broad Strategy: Research
Develop and implement a research plan to determine the detailed
biclogical needs of the species (e.g., physiological tolerances to light ; Knowledge gaps; I
and temperature, water chemistry and substrate requirements, and High All threats gy v 2121
resilisnce to disturbance), and habitat conditions.
Further identify limiting factors and natural threats not already
presented in the Recowvery Sirategy for the Porsild's Bryum in Canada High Knowledge gaps By 2021
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B Create a habitat model to predict species presence at potential sites. Low Knowledge gaps Ongeing to 2022
T Develop minimum viable population estimates. Low Kmowledge gaps By 2028
Broad Strategy: Outreach / Stewardship

Develop educational maternal (e.g., brochures, displays at
interpretative centres, and signage within protected areas) and other : Recreational :

B outreach initiatives to increase public understanding of threats to the N activities Cnpoing to K23
species and promote stewardship.
Work with various levels of govemment, stakeholders, and the TR AL

g general publln? to identify snlutmn; for minimizing known threats Mediim i Ongoing fo 2021
(e.g., preventing campfires at Whitehorse Creek, Alberta, or Industrial activity
preventing recreational use of cliffs at Ribbon Creek, Alberta).
Where appropriate, collaborate with industrial partners to minimize
the effects of industrial activities (e_g., road dust in Mountain Park,

10 Alberta). Avenues for collaboration include (but are not limited to) Medium Industrial activity Ongeing to 2021
regular meetings [ discussions, the development of beneficial
management practices, and reviewing work procedures.
Encourage the involvement of the public and industrial stakeholders Rzgﬁﬂifgal

11 in implementation efforts, including monitoring (where feasible) Medium Industrial ar.tiv.-ity' By 2021
(e.g., through Adopt-a-Planf Alberta program). Kiioadedge gaps

Broad Strategy: Habitat Management
e : - : Recreational

2 :Errm.:{re l:rrttlcatl Zﬁblt&[ for extant populations on federal lands is High setivilies: Coipliatad)
HEh prerac. Industrial activity
Work with provinces and landowners to secure effective protection of . Recr!egt_lon.al

13 i : : High activities; By 2020
criical habitat for extant populations on non-federal lands. ndistiial activity

14 Install and maintain fencing, signage, etc. in strategic locations to Medium Recreational Ongoing to 2021,

conserve subpopulations vulnerable to recreational activities

activities

then as required
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(e.g., Ribbon Creek Lower and Upper, Whitehorse Creek 2, and
Whitehorse Creek Boulder), if deemed necessary for population
survival and recovery.
Recreational

15 When feasible, restore habitat at damaged locations. The necessity, Mediim activities; A iR

extent and type of restoration will be site specific. Industrial activity; q
Stochastic events
Broad Strategy: Reintroduction and Population Augmentation

16 Develop reintreduction protocols. Medium All threats By 2022
Determine the feasibility of reintroduction and population .

LEA augmentation and identify priority sites for implementation. B i o thenls By 2023
Re-introduce plants to restored habitat andfor implement population . :

L augmentation, if deemed feasible. Bc i S tenbs Rarequiren)

For at least 5-10
19 Maonitor effectiveness of reintroductions. Medium All threats years post

reintroduction

2 “Priority” reflects the degree to which the measure contributes directly to the recovery of the species or is an essential precursor to a measure
that contributes to the recovery of the species. High priority measures are considered those maost likely to have an immediate and/or direct
influence on attaining the population and distribution chjectives for the species. Medium pricrity measures may have a less immediate or less
direct influence on reaching the population and distribution objectives, but are atill important for the recovery of the population. Low pricrity
recovery measures will likely have an indirect or gradual influence on reaching the population and distribution objectives, but are considered

important contributions to the knowledge base andfor public involvement and acceptance of the species.
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1.3 Critical Habitat
1.3.1 ldentification of the Species' Critical Habitat

Critical habitat of Porsild’s Bryum was partially identified in section 7 and Appendix A of
the federal recovery strategy (Environment and Climate Change Canada 2016). The
recovery strategy also contains details about the identified critical habitat including its
geospatial extent and biophysical attributes (section 7.1) (Environment and Climate
Change Canada 2016). Please refer to that document for details.

Given the best available information, no additional critical habitat for Porsild's Bryum
can be identified in this action plan. Critical habitat will be updated in an amended
recovery strategy or additional action plan once the Schedule of Studies is completed.
Refer to section 7.2 of the federal recovery strategy for a Schedule of Studies
necessary to complete critical habitat identification (Environment and Climate Change
Canada 2016).

1.3.2 Activities Likely to Result in Destruction of Critical Habitat

Examples of activities likely to result in the destruction of critical habitat may be found in
section 7.3 of the federal recovery strategy (Environment and Climate Change Canada
2016).

1.4 Proposed Measures to Protect Critical Habitat
1.4.1 Proposed protection measures on Federal Lands

Critical habitat of Porsild’s Bryum in Munavut is identified within Quttinirpaaq National
Park of Canada and has been legally protected by the process outlined in subsection
58(2) of SARA, as well as by the Canada National Parks Act. In addition, the Parks

Canada Agency may use existing management fools to prevent destruction of critical
habitat, such as posting notices, restricting access to the area, and educating visitors.

1.4.2 Proposed protection measures on Non-federal Lands

With regard to critical habitat on non-federal lands, Environment and Climate Change
Canada will work with the Governments of British Columbia, Alberta, Nunavut, and
Newfoundland and Labrador to report on critical habitat protection.

SARA requires that if, after consulting with the appropriate provincial or territorial minister,
the Minister is of the opinion that the laws of the province or temtory do not effectively
protect the critical habitat of the species, then the Minister must make a recommendation to
Governor in Council that an order be put in place to prevent the destruction of critical
habitat.

The implementation of conservation measures is an important complementary strategy
for preserving this species’ critical habitat. Environment and Climate Change Canada
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will work with the applicable provinces, non-govemmental organizations, and individuals
to facilitate the implementation of conservation measures.

2. Evaluation of Socio-Economic Costs and of Benefits

The Species At Risk Act requires that an action plan include an evaluation of the
socio-economic costs of the action plan and the benefits to be derived from its
implementation (SARA 49(1)(e), 2002). This evaluation addresses only the incremental
socio-economic costs of implementing this action plan from a national perspective as
well as the social and environmental benefits that would occur if the action plan were
implemented in its entirety, recognizing that not all aspects of its implementation are
under the jurisdiction of the federal government. It does not address cumulative costs of
species recovery in general nor does it attempt a cost-benefit analysis. Its intent is to
inform the public and to guide decision making on implementation of the action plan by
partners.

The protection and recovery of species at risk can result in both benefits and costs. The
Act recognizes that “wildiife, in all its forms, has value in and of itseif and is valued by
Canadians for aesthetic, cultural, spiritual, recreational, educational, historical,
economic, medical, ecological and scientific reasons”™ (SARA 2002). Self-sustaining and
healthy ecosystems with their various elements in place, including species at risk,
contribute positively to the livelihoods and the quality of life of all Canadians. A review of
the literature confirms that Canadians value the preservation and conservation of
species in and of themselves. Actions taken to preserve a species, such as habitat
protection and restoration, are also valued. In addition, the more an action contributes to
the recovery of a species, the higher the value the public places on such actions
(Loomis and White 1996; Fisheries and Oceans Canada 2008). Furthermore, the
conservation of species at risk is an important component of the Government of
Canada’s commitment to conserving biological diversity under the Infernational
Convention on Biological Diversity. The Government of Canada has also made a
commitment to protect and recover species at risk through the Accord for the Protection
of Species at Risk. The specific costs and benefits associated with this action plan are
described below.
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2.1 Policy Baseline

The provinces of British Columbia, Alberta, and Newfoundland and Labrador, the
Tertory of Munawvut, and the federal government have access fo many legislative,
requlatory, and management tools for the conservation and stewardship of Porsild’s
Bryum (e.g., endangered species legislation, protected areas legislation, and
environmental assessments). For example, Porsild's Bryum is listed as Endangered
under Alberta's Wildiife Act and Threatened under Newfoundland and Labrador's
Endangered Species Act. In addition, the populations in Nunavut occur within a national
park and are subject to the Canada National Parks Act while the population in British
Columbia occurs within a provincial park subject to British Columbia's Park Act.

Both Alberta and Newfoundiand and Labrador have published recovery strategies for
the species and recovery activities have been initiated in Alberta (AESRD 2013).

For example, microclimatic sensors were installed at the Mountain Park population in
Alberta (2011-12) to document key temperature and relative humidity conditions during
the growing season. In addition, baseline site characteristics, including water and rock
chemistry data, was obtained from several of the Alberta populations (AESRD 2013).
A sign was erected at one site in Alberta near a popular campground by to inform
campers about several plant species present, including Porsild’s Bryum, and the
importance of protecting them. Nationally, field surveys have recently (ca. 2015) been
conducted at several of the populations of Porsild's Bryum in Canada in support of an
updated COSEWIC status report.

Industrial policies and work procedures already in place may also contribute to the
implementation of this action plan and thus the conservation of Porsild's Bryum.

For example, dust levels along a haul road servicing a coal mine site adjacent to
Mountain Park, Alberta, have been monitored to inform potential mitigative measures to
reduce any impact to the species (Alberta Government 2014).

Additionally, many recovery measures can be carried out by federal or provincial
species at risk funding programs, contributions by recovery biologists, or research by
university partners.

2.2 Socio-economic Profile and Baseline

The measures outlined in this action plan relate primarily to inventory and monitoring,
research, outreach and education and habitat management. Populations of Porsild’'s
Bryum occur primarily within federal and provincial protected areas and parks. There
are few communities or individuals that would be affected by the implementation of the
measures identified in the action plan for Porsild’s Bryum.

Within British Columbia, Porsild’s Bryum is only known to occur within Muncho Lake
Provincial Park and in Nunavut all populations are currently known from Quttinirpaaq
National Park. Quitinirpaaq National Park is within the Nunawvut Land Claims Agreement
and is an area particularty important to Inuit from Grise Fiord and Resolute Bay.
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However, the implementation of this action plan (i.e., inventory and monitoring,
research, outreach and education and habitat management) is expected to have little to
no effects on these communities.

Although Porsild's Bryum is found outside of federal or provincial protected areas in
Newfoundland and Labrador, a non-governmental organization is actively involved with
conservation and stewardship initiatives in the nearby limestone bamens. This recovery
and conservation partnership has been ongoing in the area for several years in an effort
to restore habitat and promote the long term protection and conservation of Porsild's
Bryum and other species at risk in the area.

In Alberta, most of the recovery measures for the species will take place in various
provincial protected areas with varying levels of protection. Potential affected
stakeholders include transmission and telecommunication companies with dispositions
on provincial lands and the mining industry. Porsild’s Bryum is found within traditional
ternitories of numerous First Nations in Alberta, but the implementation of the action plan
(i.e., inventory and monitoring, research, oufreach and education and habitat
management) is expected to have little to no effects on these communities.

2.3 Socio-economic Costs of Implementing this Action Plan

Costs are those directly associated with the implementation of the recovery measures
identified in the implementation schedule (Table 1), as well as those encountered as a
result of that implementation. Only the incremental costs are considered and therefore
do not include ongoing actions or initiatives discussed in section 2.1 (Policy Baseline).
The direct and indirect costs of implementing the action plan are expected to be low
{between 50 and $5 million) over the short term (2019-2023). Costs at the regional or
provincial scale are expected to be minimal. Long-term (2023 onwards) costs are also
expected to be minimal.

Social costs are the potential costs associated with implementing the action plan, which
may have an impact on various stakeholders. Because there are a small number of
known occumrences, the majority of occurrences are in protected areas, and there is
lack of human-use associated with this species, the social costs anticipated from the
implementation of this action plan are low.

2.4 Benefits of Implementing this Action Plan

2.4.1 Value of biodiversity to Canadians

It is anticipated that this action plan will contribute to the recovery of Porsild's Bryum
and lead to the achievement of the population and distribution objective and the
conservation and protection of habitat for the species.

Biodiversity is essential for healthy ecosystems, human health, prosperity, security, and
wellbeing. Canadians derive many benefits from biodiversity including recreational,
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aesthetic, educational, cultural benefits as well as ecological goods and sernvices
essential to human survival. Care for the environment is consistently ranked as one of
Canada’s top priorities in public opinion polls*. An opinion poll found that three quarters
of Canadian respondents feel that preserving natural areas and the variety of native
plant and animal life in Canada is important to them?.

The total value of endangered species consists of non-consumptive use values (such as
recreation, spiritual/cultural, research, and education), indirect use values (value of the
ecological role of a species in an ecosystem), and non-use values (i.e., presenving the
benefits of nature for future generations)®. Implementing the recovery measures of this
action plan will have a positive impact on society. The direct value of this
implementation, for the preservation or the enhancement of biodiversity, is not easily
estimated.

2.4.2 Eco-tourism and cultural values

Eco-tourism is the fastest-growing area of the tourism industry (Mastny 2001;

UNEP 2013). In 2004, this market grew three times faster than the industry as a whole
and the World Tourism Organization estimates that global spending on eco-tourism

is increasing by 20% a year, about six times the industry-wide rate of growth

(TEEB 2008). Many of the Porsild's Bryum subpopulations are already located in or
near parks (see Table 2 of the recovery strategy for details), but it is possible that
education and stewardship activities may lead to a small increase in eco-tourism

activity.
2.5 Distributional Impacts

Porsild’s Bryumn occurs on provincial, federal, and private properties, and the majority of
sites are within protected areas. Thus, private landowners are not expected to absorb
the direct incremental costs for the species’ recovery. Any indirect incremental costs
resulting from the implementation of recovery measures will be shared. Should
additional populations of Porsild’'s Bryum be discovered on private land through
activities identified in this action plan, the distributional impacts will be re-assessed.

4 Canada’s Fourth National Report to the United Mations Convention on Biological Diversity, 2010.
Available online hip.fhwww.chd int'dociworldical/ca-nr-04-en.pdf Accezsed December 3, 2010.

* Ipsos Reid Opinion Poll *Mine in Ten (87%) Canadians Say That When Connected to Nature They Fesl
Happier." Released January 7, 2011, www_ispsos.ca

& Mon-use values include begquest value (satisfaction of knowing that future generations will have access
to nature's benefits), aliruist value {satisfaction of knowing that other people have access to nature's
benefits) and existence value (satisfaction of knowing that a species or ecosystem exists).

10
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3. Measuring Progress

The performance indicators presented in the associated recovery strategy provide a
way to define and measure progress toward achieving the population and distribution
objectives.

Reporting on implementation of the action plan (under section 55 of SARA) will be done
by assessing progress towards implementing the broad strategies.

Reporting on the ecological and socio-economic impacts of the action plan (under s. 55
of SARA) will be done by assessing the results of monitoring the recovery of the species
and its long-term viability, and by assessing the implementation of the action plan.
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Appendix A: Effects on the Environment and Other Species

A strategic environmental assessment (SEA) is conducted on all SARA recovery
planning documents, in accordance with the Cabinet Directive on the Environmental
Assessment of Policy, Plan and Program Proposals’. The purpose of a SEA s to
incorporate environmental considerations into the development of public policies, plans,
and program proposals to support environmentally sound decision-making and to
evaluate whether the outcomes of a recovery planning document could affect any
component of the environment or any of the Federal Sustainable Development
Strategy’s® (FSDS) goals and targets.

Recovery planning is intended to benefit species at risk and biodiversity in general.
However, it is recognized that implementation of action plans may also inadvertently
lead to environmental effects beyond the intended benefits. The planning process
based on national guidelines directly incorporates consideration of all environmental
effects, with a particular focus on possible impacts upon non-target species or habitats.
The results of the SEA are incorporated directly into the action plan itself, but are also
summarized below in this statement.

The measures set out in this document are expected to have no negative effects on
other species. Many of the measures pertain to inventory / monitoring or research and
therefore should not adversely impact other species. Other actions pertaining to
outreach / stewardship and habitat management may create benefits for the
surrounding habitat and ecosystems.

7 www _canada. cafenfenvironmental-agsessment-agency/programa/airategic-environmental-
assessment/cabinei-directive-environmental-assessment-policy-plan-program-proposals. himl

# www _ec.gc.caldd-sdidefault. asplang=En&n=CD30F295-1
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Adopted under Section 69 of SARA
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Management Plan for the Polar Bear (Ursus
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