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Agenda for the Nunavut Wildlife Management Board Public Hearing to Consider the
Government of Nunavut's Proposal to Modify the Total Allowable Harvest for Bathurst

Caribou from 30 to 0

Day One: March 05, 2020
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) _ Opening Prayer and Chairperson opening remarks & .

9:00 - 9:20 a.m. NWMB Review and approval of Hearing Agenda 20 minutes

920 — 9:35 a.m. NWMB Legal counsel review of the hearing process, rules, 15 minutes
and schedule

9:35 — 10-05 a.m. Governm_ent of Nunavut-Department' of Environment: 30 minutes
presentation of the Proposal for Decision

10:05 - 10:20 a.m. Coffee Break 15 minutes

10:20 — 12:00 p.m. Questions and cgmments on the Government of Nunavut's 2 hours
Proposal for Decision

12:00 — 01:15 p.m. Lunch Break 1 hour: 15

minutes

Questions and comments on the Government of Nunavut's

1:15-2:15 p.m. . . 1 hour
Proposal for Decision continue

2:15 - 2:45 p.m. Kugluktuk Angoniatit Association's presentation 30 minutes

2:45 — 3:00 p.m. Questllor?s e}nd commer.1ts on the Kugluktuk Angoniatit 15 minutes
Association's presentation

3:00 — 3:15 p.m. Coffee Break 15 minutes

3:15 — 3:45 p.m. Bay Chlmo Hunters and Trappers Organization's 30 minutes
presentation

3:45 — 4:00 p.m. Questions and clom.me'nts on Bay thmo Hunters and 15 minutes
Trappers Organization's presentation

4:00 — 4:30 p.m. Bathurst I'nlet Hunters and Trappers Organization's 30 minutes
presentation

4:30 — 4:45 p.m. Questions and gomrne'nts on Bathgrst Inlet Hunters and 15 minutes
Trappers Organization's presentation

4:45 - 5:15 p.m. Ekaluktutl_ak Hunters and Trappers Organization's 30 minutes
presentation

5:15 — 5:30 p.m. Questions and comments on Ekaluktutiak Hunters and 15 minutes

Trappers Organization's presentation

Day Two: March 06, 2020
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Time of Day Description Time
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THE PURPOSE of this Nunavut Wildlife Management Board (NWMB) in-person public
hearing is to consider the Government of Nunavut’'s Proposal for Decision (Proposal) to
the Board seeking to Reduce the Total Allowable Harvest of Bathurst caribou from 30 to
0. The Proposal, along with other documents comprising the best available information
to date, is available for review or download from the NWMB’s website
(www.nwmb.com).

HEARING RULES:

1. The NWMB (the Board) shall provide notice to the public at least thirty (30) days
prior to the deadline for filing hearing submissions.

2. Any interested person or body may file with the Board a written submission and
supporting documentation[1] in response to the Bathurst caribou management
Proposal duly translated into Inuktitut/Inuinnagtun or English as the case may be
— by no later than 5:00 p.m. (Igaluit time) on February 14, 2020.

3. Unless advance persuasive written and translated reasons are provided to the
Board for late filing, the Board will not consider materials for this hearing that are
not filed on time.

4. The requirements for translation of submissions and supporting documentation
filed with the Board does not apply to individual members of the public.

5. For all others who file supporting documentation with the Board, the requirement
for translation does not apply to such documents over ten (10) pages in length,
as long as each supporting document that is not translated is accompanied by a
concise, translated summary (English and Inuktitut) at least two (2) pages in
length.

6. The Board shall ensure that all materials filed with it or produced by it are made
publicly available, subject to relevant confidentiality or privacy concerns.

7. The NWMB shall provide simultaneous English and Inuktitut/Inuinnaqtun
translation at the hearing, to the extent reasonably possible.

8. A quorum of NWMB members shall be present at the hearing.

9. Any representative or agent of the Government of Canada or Government of
Nunavut, any Hunters and Trappers Organization or Regional Wildlife
Organization, and any Inuk shall be accorded the status of party for the hearing.

10.Unless invited by the Board to be a party, any other person or body wishing to be
named as a party by the Board shall make an appropriate request in writing to
the Board.


http://www.nwmb.com/
https://www.nwmb.com/en/conservation-education/list-all-documents/public-hearings/2020/in-person-public-hearing-to-consider-the-government-of-nunavut-s-proposal-to-decrease-the-total-allowable-harvest-for-bathurst-caribou-from-30-to-0/summary-70#_ftn1

11.All parties and other participants at the hearing are required to treat one another
and the NWMB with respect.

12.The NWMB shall provide a reasonable opportunity for oral presentations from
each of the parties at the hearing by their choice of official, expert or counsel.

13.Any member of the NWMB, the NWMB’s Executive Director, Director of Wildlife
or the NWMB’s Legal Counsel may ask relevant questions of any other party at
the hearing.

14.Any party may ask relevant questions of any other party at the hearing.

15.The NWMB shall provide members of the public in attendance at the hearing a
reasonable opportunity to make statements and to ask questions of the parties
and the NWMB.

16.Every person at the hearing wishing to speak or ask a question shall raise his or
her hand and shall only speak once the NWMB Chairperson has recognized him
or her.

17.The NWMB Chairperson reserves the right to place reasonable time limits on
presentations, statements and questions.

18.The NWMB shall make an audio recording of the hearing available upon request.

[1] “Supporting documentation” refers to one or more studies, articles, opinions or other
documents separate from a person’s or organization’s written submission, filed as
additional evidence and/or arguments in support of that person’s or organization’s
submission.


https://www.nwmb.com/en/conservation-education/list-all-documents/public-hearings/2020/in-person-public-hearing-to-consider-the-government-of-nunavut-s-proposal-to-decrease-the-total-allowable-harvest-for-bathurst-caribou-from-30-to-0/summary-70#_ftnref1
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Issue: Bathurst Caribou herd population estimate from 2018 calving

ground photographic survey and harvest recommendations.

Background

The Bathurst Caribou herd is harvested by hunters in the Northwest Territories and
Nunavut (Kugluktuk, Cambridge Bay, Bathurst Inlet, and Bay Chimo).

In the mid-1980s, close to half a million Bathurst caribou were present on their annual
range. From 2006 to 2009, the herd declined drastically to about 32,000 caribou.

In December 2010, new management regulations were adopted by the Government
of the Northwest Territories (GNWT). These included the closure of outfitting and
commercial harvests and a limitation on Aboriginal harvest of up to 300 caribou.

The 2015 population estimate was 19,700 Bathurst caribou, which is significantly
lower than the 2012 population estimate of 35,000 caribou. The 2015 estimate is 37%
lower than the 2012 estimate with an annual decline of 14%.

In response to the 2015 population estimate, the GNWT imposed a moratorium on
hunting Bathurst caribou, while the Nunavut Wildlife Management Board set a Total
Allowable Harvest (TAH) of 30 male caribou, for Nunavut.

The decline is believed to be the result in part of natural cycles. Harvest pressure and
disturbance due to development could exacerbate the decline, and impact recovery
of the Bathurst caribou herd.

Current Status

Since 2017, the Department of Environment (DOE) has been an active participant in
coordinating, developing, and providing technical support to an inter-jurisdictional
(Nunavut and Northwest Territories) management plan for the Bathurst Caribou herd.

The 2018 photo population estimate primary results suggest a further decline of the
Bathurst herd, to approximately 8,210 animals. This is significantly lower than the
2015 population estimate of 19,700 caribou.

Government of Nunavut RMO004-2019



e For the 2018-2019 harvest season, the TAH allocation was decided as follows: 20
tags for the sport hunts from Bay Chimo (Umingmaktok) and Bathurst Inlet Hunters
and Trappers Organizations (HTOs) and the remaining 10 tags were allocated to
local hunters in Kugluktuk.

e According to the Kugluktuk HTO by-laws, their allocation (10 tags) is to be used for
subsistence only (cannot be used for sport hunting) and these tags were further
allocated equally between the Kuodluak family (5 tags) and the Himiak family (5 tags)
that live around Contwoyto Lake.

e The DOE continues to work closely with the affected communities of Kugluktuk,
Cambridge Bay, Bay Chimo (Umingmaktok) and Bathurst Inlet, and co-management
partners including Nunavut Tunngavik Incorporated (NTI), HTOs, and the Kitikmeot
Regional Wildlife Board to identify appropriate management actions.

Consultations

e The results of surveys were communicated to co-management partners and HTOs
during a consultation on October 7, 2019, in Cambridge Bay. Representatives from
the HTOs of Kugluktuk, Cambridge Bay, Bay Chimo, and Bathurst Inlet were present
at the consultations, along with NTI.

e At the consultation on October 7, the DOE indicated a recommended moratorium on
the harvest of Bathurst caribou. It was stated by HTO members at the consultation
that a moratorium on the Bathurst caribou herd would have negative impacts on food
security, as well as economical, and cultural implications for the communities who
harvest Bathurst caribou. The communities expressed strongly that they want
additional management recommendations to be considered such as predator control
with higher incentives.

Recommendation

e The Department of Environment recommends to the Nunavut Wildlife Management
Board a TAH of 0 for the Bathurst Caribou herd.

Government of Nunavut RMO004-2019
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2018 POPULATION ESTIMATE OF THE BATHURST CARIBOU HERD

(Rangifer tarandus groenlandicus)

Lisa-Marie Leclerc, Kitikmeot Regional Biologist




The Department of Environment (DOE) would like to
inform the Board of the 2018 estimate of Bathurst
Caribou herd
and ask the board to make a decision on the proposed
management recommendations
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Herd Estimate

The Bathurst herd’s calving grounds are located in
Nunavut

The Bathurst caribou herd reached peak estimates at
472,000 animals, in 1986

The herd initially declined slowly in the 1990s and
then more rapidly after 2003
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Collared caribou locations - 2018
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Movement rates of female collared
caribou before and during calving
in 2018.

Before flying the visual strata (coloured boxes), we
examined daily movement rates of female cows, and
collared caribou locations within the strata.

The visual survey needs to be done no later than 3-4
days after the reconnaissance survey.

Bathurst 2018 survey
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Photo Strata

Strata, identified as high density (red), are
flown at a higher percentage of coverage
(56%) by a photo plane.

Surveyors then count caribou on each
photo to generate a more precise number.

Caribou Bathurst Lines 1.15
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Calving ground and Fall composition survey

Table 11: Summeary of composition survey results on Bathurst calving ground June 2018 in
photo and visual strata.

Stratum # Adultr females Yearlings Bulls Total
gEroups caribou
(1 yr+)
Total breeding mon-
breeding
Photo B0 1.517 1.134 3IB3 242 O 1. 759
Wisual East 38 45 20 26 33 36 115
WWisual West 52 135 T2 63 o4 34 263
Cows Bulls Calves  Groups fﬂ‘ﬁﬁﬁfﬁ
940 532 431 30 R I
3 Visual east
) Visual west
Calving ground composition surveys are
used to determine the proportion of
breeding females, non-breeding females,
yearlings, and bulls.
Fall composition surveys are used to

determine the ratio between bulls and 3
COWS. P e
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2018 Bathurst Caribou Herd Estimate

The estimate of adult Bathurst caribou (2 years old) is 8,207.
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Estimation of Bathurst adults females, emigration to the Queen Maud Gulf

Emigration does happen between herds at an estimated rate of 3% switching and 97%
fidelity in the Bathurst herd.

11 known Bathurst cow collars were used during the survey. Eight went to the
traditional Bathurst calving ground and three collared caribou moved to the Beverly
calving ground in the Queen Maud Gulf coastal calving area (30% of collared cows).

Movement of collared Bathurst bulls and females suggest an unexpected degree of
movement into the inland area next to to the Queen Maud Gulf, after the two herds
were mixed all winter.

Movement events: 2010-2015

(N .

Bluenos: e-East Bathurst Beverly

However, this movement of Bathurst
cows to the Beverly calving ground
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Movement events: 2016-2018

alone does not account for the e . ) F
significant decline in adult females Q — *L* : ﬂ
(61%) or herd size (58.5%). @i c
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Population Demographic Indicators

Integrated Population Model estimate of cow survival is 0.82

Bull survival: 0.71in 2017 compared to 0.72 in 2015.

Productivity 0.25
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Harvest

_ 2016-2017 2017-2018 2018-2019

Nunavut

All users 30

The herd is naturally declining,
and the harvest is not currently
sustainable and needs to be
managed as a risk.

30

30
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Board Decision in Northwest Territories

 The Government of Northwest Territories (GNWT) made a
recommendation for a herd-wide total allowable harvest of 0 caribou
from the Bathurst Caribou herd following the 2018 survey results.

Due to the serious conservation concern, the
harvest on the Bathurst is remaining O on the
Bathurst Caribou herd.
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The Department of Environment recommendations

The Government of Nunavut DOE supports the GNWT recommendation of a herd-
wide TAH of O for the Bathurst Caribou herd for Nunavut.

DOE also recommends:

 Community-based management initiatives that promote herd recovery;
* Increased monitoring efforts by conducting a population survey every two years,
and a calving ground and fall composition survey every year.

15

Nunavut
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REPORT ON BATHUST CARIBOU HERD
2018 ESTIMATE, IN NUNAVUT

Summary

This short document is a summary of the
information provided in the report entitled:
“Estimate of breeding females & adult herd
size and analyses of demographics for the
Bathurst herd of barren-ground caribou:
2018 calving ground photographic survey.”

The Government of Nunavut has jurisdiction
for managing the harvest of Bathurst
caribou in Nunavut, and conducts research
and monitoring (calving ground surveys)
with the Government of the Northwest
Territories, to inform the management
process. This report provides scientific
information critical for sustainable
management of the Bathurst caribou herd.
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Introduction

The Bathurst caribou herd is at the center of
many Nunavut and Northwest Territories
communities, which rely on this herd for
spiritual, economic, cultural, and
subsistence needs.

The Bathurst herd are tundra migratory
barren-ground caribou (Rangifer tarandus
groenlandicus). This herd undertakes a
large migration from the treeline in the
Northwest Territories to the calving ground
in Nunavut, where cows aggregate to calve.
As the Bathurst caribou herd is an inter-
jurisdictional herd, the Government of
Northwest Territories (GNWT) leads the
monitoring of this herd, which is done in
cooperation with the Government of
Nunavut.

In 1986, the Bathurst herd peaked in
numbers with an estimate of 472,000
animals. The herd has been declining since
the 1990s, with the most rapid decline
between 2006 and 2009, when the herd
plummeted from 100,000 to 32,000 animals
in 3 years. The decline of this herd and
harvest restrictions have resulted in
hardships in several communities.

The recent rate and continuous decline of
the Bathurst caribou herd raised concerns
from harvesting communities and resulted in
increased monitoring efforts.

Objectives

This project aims to track the continuous
decline of the Bathurst caribou herd, as well
as to provide new scientific information on
the estimated number of breeding females,
adult females, and adults in the herd to
compare with results of previous calving
ground surveys of this herd.

Methods

Since 1996, the Bathurst caribou have been
calving east of Bathurst Inlet. Since 2003,
calving ground photographic surveys have
occurred at 3 year intervals. Seventeen
collared caribou were used to assess peak
calving, and a systematic reconnaissance
survey (transect at 5 and 10 kilometer (km)
interval) was flown on June 4, 5, 6, and 10,
2018, to delineate the annual calving
ground location and allocate survey effort to
visual strata (Figurel). The 10 km transect
lines on the east side of Bathurst Inlet were
flown by the Government of Nunavut survey
crew to delineate the extent of the Bathurst
and the Beverly caribou distribution.

= Bathurst 2018 survey

zzzz

M 0

Figure 1: Survey tracks of the reconnaissance survey
coverage and visual strata (red, black, and blue) based
on caribou composition and density.
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Based on caribou distribution and density,
effort for survey strata was allocated using a
proportional allocation methodology similar
to other calving ground surveys of barren-
ground caribou herds. The red area, higher
caribou densities, was surveyed by photo
plane, and the black and blue ones were
designated for visual surveys with two
observers on each side of the plane (the
double observer method, Figure2). The
visual survey occurred on June 8 and 9,
2018, when caribou movement was minimal
at the peak of calving. All visual transects
were surveyed at a speed of 160 km/hr, at
an altitude of about 120 meters, and all
caribou within the pre-determined transect
widths of 800 meters were recorded.

Bathurst 2018 survey

¥ Collar locations June Bth

Results

Population estimate, 2018

The resulting estimate of Bathurst caribou
herd size in 2018 was 8,207 adult caribou
(Figure 3). Comparison between the 2015
and 2018 estimates suggests a reduction of
58.5% overall herd size, 61% in adult
females and 55% in breeding females. This
decline is statistically significant and cannot
be attributed to the survey methods.

20,000

Adult females

) w2 a5 w18
Year

Type [[] Mon-bresang [[] Sreeang

Figure 3: Estimates of Bathurst caribou herd (adult

caribou) using proportion of females method from 2009-
Figure 2: Visual survey strata with transect lines and 2018.
collared caribou locations (star). The relative group sizes
for the visual blocks are shown as varying sizes of
circles.

Demographic indicators

The demographic analysis of the Bathurst
suggests low calf productivity in the 2011-
2018 periods with a mean productivity of
0.25. The cow survival rate was 0.82 (Cl =
0.69-0.92), where a cow survival rate of
0.88 is considered to be required for
population stability.

On June 8, 2018, composition surveys were
done by helicopter to obtain a more detailed
estimate of breeding females and other sex
and age classes on the calving ground.
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In 2018, although the data should be the herd trend and status. Appropriate
interpreted cautiously, the gregarious nature management actions also need to be
of the Bathurst caribou suggests that 27% implemented to account for the decline

of the cows have emigrated and joined the occurring in the Bathurst caribou herd.

adjacent Beverly herd, while 73% calved on
the traditional Bathurst calving ground.
Demographic indicators show no sign of
increase in the Bathurst herd since the last
survey, suggesting that the population is
continuing on a trajectory of steep decline.

Discussion

The overall decline from peak numbers in
1986 of 470,000 is in the order of 98%. This
level of decline cannot be attributed to
sampling methodology and represents a
significant and continued loss of caribou
numbers. The herd’'s demography suggests
that low calf survival rates have improved,
but there is still low adult female survival.
The risk of Cow mortality is generally low
during calving, but observed summer
mortality of collared female caribou and the
poor summer calf survival may point to
predation on the summer range as
contributing factors impacting the
population.

Some 2018 Bathurst collared cows moved
west to the Queen Maud Gulf calving area
(27%). The Bathurst herd might have
reached a threshold in which cows followed
the Beverly herd, after sharing the wintering
ranges from November to December to take
advantage of calving in higher densities of
females on the calving ground to decrease
predation risk.

In response to the ongoing decline,
increased monitoring and research should
take place to detect any further changes in



HTO Consultation Report
Bathurst Caribou Management
Recommendations

October 2019

Nunavul
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Executive Summary

Government of Nunavut, Department of Environment (DOE) representatives conducted a consultation in
October 2019 with the Hunters and Trappers Organizations (HTO) of Kugluktuk, Cambridge Bay, Bay Chimo,
and Bathurst Inlet, and with co-management partners, Nunavut Tunngavik Inc. (NTI). The primary purpose
of the consultation was to convey the results of the 2018 Bathurst calving ground photographic survey and to
consult on the recommended management actions, Total Allowable Harvest (TAH). During the
consultations, feedback was received regarding the management recommendations.

The Bathurst herd is currently utilized for subsistence and economic interests, and this herd is declining in
number bringing food security concerns. The rate of this decline is worrisome. DOE implemented a TAH of
30, bulls only on the Bathurst in 2017 and this TAH needs to be adjusted to reflect the new 2018 estimate.
This report attempts to summarize the comments made by the co-management partners during that
meeting.



Preface

This report represents the Department of Environment’s best efforts to accurately capture all of the
information that was shared during consultation meetings with the Hunters and Trappers Organizations.

The views expressed herein do not necessarily reflect those of the Department of Environment, Nunavut
or Government of Nunavut.
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1.0 Report Purpose and Structure

This report is intended to collate and summarize comments, questions, concerns, and suggestions raised
during the consultations held with the co-management partners on the proposed management
recommendations for the Bathurst herd. The summary herein only reflect what was shared during the
meeting.

2.1 Purpose of Consultations

On October 7™, 2019 a meeting was held with the objective to consult on the proposed management
recommendations to adjust the current TAH. The meeting was an opportunity to record concerns, comments
from the management partners in order to potentially accommodate their requests. The Kugluktuk,
Cambridge Bay, Bay Chimo, and Bathurst Inlet HTO’s were made aware of the DOE
recommendations as the designated representatives of their hunting communities under the Nunavut
Agreement.

2.2 Format of Meetings

The consultation was a full day meeting. Information such as herd status, recommendations from DOE, and
other management groups’ recommendations were presented. The Nunavut co-management partners’
perspectives were recorded. The meeting was facilitated and lead by the DOE. The presentation format by
the DOE was informal and the co-management partners were invited to ask questions, raise concerns, and
make suggestions on the proposed recommendations. It was an open dialogue.

3.0 Public and HTO Consultation Summary

The objective for this consultation was made clear and pertinent information was given to the HTO’s well in
advance of the consultation, and at the start of the meeting. There were many questions, concerns,
and suggestions raised by the HTO’s. The Bathurst herd has an important contribution to the subsistence of
two families on Contwoyto Lake (Kugluktuk HTO) and provide for 400 additional individuals, and an outfitter
that utilizes sport hunt tags from Bathurst Inlet and Bay Chimo HTO’s. Kugluktuk HTO voiced concerns for
the economic livelihood for the families on Contwoyto. Bathurst Inlet and Bay Chimo HTOs were concerned
about the loss of guide jobs through the outfitter and the loss of food that is provided to members from
sport hunts. The following section summarizes the consultation.



4.0. Consultation on TAH recommendation — October 7", 2019

Issues: Need to update management recommendations (TAH) from the 2018 Bathurst calving ground
photographic survey.

Purpose of the Consultations:

A consultation was organized in Cambridge Bay on October 7%, 2019. The primary purpose of the
meeting was to engage the co-management partners in an ongoing dialogue on the Bathurst herd future
management recommendations. The meeting was an opportunity to inform the audience that the DOE
recommend a lower TAH of 0 based on the available new scientific information.

Date: October 7, 2019

Representatives:

GN-DOE: Kate England, Lisa-Marie Leclerc, Kevin Methuen

NTI: David Lee, Cheryl Wray

NWMB: Kyle Ritchie

Kugluktuk Angoniatit Association: Amanda Rose Dumond, Bobby Anavilok
Ekaluktutialik Hunters & Trappers: Clarence Kaiyogana

Burnside Hunters & Trappers: Connie Kapolak

Omingmaktok Hunters & Trappers: Peter Kapolak

Summary of the Discussion:

The HTO expressed that the current TAH of 30 bull only caribou restricts the harvest to the months of
August to October, just before the rut when the condition of the bulls affects the meat. The meat from all
30 tags is used for subsistence to support families at Contwoyto and Cambridge Bay. All meat harvested
from sport hunts is distributed to HTO members, it lasts all year. Burnside HTO estimates 10 households,
total of 400 people currently rely on this food (includes extended families). All parts of the caribou are
considered to be important as they are used for traditional purposes. These sport hunts represent the sole
income source for this guides, 8 people employed for these hunts between Omingmaktok and Burnside
HTOs. Kugluktuk HTO feels that more of the Bathurst range should be surveyed. There was a suggestion
that Muskox might be an option for Franklin family on Contwoyto.

There was a great deal of discussion on predator management and research. Kugluktuk HTO would like to
see wolf collaring. A few comments saying that the $300 payment for the DOE wolf sample collection
program is not enough; increase predator harvest incentives before changing TAH. There was lots of
discussion about wolf incentive program with the Government of Northwest Territories (GNWT) —
harvesters from Cambridge Bay would like to join this winter. HTO members felt that Inuit traditionally
kept wolf numbers lower by killing wolf pups at the den. Omingmaktok and Burnside HTOs stated they
have been trying for 20 years to get more grizzly bear sport hunt tags. They have also been requesting
access to more Beverly caribou sport hunt tags.

Overall, Kugluktuk HTO would like to keep their ten tags as they feel the family on Contwoyto Lake needs
these tags. There was a comment from the Kugluktuk HTO to reduce the TAH, but rather than 0 reduce it

to 10 with more education on the land. The Burnside HTO said there will still be harvesting whether the
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TAH is 0 or 30. The Omingmaktok HTO said they want to keep tags at 30 and predators should be made a
main priority. Overall, the HTOs communicated that they felt 30 tags could be justified for cultural
importance and it is outrageous to suggest a TAH of 0.

Some general comments from the HTOs were that climate change and predators are perceived to be the
top threats to this herd. People reported seeing more bears with three cubs. The Kugluktuk HTO wondered
how the government will monitor herd health if there are no samples from harvest. A TAH of 0 will put
more pressure on Dolphin Union caribou. They feel that all the burden is placed on hunters, but the
government can also control development and roads. They want things to be addressed before taking
away from hunters.

Recommendation to the GN:

The HTOs would like to have all the information available to them, not just the survey numbers before any
management actions are suggested. The results from the Boots on the Ground program was not
presented, as well as insight of elders, and these should both be taken into consideration. The HTOs felt
that DOE should develop their own recommendation, impartial from the Northwest Territories. Overall
there was significant resistance to the recommendation to lower the TAH to 0. All HTOs would like to see
no change to the TAH. The HTOs suggested that a harvest of 30 caribou is a negligible removal from the
herd and would have very little biological impact. The communities want a more holistic approach to
management. They would like to see additional management actions in place to help the her recover, such
as increasing work on predation.

Comments and questions:
N/A




4.1 Conclusion- Next Steps

This summer, the Bathurst population survey results were shared with the HTOs and other co-
management partners. The DOE met with co-management partners for a consultation on October 7%,
2019 where the population survey results were explained and new management recommendations were
shared.

The next steps will be to share the final recommendations with Nunavut Wildlife Management Board to
ensure that effective conservation measures are currently in place by the community, HTO, and
Government level to address the current declining trend of the Bathurst Caribou herd. By working
together, it could be possible to help the Bathurst to recover.
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ABSTRACT

This report describes the results of a calving ground photo survey of the Bathurst caribou
herd conducted in June of 2018 near Bathurst Inlet in Nunavut (NU). The main objectives
were to estimate the numbers of breeding females, adult females, and adults in the herd, to
compare with results of previous calving ground surveys of this herd, the last of them in

2015.

We flew a systematic reconnaissance survey with transects at ten km intervals over an area
defined primarily by locations of collared female caribou. Adjacent areas were also flown to
ensure that the distribution of females was fully defined. The results were used to assess
how far calving had progressed, allocate survey effort to geographic strata of similar caribou
density, and time the aerial photography to coincide with the peak of calving. Based on
average daily movement rates of collared females falling below a threshold of
5 km/day on June 8, and observed proportions of cows with calves from fixed-wing flying, it
appeared that the peak of calving would occur on or soon after June 8. The photo plane
survey was flown with excellent field conditions (blue skies) on June 8. We delineated one
photographic stratum where most of the cows were seen and which contained 12 of the 17
active cow collars, west of Bathurst Inlet. On June 8 and 9 we also conducted visual surveys
of two other strata with lower densities of female caribou and five collared cows, on either

side of Bathurst Inlet.

Snow cover was patchy in much of the survey area, which made caribou more difficult to see.
For the visual surveys, we used a double observer method to estimate and correct for
sightability of caribou. A double observer method was also used to estimate and correct for
sightability of caribou on the aerial photographs. In addition, extra time was taken by the
contract staff who counted the aerial photos to make sure that a very high percentage of

caribou were found.

The estimate of 1+ year old caribou on the core calving ground was 6,919 (95% confidence

interval (CI) =5,415-8,843) caribou. Combining these numbers with the results of the
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composition survey, the estimate of breeding females was 3,636 (CI=2,709-4,880). This
estimate was reasonably precise with a coefficient of variation (CV) of 13.9%. The estimate
of adult females in the survey area was 5,162 (CI=3,935-6,771). The proportion of adult
females classified as breeding was higher (70.4%) than in 2015 (60.9%). Herd size was
estimated as the number of adult females on the survey area divided by the proportion of
females in the herd from a 2017 fall composition survey, thus accounting for the bulls in the
herd. The resulting estimate of Bathurst herd size in 2018 was 8,207 caribou at least two

years old (CI=6,218-10,831), compared to 19,769 (CI=12,349-27,189) in 2015.

Reductions from 2015-2018 in estimates of breeding females were 55.0%, in adult females
61.0% and in overall herd size 58.5%. The reduction in herd size indicates an annual rate of
decline of 25.5% 2015-2018. This decline could not be attributed to issues with survey
methods. Demographic analysis indicates that adult female survival rates (estimated at 0.82
for 2017-2018 using a Bayesian demographic model) had improved from 2015 but
continued to be below levels associated with stable populations (0.84-0.90). Overall calf
productivity (the product of fecundity and calf survival) prior to 1997 averaged 0.46 while
the average for 2011-2018 was 0.25 and was well below levels associated with stable

populations. These low vital rates likely account for much of the decline 2015-2018.

Assessment of movement of collared females between the Bathurst and neighbouring
Bluenose-East and Beverly calving grounds 2010-2017 showed minimal movement of cows
to or from neighbouring herds. However, the Bathurst herd was heavily mixed throughout
winter 2017-2018 with the much larger Beverly herd that calves in the coastal lowlands
along the Queen Maud Gulf, and was outnumbered by that herd by a ratio of about 12:1 in
2018. Of 11 Bathurst collared cows that were known to have calved on the Bathurst calving
ground in June 2017, three moved in the spring of 2018 to the coastal calving ground along
the Queen Maud Gulf and did not return later in the year. This is a limited sample and should
be interpreted cautiously, but it suggests that a portion (27%) of the herd’s cows may have
emigrated and joined the Beverly herd while 73% remained on the main Bathurst calving
ground. In addition, the Bayesian demographic model was used to project the herd’s likely

size in 2018 based on its demographics, including or not including the 2018 survey results.
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This suggested that about 31% of the cows might have emigrated to the Queen Maud Gulf
coastal calving area and about 69% remained on the main Bathurst calving ground. The two
estimates suggest that roughly 70% of the Bathurst cows remained on the Bathurst calving
ground that the herd has used since 1996 in 2018, but this is based on limited data and model
projections, and should be interpreted with caution. In June 2019, three of 17 (17.6%)
collared cows that were on the Bathurst calving ground in June 2018 moved well east of
Bathurst Inlet with Beverly collared females, suggesting that some eastward emigration of

Bathurst cows had continued.

We suggest close monitoring of the herd in the next few years, including population surveys
every two years, annual monitoring of cow survival, calf productivity and calf survival for

this herd, and increased collar numbers for monitoring and management.
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INTRODUCTION

The Bathurst herd’s calving grounds have been found since 1996 west of Bathurst Inlet
(Figure 1). The herd’s summer range includes the calving ground as well as areas south of it.
The winter range is primarily in the Northwest Territories (NWT) and in some years has

extended as far south as Saskatchewan.
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Figure 3: Annual range and calving grounds for the Bathurst herd, 1996-2009, based on
accumulated radio collar locations of cows (Nagy et al. 2011). The calving area and a portion
of the summer range are in Nunavut (NU) and the rest of the range is mostly in the NWT. At
high numbers the herd has occasionally wintered as far south as Saskatchewan. The Gahcho
Kué, Ekati and Diavik mines were in active production in 2018 and the Jericho and Lupin
mine-sites were under care and maintenance with minimal maintenance staff.



In recent years (2009-2018) the herd’s range has contracted as the herd has declined to low
numbers, and the herd has wintered near tree-line or on the tundra since 2014. This herd
has long been a key country food and cultural resource for Indigenous cultures in the NWT
(e.g. Legat et al. 2014, Jacobsen et al. 2016), and the decline and associated harvest
restrictions (e.g. WRRB 2016) have resulted in hardships in several communities. In
addition, this herd was harvested by big-game outfitters and by NWT resident hunters until
2010 (Adamczewski et al. 2009, Boulanger et al. 2011).

This report describes results of a calving ground photo-survey of the Bathurst caribou herd
conducted during June of 2018. A survey of the Bluenose-East herd’s calving grounds west
of Kugluktuk (Figure 2) was carried out at the same time and the results are reported
separately (Boulanger et al. 2019). A survey of the Beverly calving grounds in the Queen
Maud Gulf area was also carried out by biologists with the Government of NU (GN) in June
2018 and those results will also be reported separately (Campbell et al. 2019). The Beverly
systematic survey transects began next to the Bathurst survey transects east of Bathurst
Inlet, and transects were also flown between the Bathurst and Bluenose-East calving
grounds, resulting in continuous coverage of the three calving grounds and areas between

them.
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Figure 2: Annual ranges and calving grounds of the Bluenose-East, Bathurst, and Beverly1
herds, based on accumulated radio collar locations of cows (Nagy et al. 2011). Other herd
ranges west and east of these three herds were omitted for simplicity.

Calving ground photo surveys of the Bathurst herd have been carried out since the 1980s
and the herd reached peak numbers estimated at 472,000 in 1986 (Figure 3). Surveys have
been carried out at 3-year intervals since 2003 when a substantial decline in the herd was
detected. The herd initially declined slowly in the 1990s and then at a more rapid pace after
2003. The most rapid decline was between 2006 and 2009 when the herd decreased from
over 100,000 to just 32,000 in three years. A demographic evaluation of the herd’s decline

until 2009, including the role of harvest in the accelerated decline 2006-2009, was carried

1 The Beverly herd described in this report is the herd defined by the GN as calving in the central and western Queen
Maud Gulf. This herd does not correspond exactly to the Beverly herd defined prior to 2009 with an inland calving
ground south of Garry Lakes (Adamczewski et al. 2015).



out by Boulanger et al. (2011). The last calving photo survey of the Bathurst herd in 2015
was described by Boulanger et al. (2017).
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Figure 3: Estimates of breeding females on the left (red) and extrapolated herd size on the
right (blue) from 1986-2015, based on calving ground photo surveys of the Bathurst caribou
herd. Estimates are shown with 95% Confidence Intervals.



METHODS

Basic Methodology
The calving ground photographic survey was conducted as a sequence of steps described

briefly below, then in greater detail in following text.

1.

2.

Locations of collared female caribou and prior surveys of this herd’s calving grounds
were used to define the main area for the survey. Outlying adjacent areas were also

flown.

A systematic reconnaissance survey was carried out before the peak of calving with
transects spaced at 10 km intervals. The same 10 km grid system used to locate
transects has been used since 2009. These allowed us to delineate areas where
breeding and non-breeding females, bulls and yearlings were found on or near the
calving ground. Timing of calving was assessed by evaluating the relative proportion
of cows with newborn calves seen during the reconnaissance survey, and from

reduced movement rates of collared cows associated with calving.

Using information on caribou density and composition derived from the
reconnaissance survey, we defined strata (or survey blocks) that would be surveyed
again at higher rates of coverage by photographic or visual transects. We allocated
aerial photography to one stratum with the highest densities of breeding cows and
the bulk of the collared cows. Two visual strata with lower densities of cows were

also defined and flown east and west of Bathurst Inlet.

We initiated the helicopter-based composition survey soon after the photographic
and visual surveys of the calving area. The composition survey crew classified larger
groups (i.e. more than about 30-50 caribou) on the ground and classified smaller
groups primarily from the air. Groups of caribou in each stratum were classified to
determine the proportions of breeding and non-breeding cows, as well as bulls and

yearlings.



5. We derived an estimate of breeding females using the estimates of total caribou at
least one year old within each stratum, and the proportion of breeding females within
that stratum. The total number of adult females was estimated from the proportion

of females and the estimate of caribou at least one year old in the survey area.

6. The adult female estimate was used to extrapolate the total size of the Bathurst herd
(caribou at least two years old) by accounting for males, using an estimate of the

bull:cow ratio from a fall composition survey flown in October 2017.

7. Demographic data for the herd, the new estimates and collar movement data were
used in trend analyses and population modeling to further evaluate population

changes from 2015-2018 and their likely causes.

Analysis of Collared Caribou Data
Twenty-four collared female caribou were initially considered during the Bathurst June

2018 survey. Two of these reported rarely or erratically and were not considered in survey
planning. A further two collars were well south of the survey area in June and not associated
with any calving ground, and were also not considered in survey planning. Of the remaining
20 collars, three moved in May-June to the Queen Maud Gulf coastal calving ground with
collared Beverly cows, and did not return. This left 17 active cow collars in the Bathurst Inlet
area in June 2018. Of these 17, 12 were found within the eventual high density photo block,
four in the eventual visual east block and one was just south of the eventual visual west block.
Movement rates of these collared caribou females were monitored daily to help identify the
timing of the peak of calving. Previous experience (e.g. Gunn et al. 2005, Boulanger et al.
2019) had shown that average daily movement rates of collared cows dropping below 5

km/day were a reliable indicator of the peak of calving.

Systematic Reconnaissance Survey to Delineate Strata
Kugluktuk was the main survey base of operations with two Cessna Caravans dedicated

mostly to the Bluenose-East survey and to support the Bathurst survey; a third Cessna
Caravan was based at the Ekati diamond mine (Figure 1). The Ekati Caravan flew most of the

Bathurst reconnaissance survey and the visual strata, because the Caravans in Kugluktuk



were grounded June 2-5 by poor weather. One of the two Caravans based at Kugluktuk flew

part of the Bathurst visual survey strata.

Based on a systematic 10 km grid, reconnaissance transects were spaced at 10 km intervals
to provide 8% coverage across the main calving area and in adjacent areas. Strip transects
were 800 m in width, and caribou were counted within a 400 m strip on each side of the
survey plane (Gunn and Russell 2008). For each side of the plane, strip width was defined by
the wheel of the airplane on the inside, and a single thin rope attached to the wing strut that
became horizontal during flight, served as the outside strip marker. Planes were flown at an
average survey speed of 160 km/hour at an average altitude of 120 m above the ground to

ensure that the strip width of the plane remained relatively constant.

Transects were spaced at 5 km intervals across the concentrated calving area to provide a
more fine-grained assessment of the distribution and density of caribou. The initial focus
was on delineating the annual concentrated calving area based primarily on the distribution
of collared caribou cows. Once the main calving area had been covered, additional survey
transects were flown adjacent to the concentrated calving area (north, west and south) to
make sure that no substantial numbers of female caribou were missed. Using the systematic

10 km grid, transects were extended at least one 10 km segment past the last caribou seen.

The GN Beverly caribou survey started on June 5 and coverage started east of Bathurst Inlet
and immediately adjacent to our systematic reconnaissance survey of the Bathurst calving
ground (Campbell et al. 2019). We communicated daily with the GN survey crew during the
Bathurst calving ground survey. We also flew survey transects west of the main Bathurst
survey area at 20 km spacing to extend coverage to the Bluenose-East systematic survey area

near Kugluktuk (Boulanger et al. 2019).

Two observers, one seated in front of the other, and a recorder were used on each side of the
airplane to minimize the chance of missing caribou. Previous research (Boulanger et al.
2010) demonstrated that two observers usually saw more caribou than a single observer. In
addition, analysis of the sighting patterns of observer pairs allowed for assessment of what

was likely missed (Boulanger et al. 2010). Double observer methods have been used on other



recent Bathurst calving ground photographic surveys (e.g. Boulanger et al. 2017). The two
observers on the same side communicated to ensure that groups of caribou were not double

counted.

On the reconnaissance survey, caribou groups were classified by whether they contained
breeding females. Breeding females were cows with hard antlers or cows with newborn
calves. A mature female with hard antlers is an indicator that the female has yet to give birth
or has just given birth, as cows usually shed their antlers within a week after birth (Whitten
1995). Caribou groups were classified as non-breeders based on the absence of breeding
females and newborn calves, and substantial representation of yearlings (identified by a
short face and a small body), bulls (identified by thick, dark antlers in velvet and a large
body), and non-antlered or females with short antlers in velvet. The speed of the fixed-wing
aircraft and observer experience did not allow all caribou to be classified. Thus, the focus
was on identifying breeding cows if they were present, and otherwise on the most common
types of caribou present. In most cases, each group was recorded individually, but in some
cases groups were combined if the numbers were larger and distribution was more

continuous. Data were recorded on Trimble YUMA 2 tablets (Figure 4).
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Figure 4: The tablet data entry screen used during reconnaissance and visual survey flying
on the Bathurst June 2018 survey. A GPS waypoint was recorded for each observation. The
unique segment unit number was also assigned by the software for each observation to
summarize caribou density and composition along transect lines.

As each data point was entered, a real-time GPS waypoint was generated, allowing geo-
referencing of the survey observations. Other large animals like moose, muskoxen and

carnivores were also recorded with a GPS location.

North-south oriented transects were divided into 10 km segments to summarize the density
and distribution of geo-referenced caribou counts. The density of each segment was
estimated by dividing the count of caribou by the survey area of the segment (0.8 km strip
width x 10 km = 8 km?). The segment was classified as a breeder segment if at least one
breeding female caribou or newborn calf was identified. Segments were then displayed
spatially and used to delineate strata within the annual concentrated calving area based on

the composition and density of the segments. During the survey, daily weather briefings



were provided by Dr. Max Dupilka (Beaumont, AB) to assess current and future survey

conditions.

Stratification and allocation of survey effort for photographic and visual estimates
The main objectives of the survey were to obtain precise and accurate estimates of breeding

and adult female caribou on the calving ground, and to estimate overall adult herd size. To
achieve this, the survey area was stratified using the results of the systematic reconnaissance
survey, which is a process of grouping areas with similar densities into discrete strata. The
stratum with the greatest caribou density was surveyed by the photo plane, with lower-

density areas designated for visual surveys using a double observer method.
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Figure 5: The northward paths of collared females (May 15 - June 11, 2018) from the
Bluenose-East (red), Bathurst (orange), and Beverly (violet) caribou herds to their 2018
calving grounds.

In this survey, one photo stratum was defined west of Bathurst Inlet where most of the cows
and most of the collared females (12 of 17) were observed. This was similar in size and

location to the photo stratum in the June 2015 calving ground survey (Boulanger et al. 2017).
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Five of the collared Bathurst female caribou showed an unusual movement in the spring that
included a northward movement east of Bathurst Inlet and then a westward shift towards
the Inlet and west of it at the beginning of June (Figure 5). As a result, a few Bathurst collared
cows were found east and west of Bathurst Inlet at the time of the survey. The
reconnaissance survey showed low numbers of caribou just west and east of Bathurst Inlet,
with a majority of the caribou east of the Inlet being bulls and yearlings. We defined two low-

density visual survey blocks, one east of Bathurst Inlet and one west of it.

Once the three survey strata were defined, an estimate of caribou numbers (animals at least
1+ year old) was derived from the reconnaissance data (Jolly 1969). The relative caribou
numbers (and estimated variances) in each stratum were used to allocate survey effort and

determine the numbers of transects to sample within each stratum.

Two approaches for allocation were considered for the aerial survey. First, optimal
allocation was used to assign more effort to strata with higher densities, given that the
amount of variation in counts is proportional to the relative density of caribou within the
stratum. Optimal allocation was estimated using estimates of population size and variance

for each stratum.

If strata were small, allocation was adjusted to ensure an adequate number of transect lines.
For example, empirical results of previous surveys suggested that there should be a
minimum of 10 transects per stratum to have good survey precision; in comparison, about
20 transects has been optimal for higher density areas. In general, coverage should be atleast
15% with higher levels of coverage for higher density strata, for adequate precision. As
populations become more clustered, a higher number of transect lines is required to achieve

adequate precision (Thompson 1992, Krebs 1998).

Photographic Survey of High-density Stratum
GeodesyGroup Inc. aerial survey company (Calgary, AB) was contracted for the aerial

photography in the 2018 June surveys. They used two survey aircraft, a Piper PA46-310P
Jet-prop and a Piper PA31 Panther (Figure 6), each with a digital camera mounted in the

belly of the aircraft. Survey altitude above ground level (AGL) to be flown for photos was
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determined at the time of stratification based on cloud ceilings and desired coverage. To
ensure timely completion, both aircraft were used for the Bathurst photo block and all
photos (Bathurst and Bluenose-East) were taken on June 8 with excellent survey conditions

(blue skies). Coverage on each photo transect was continuous and overlapping so that stereo

viewing of the photographed areas was possible.

igure 6. Pipr P1 Pater aircraft used on Bathurst photo survey in ]e 2018 b
GeodesyGroup Inc.

Caribou on the aerial photos were counted by a team of photo interpreters and supervised
by Derek Fisher, president of GreenLink Forestry Inc., (Edmonton, AB) using specialized
software and glasses that allowed three dimensional (3D) viewing of photographic images.
Two of the authors (J. Boulanger and J. Adamczewski) visited the GreenLink office in
Edmonton to gain greater familiarity with this process in fall 2018. The number of caribou

counted was tallied by stratum and transect.

The exact survey strip width of photo transects was determined using the geo-referenced
digital photos by GreenLink Forestry. Due to differences in topography, the actual strip width
varied slightly for each transect flown. Population size (number of caribou at least one year
old) within a stratum is usually estimated as the product of the total area of the stratum (4)
and the mean density (D) of caribou observed within the strata (N = DA) where density is

estimated as the sum of all caribou counted on transect divided by the total area of transect
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sampling (D=caribou counted/total transect area). An equivalent estimate of mean density
can be derived by first estimating transect-specific densities of caribou ( D; =
caribou;/area;) where caribou; is the number of caribou counted in each transect and areai
is the transect area (as estimated by transect length X strip width). Each transect density is
then weighted by the relative length of each transect line (w;) to estimate mean density (D)
for the stratum. More exactly, D = Y7 D,w; /Y " w; where the weight (wi) is the ratio of the
length of each transect line (I;) to the mean length of all transect lines(w; = [;/1,) and n is
the total number of transects sampled. Using this weighting term accommodates for different
lengths of transect lines within the stratum, ensuring that each transect line contributed to
the estimate in proportion to its length. Population size is then estimated using the standard

formula (N = DA) (Norton-Griffiths 1978).

When survey aircraft first flew north to Kugluktuk on June 1, snow cover on the survey area
was 90% or greater, and in some areas nearly 100%. Over the following ten days, however,
snow melted rapidly and in many areas on June 8, snow cover was highly variable and
patchy. This made spotting caribou by observers in the Caravans challenging, and also made
complete counting of caribou on the aerial photos more difficult. Caribou on snow-free
ground were easy to see, but caribou on small snow patches or on their edges required extra
effort to find. Two approaches were used to address this with the aerial photos: (1) observers
took extra time to search all photos carefully, approximately doubling the time these counts
usually take, and (2) a double observer method was used to estimate sightability of the

caribou on photos for a subset of photos.

The double observer approach used was to systematically resample a subset of photos to
estimate overall sightability in the stratum using a second independent photo interpreter.
This 2-stage approach to estimation, where one stage is used to estimate detection rates that
are then used to correct estimates in the second stage, has been applied to a variety of
wildlife species (Thompson 1992, Barker 2008, Peters et al. 2014). The basic principle was
to systematically resample the photo transects to allow an unbiased estimate of sightability

from a subset of photos that were sampled by two independent observers. Systematic
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samples were taken by overlaying a grid over the photo transects and sampling photos that

intersected the grid points.

This cross-validation process was modeled as a two-sample mark-recapture sample with
caribou being “marked” in the original count and then “re-marked” in the second count for
each photo resampled. Using this approach avoids the assumption that the second counter
detects all the caribou on the photo. The Huggins closed N model (Huggins 1991) in program
MARK (White and Burnham 1999) was used to estimate sightability. A session-specific
sighting probability model was used, allowing unique sighting probabilities for the first and
second photo interpreter to be estimated. Model selection methods were then used to assess
whether there were differences in sightability for different strata sampled. The fit of models
was evaluated using the Akaike Information Criterion (AIC) index of model fit. The model
with the lowest AICc score? was considered the most parsimonious, thus minimizing

estimate bias and optimizing precision (Burnham and Anderson 1998).

Non-independence of caribou counted in photos most likely caused over-dispersion of
binomial variances. The over-dispersion parameter (c-hat) was estimated as the ratio of the
bootstrapped (photo-based) and simple binomial variance. Sightability-corrected estimates
of caribou were then generated as the original estimate of caribou on each stratum divided
by the photo sightability estimate for the stratum. The delta method (Buckland et al. 1993)
was used to estimate variance for the final estimate, thus accounting for variance in the

original stratum estimate and in the sightability estimate.

Visual Surveys of Low-density Strata
Visual surveys were conducted in two low density strata, one west of Bathurst Inlet and one

east of it. The Caravans were used with two observers and a recorder on each side of the
aircraft. The numbers of caribou sighted by observers were entered into the Trimble YUMA

2 tablet computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during

visual surveys. The double observer method involves one primary observer who sits in the

2 The subscript “c” indicates an AIC score that is corrected for small sample sizes.
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front seat of the plane, a secondary observer who sits behind the primary observer, and a
recorder on the same side of the plane. Analysis of the caribou seen by each of the two
observers in each pair allows for an assessment of caribou that were likely missed, and how
sighting probabilities are affected by snow cover, cloud condition and the abilities of
individual observers. A detailed description of the double observer methods, analyses and
results is given in Appendix 1. The methods have also been described in detail in other
calving photo survey reports (e.g. Boulanger et al. 2019). The results were used to estimate
the proportions of caribou that were likely missed, and numbers of caribou estimated on the

two visual survey blocks east and west of Bathurst Inlet were corrected accordingly.

Composition Survey of Caribou on the Calving Ground
The composition survey was carried out June 13-16. Caribou were classified in strata that

contained significant numbers of breeding females (based on the reconnaissance transects)
to estimate proportions of breeding females and other sex and age classes. This survey was
based on aerial and ground-based observations of caribou groups, which provided a more
accurate and representative sampling procedure for caribou composition compared to the
coarse classification criteria applied to caribou groups observed during the reconnaissance
survey. For the composition survey, a helicopter (Aerospatiale A-Star 350 BA) was used to
systematically sample groups of caribou throughout the photographic stratum and the two

visual strata.

Search effort (i.e. helicopter flight hours) was allocated primarily to the high-density
photographic stratum and was distributed within the stratum by developing a
predetermined flight route that systematically covered the stratum, and which was
subsequently loaded in to a portable GPS unit. Caribou groups encountered during the flight
route were classified and their locations stored. The most recent caribou collar locations
were also stored as waypoints in the GPS unit, which permitted the navigator/observer to
ensure that those general areas were searched. By comparing the actual flight track to the
planned route and collar locations, the navigator/observer maintained a systematic search
pattern through the stratum and ensured that a caribou group was classified only once.
Search effort was also distributed within the visual survey strata in a similar manner, but

fewer hours were flown within those two strata.
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Caribou groups that comprised ~<50 individuals were classified from the air by a front-seat
observer using motion-stabilized binoculars. Classified caribou counts were called out to a
rear-seat data recorder who entered the data into a computer tablet. Caribou groups that
were generally greater than 50-100 animals were classified on the ground to minimize
potential disturbance. The pilot landed the helicopter a few hundred meters from the main
group of caribou, upon which the survey team would walk to a suitable position to observe
and sample the animals. Using binoculars or a spotting scope, the observer scanned across
the group(s) to avoid double counting and called out classified caribou to the data recorder.
In larger groups, classification did not include the entire group; the focus was on a

representative sample of each group and on limiting disturbance to caribou.

Caribou were classified following the methods of Gunn et al. (1997) (and see Bergerud 1964,
Whitten 1995) where antler status, presence/absence of an udder, and presence of a calf are
used to categorize breeding status of females (Figure 7). Presence of a newborn calf,
presence of hard antlers signifying recent or imminent calving, and presence of a distended
udder were all considered as signaling a breeding cow that had either calved, was about to
calve, or had likely just lost a calf. Cows lacking any of these criteria and cows with new
(velvet) antler growth were considered non-breeders. Newborn calves, yearlings and bulls

were also classified.
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Figure 7: Classification of females used in composition survey of Bathurst caribou in June
2018. Green-shaded boxes were all classified as breeding females (diagram adapted from
Gunn et al. 1997). Udder observation refers to a distended udder in a cow that has given
birth. Hard antlers are from the previous year, and are distinct from new antlers growing in
velvet.

The number of caribou in each group was summed as well as the numbers of bulls and
yearlings (calves of the previous year) to estimate the proportion of breeding caribou on the
calving ground. Bootstrap resampling methods (Manly 1997) were used to estimate
standard errors (SEs) and percentile-based confidence limits for the proportion of breeding

caribou.

Estimation of Breeding Females and Adult Females
The numbers of breeding females were estimated by multiplying the estimate of total (at

least one year old) caribou on each stratum by the estimated proportion of breeding females
in each stratum from the composition survey. This step basically eliminated the non-
breeding females, yearlings, and bulls from the estimate of total caribou on the calving

ground.

The number of adult females was estimated by multiplying the estimate of total (at least one

year old) caribou on each stratum by the estimated proportion of adult females (breeding
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and non-breeding) in each stratum from the composition survey. This step basically

eliminated the yearlings and bulls from the estimate of total caribou on the calving ground.

Each of the field measurements had an associated variance, and the delta method was used
to estimate the total variance of breeding females under the assumption that the composition

surveys and breeding female estimates were independent (Buckland et al. 1993).

Estimation of Adult Herd Size
Total herd size was estimated using two approaches. The first approach, which had been

used in earlier calving ground surveys, assumed a fixed pregnancy rate for adult females,

whereas the second approach avoided this assumption.

Estimation of Herd Size Assuming Fixed Pregnancy Rate and Estimated Sex Ratio
As a first step, the total number of adult females (at least two years old) in the herd was

estimated by dividing the estimate of breeding females on the calving ground by an assumed
pregnancy rate of 72% (Dauphiné 1976, Heard and Williams 1991). This pregnancy rate was
based on a large sample of several hundred Qamanirjuaq caribou in the 1960s (Dauphiné
1976). The estimate of total females was then divided by the estimated proportion of females
in the herd based on a bull:cow ratio from a fall composition survey conducted in October of
2017, to provide an estimate of total adult caribou in the herd (original methods described
in Heard 1985, Heard and Williams 1991). This accounts for the bulls in the herd, very few
of which are on the calving grounds in June. This estimator assumes that all breeding females
were within survey strata areas during the calving ground survey and that the pregnancy
rate of Bathurst caribou was 72% for 2017-2018. Note that this estimate corresponds to
adult caribou at least two years old and does not include yearlings because yearling female

caribou are not considered sexually mature.

Estimation of Herd Size Based on Estimates of Adult Females and Estimated Sex Ratio
An alternative extrapolated herd size estimator was developed to account for the effect of

variable pregnancy rates as part of the 2014 Qamanirjuaq caribou herd survey (Campbell et
al. 2015), and has been used in other recent calving photo surveys for the Bathurst herd
(Boulanger et al. 2017), as well as the Bluenose-East herd (Adamczewski et al. 2017,

Boulanger et al. 2019). This estimator first uses data from the composition survey to
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estimate the total proportion of adult females (breeding and non-breeding) and the numbers
of adult females in each of the survey strata. The estimate of total adult females is then
divided by the proportion of adult females (cows) in the herd from one or more fall
composition surveys. This accounts for the bulls in the herd, very few of which are on the
calving grounds in June. Using this approach, the fixed pregnancy rate is eliminated from the
estimation procedure. Pregnancy rates do vary depending on cow condition (Cameron et al.
1993, Russell et al. 1998). This estimate assumes that all adult females (breeding and non-
breeding) were within the photographic and visual survey strata during the calving ground
survey. [t makes no assumption about the pregnancy rate of the females and does not include

the yearlings.

In calving ground photographic surveys since the 2014 Qamanirjuaq survey (Campbell et al.
2015), the estimate of females based on total adult females on the calving ground survey
area, and adjusted for the bull:cow ratio from a recent fall survey, has become the preferred
way for Government of the NWT (GNWT) Department of Environment and Natural
Resources (ENR) of estimating herd size from these surveys. With the current sample of
collared cows and extensive flying, it has become possible to reliably define the full
distribution of the females in the Bathurst herd. Using survey-specific estimates of breeding
and non-breeding cows, together with a recent estimate of herd sex ratio, is considered a
more robust method of extrapolating to herd size, rather than assuming a constant
pregnancy rate that ignores this source of variation. This method also increases the precision

of the overall herd estimate.

Trends in Numbers of Breeding and Adult Females
As an initial step, a comparison of the estimates from the 2015 and 2018 surveys was made

using a t-test (Heard and Williams 1990), with gross and annual rates of changes estimated

from the ratio of estimates.

Longer term trends 2010-2018 were estimated using Bayesian state space models, which
are similar to previously used regression methods (Ordinary Least Squares, OLS, as
described in Boulanger et al. 2011). However, hierarchical Bayesian models allow more

flexible modeling of variation in trend through the use of random effects (Humbert et al.
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2009, Kery and Royle 2016). This general approach is described further in the demographic
model analysis in the next section. An underlying exponential rate of change was assumed
with estimates of A (where A=Nw1/Nt). If A=1 then a population is stable; values > or <1

indicate increasing and declining populations. The rate of decline was also estimated as 1-A.

Survival Rate Analyses from Collared Cows
Collar data for female caribou 1996-2018 were compiled for the Bathurst caribou herd by

GNWT ENR staff. Fates of collared caribou were determined by assessment of movement of
collared caribou, with mortality being assigned to collared caribou based on lack of collar
movement that could not be explained by collar failure or device drop-off. The data were
then summarized by month as live or dead caribou. Caribou whose collars failed or were
scheduled to drop off were censored from the analysis. Data were grouped by “caribou years”
that began during calving of each year (June) and ended during the spring migration (May).
The Kaplan-Meier method was used to estimate survival rates, accounting for the staggered
entry and censoring of individuals in the data set (Pollock et al. 1989). This approach also
ensured that there was no covariance between survival estimates for the subsequent

demographic model analysis.

Demographic Analyses: Bayesian State Space Integrated Population Model (IPM)
One of the most important questions for the Bathurst herd was whether the adult female

segment of the population had declined since the last survey in 2015. The most direct
measure that indicates the status of breeding females is their survival rate, which is the
proportion of breeding females that survive from one year to the next. This metric, along
with productivity (proportion of calves produced per adult female each year that survive
their first year of life) largely determines the overall population trend. For example, if
breeding female survival is high then productivity in previous years can be relatively low
and the overall trend in breeding females can be stable. Alternatively, if calf productivity is
consistently high, then slight reductions in adult survival rate can be tolerated. The
interaction of these various indicators can be difficult to interpret and a population model

can help increase understanding of herd demography.
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We used a Bayesian state space IPM (Buckland et al. 2004, Kery and Schaub 2012) based
upon the original (OLS) model (White and Lubow 2002) developed for the Bathurst herd
(Boulanger et al. 2011) to further explore demographic trends for the Bathurst herd. This
work was in collaboration with a Bayesian statistician/modeller (Joe Thorley-Poisson
Consulting) (Thorley 2017, Ramey et al. 2018, Thorley and Boulanger 2019). We note that
the underlying demographic model used for the hierarchical Bayesian state space model is
identical to the previous OLS model. However, the Bayesian IPM method provides a much
more flexible and robust method to estimate demographic parameters that takes into
account process and observer error. One of the biggest differences is the use of random
effects to model temporal variation in demographic parameters. A random effect flexibly and
efficiently captures the variation in a parameter by assuming it is drawn from a particular
underlying distribution. This contrasts with the OLS method where temporal variation was
often not modeled or modeled with polynomial terms which assumed an underlying
directional change over time. Appendix 2 provides details on the Bayesian IPM state space

modeling, including the base R code used in the analysis.

We used breeding female estimates, as well as calf-cow ratios, bull-cow ratios (Cluff et al.
2016, Cluff unpublished data), estimates of the proportion of breeding females, and adult
female survival rates from collared caribou to estimate the most likely adult female survival
values that would result in the observed trends in all of the demographic indicators for the
Bathurst herd. Calf-cow ratios were recorded during fall (late October) and spring (late
March - April) composition surveys whereas proportion of breeding females was measured
during June composition surveys conducted on the calving ground. Proportion of females
breeding was estimated as the ratio of breeding females to adult females from each calving

ground survey.

The Bayesian IPM is a stage-based model that divides caribou into three age-classes, with
survival rates determining the proportion of each age class that makes it into the next age
class (Figure 8); this structure is identical to the OLS modeling (Boulanger et al. 2011) used

previously on the Bathurst and Bluenose-East herds.
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Figure 8: Underlying stage matrix life history diagram for the caribou demographic model
used for Bathurst caribou. This diagram pertains to the female segment of the population.
Nodes are population sizes of calves (N¢), yearlings (Ny), and adult females (Nr). Each node
is connected by survival rates of calves (Sc), yearlings (Sy) and adult females (Sf). Adult
females reproduce dependent on fecundity (Fa) and whether a pregnant female survives to
produce a calf (Sf). The male life history diagram was similar with no reproductive nodes.

We used the entire Bathurst demographic data set that started in the 1980s (Boulanger et al.
2011, Boulanger 2015) for the analysis but focused modeling efforts and inference on the
more recent years, i.e.,, since 2014. The timeline of recruitment relative to survey years is
illustrated in Table 1. It was assumed that a calf born in 2010 would not breed in the fall after
it was born, or the fall of its second year, but it could breed in its third year (see Dauphiné
1976 for age-specific pregnancy rates). It was considered a non-breeder until 2013. Calves
born in 2014 and 2015 had the most direct bearing on the number of new breeding females
on the 2018 calving ground that were not accounted for in the 2015 breeding female

estimate.
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Table 1: A schematic of the assumed timeline 2011-2018 in the Bayesian IPM analysis of
Bathurst caribou in which calves born are recruited into the breeding female segment (green
boxes) of the population. Calves born prior to 2013 were counted as breeding females in the
2013 and 2015 surveys. Calves born in 2014 and 2015 recruited to become breeding females
in the 2018 survey.

Calf Surveyyears
Born 2011 2012 2013 2014 2015 2016 2017 2018

non-
2010 | yearling breeder breeder breeder breeder | breeder | breeder | breeder
non-
2011 | calf yearling | breeder | breeder | breeder | breeder | breeder | breeder
non-
2012 calf yearling | breeder | breeder | breeder | breeder | breeder
non-
2013 calf yearling | breeder | breeder | breeder | breeder
non-
2014 calf yearling | breeder | breeder | breeder
non-
2015 calf yearling | breeder | breeder
non-
2016 calf yearling | breeder

One potential issue with comparison of survival rates across years was that the Bathurst
herd had significant harvest until 2010, which reduced survival rates. We therefore added
harvest rate to the model based on harvest estimates compared to estimate cow and bull
abundance each year. Figure 9 shows the rates used which show an increasing harvest rate
up to 2010, when harvest was reduced significantly. The harvest numbers, estimated cow

and bull population sizes are given in Appendix 2.
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Figure 9: Harvest rates used as inputs into the demographic model. See Appendix 2 for
actual harvest numbers and rates used in the model.

In 2018, three of 11 known Bathurst cow collars calved on the Queen Maud Gulf/Beverly
calving ground which likely reduced the estimates of Bathurst breeding females used as an
input of the model. The demographic model defines the Bathurst caribou herd as the
population of caribou that utilized the Bathurst calving ground in the previous year (i.e.
2017). Collared caribou are included in the survival analysis if they utilized the Bathurst
calving ground previously or if they were collared in 2018 in the vicinity of known Bathurst
cows. In this context, the estimated survival rates from the demographic model are
potentially influenced by emigration to the Queen Maud Gulf of adult cows. More precisely,
the observed survival of cows is a function of both true survival and fidelity of cows to the
calving ground. Low sample sizes of known Bathurst collared cows (11 in 2018) as well as
high historic fidelity of caribou to the Bathurst calving ground challenged modeling of cow
fidelity. We conducted a sensitivity analysis where the demographic model was run with and
without the 2018 estimate to determine how much the 2018 emigration event might have
affected demographic parameters. Of most interest was the estimate of cow survival,
however of additional interest was the resulting estimate of adult cows when the 2018
estimate and emigration event were not part of the input data set, as described in the next
section. As discussed later, more elaborate methods to model fidelity of caribou will be

considered in future modeling efforts.
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Estimation of Bathurst herd, including caribou that emigrated to Queen Maud Gulf

The estimates of adult females and herd size for the Bathurst herd in 2018 were influenced

by movement of known Bathurst cows to the Queen Maud Gulf/Beverly calving ground. Of

interest was the potential size of the Bathurst herd if this emigration event had not occurred.

We used three approaches to initially assess how emigration of Bathurst cows to the Queen

Maud Gulf coastal calving area may have influenced the Bathurst herd estimate.

1)

2)

3)

The ratio of known Bathurst collared caribou calving in the Bathurst Inlet calving
ground to total known Bathurst collars (8/11=0.727) provides a simple estimate of
fidelity to the calving ground. Dividing the adult female estimate for the Bathurst
calving ground by fidelity is therefore one estimate of total Bathurst adult females,

including those occurring in the Queen Maud Gulf.

The Lincoln-Petersen mark-recapture estimator (NLp) has been applied using
proportion of collars in the survey area to estimate herd size for the Dolphin Union
herd (Dumond and Lee 2013). The Lincoln-Petersen formula is Nip=
(((M+1)*(C+1))/(R+1))-1. In this case, M equals the number of known female collared
caribou (11), R equals the number of known collared female caribou detected in the
calving ground area (8), and C equals the estimate of total adult cows (Nar;) (Seber
1982, Krebs 1998). We used a variance estimator proposed by Innes et al.,, (2002)
that considers both variance in the proportion collars and the adult female estimate
(var(N.p) = N2 (CV?(pLp) + CV?(Nyp)) where CV2=(var(x)/x2). The variance of
the Lincoln-Petersen estimate of capture probability (p.r) was estimated based on the
hypergeometric probability distribution, which is assumed with the Lincoln Petersen
estimator (Thompson 1992). This estimator is a variation on the first estimator

above.

The Lincoln-Petersen estimator of adult females was challenged by the low sample
size of known Bathurst herd collared caribou (11) and therefore results should be
interpreted cautiously. An alternative estimate of caribou was derived using the

demographic model with the 2018 breeding female estimate not included in the input
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data set. This amounts to a projection of likely herd size if no emigration had occurred
and all Bathurst cows calved on the traditional Bathurst calving ground. In this case
an extrapolated herd estimate was only influenced by collar survival rates, previous
survey estimates, and composition survey results, thus the estimate was not
influenced by emigration of adult cows to the Queen Maud Gulf coastal calving area.
This estimate was compared to the demographic model’s projected 2018 estimate of

COWS.
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RESULTS

Survey conditions
Weather conditions were challenging due to the late spring with higher than normal snow

cover in most of the annual concentrated calving area (Figure 10). At the beginning of the
survey on June 1, snow cover was more than 90% in most areas but snow melted rapidly
during the first 10 days of June. On June 8 and 9, snow cover varied between ten and 80%.
Most areas had about 50% snow cover and much of it was a “salt-and-pepper” patchy mosaic.
This made caribou more difficult to see. We reasoned, however, that aerial photo coverage
of the one main concentration of calving cows would still provide an accurate estimate that
would account for at least 80% of the female caribou in the survey area. The rationale was
that caribou would still be reliably seen on high-resolution photos that could be searched
carefully and repeatedly with a 3D projection. In addition, the sightability of caribou on

photos could be estimated using independent observers.
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Figure 10: Photos of variable Bathurst survey conditions during visual surveys near
Bathurst Inlet on June 9, 2018, the day after photo surveys were conducted (photos J.
Adamczewski). Snow cover in most areas was patchy and ranged from about 80% (top right)
to about 10% (bottom right). A view of Bathurst Inlet is shown at top left.

Movement Rates of Collared Female Caribou
The locations of 17 collared female caribou that occurred in or around the Bathurst survey

area were monitored throughout the June survey to assess movement rates. The peak of

calving is considered close when the majority of collared female caribou exhibit movement
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rates of less than 5 km/day (Gunn and Russell 2008). Using this parameter, we surmised that
the peak of calving was near on June 8, when mean daily movement rates were on average
below 5 km for the radio collared caribou (Figure 11). Movement rates remained below 5
km/day for the next week. The peak of calving was further verified from observations of

substantial numbers of cows with calves from the visual survey flying on June 8 and 9.
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Figure 11: Movement rates of female collared caribou (n=17) on or around the Bathurst
calving ground before and during calving in June 2018. The boxplots contain the 25t and
75t percentile of the data with the median shown by the central bar in each plot. The ranges
up to the 95t percentile are depicted by the lines with outlier points shown as larger dots.
The red line indicates a movement rate of 5 km/day. The movement rates of collared cows
on June 8, the date of the photo survey, are highlighted in red. Visual strata were surveyed
on June 8 and 9.

Collared Caribou Movements Leading up to June 2018 Survey
Our objectives for the reconnaissance survey were to map the distribution of adult and

breeding females and define the concentrated calving area for the Bathurst herd. Collar
movements and initial reconnaissance flying demonstrated an unusual distribution of

caribou in the Bathurst Inlet area, which affected the way in which the Bathurst survey was

29



designed and flown. An explanation of these collar movements with a sequence of maps is

given here to explain the survey design.

In most years, Bathurst collared cows are largely moving northward from wintering areas,
and by early June the Bathurst cows are well separated from Bluenose-East cows that calve
west of Kugluktuk and Beverly cows that calve well east of Bathurst Inlet (Figure 12).In 2015
and 2016 the Bathurst herd showed these typical patterns. In 2017 the Bathurst herd was
well mixed with the Bluenose-East herd, as shown by the southern ends of the collar trails
that diverged in May and June, but cows separated well by the beginning of June. There was
also substantial winter mixing of the Bathurst collared cows with Beverly collared cows,
most Bathurst cows wintered on the tundra, and some wintered east of Bathurst Inlet. In
spring 2017, 5 collared Bathurst cows whose 2016 June locations were on the usual Bathurst
calving ground were initially east of Bathurst Inlet, but all 5 cows moved west of Bathurst

Inlet in early June 2017 (Figure 13).
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Figure 12: Spring migration paths of collared females from the Bluenose-East (blue),
Bathurst (red) and Beverly (green) herds in 2015, 2016, 2017 and 2018 May 1 - June 10 of
each year. The circles represent mean collared locations in the first two weeks of June for
each year. Note that in June 2018 three of the known Bathurst collars (red dots) were in the
main cluster of Beverly collars (blue dots); these are more easily seen in Figure 15b. Collar
data are from GNWT and GN.
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Figure 13: Spring migration paths of five collared Bathurst cows May 1 - June 15, 2017. All
five cows were known to have been on the traditional Bathurst calving ground in June 2016.
All wintered on the tundra and three wintered south or east of Bathurst Inlet with Beverly
collared cows. Beverly collars are omitted for clarity.

In winter 2017-2018, collared Bluenose-East caribou wintered well separated from the
Bathurst herd but Bathurst collared cows and bulls were well mixed with Beverly cows and
bulls all winter (Figure 14). Bathurst collared cows all wintered on the tundra and some were
east of Bathurst Inlet through the winter. In the spring, migration paths of Bathurst and
Beverly collared cows showed continued mixing, with some Bathurst cows moving north
into the main Beverly calving area (Figures 15a and 15b). Further south, collared Bathurst
and Beverly bulls in the spring of 2018 also showed continued mixing and some movement

into the Queen Maud Gulf area (Figure 16).
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Figure 14: Winter locations (March 15, 2018) of Bluenose-East collared cows (18) and bulls

(18) in purple, Bathurst cows (10) and bulls (10) in red, and Beverly cows (23) and bulls
(12). The Bathurst and Beverly herds were mixed throughout winter 2017-2018.

Bathurst collared cows (red) and 19 known Beverly cows (green). Purple dots are March 15
locations and indicative of wintering areas; black dots are June 16 locations.
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Figure 15b: Spring migration paths May 1 - June 16, 2018 of 11 known Bathurst collared
cows, in relation to June 2018 Bathurst calving ground survey area. Eight collared Bathurst
cows were within the Bathurst strata during the survey, while three were in the Queen Maud
Gulf coastal calving area. Beverly collars are omitted for clarity. Light green dots were during
the June 4-10 reconnaissance survey, red dots were at time of photo and visual flying, and

purple dots were during the composition survey June 13-16.
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Figure 16: Spring movements (March 15 - June 16) of eight known Bathurst collared bulls
and 11 known Beverly collared bulls in 2018.

For clarity, the movements of the 11 known Bathurst collared females are shown separately

(Figure 15b). Of the 11 collared cows that were known to have calved on the Bathurst calving
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ground in 2017 or earlier, three moved well east of Bathurst Inlet and into the main calving
area of the Beverly herd based on collared cows and the GN survey in June 2018. These three
did not return to the calving ground that the Bathurst herd has used consistently since 1996,
in June or thereafter. The remaining eight known collars were either west of Bathurst Inlet
in the area the herd has calved in since 1996, or in the Bathurst Inlet area during the June
survey period. There were an additional nine newly collared cows (collared winter 2017-
2018) that were in the Bathurst Inlet area, thus 17 collared cows total in the Bathurst Inlet
area. Of these 17, 12 were west of Bathurst Inlet in the traditional Bathurst calving area and
five were east and west of the Inlet on June 8 (the day of the photo survey). These five showed

a general westward movement during the initial two weeks of June (Figure 15b).

A further consideration in designing the Bathurst survey area was the observations from GN
biologist M. Campbell and NU Tunngavik Incorporated (NTI) biologist D. Lee (pers. comm.)
east of Bathurst Inlet, that showed consistent caribou trails in the snow from their first two
survey lines with those trails moving westward. Further east, by contrast, all the caribou
trails were more heavily used and led in a northeast direction, which followed the
movements of the known Beverly cows to the central and eastern Queen Maud Gulf coastal

calving area (Figure 15a).

Reconnaissance Survey to Delineate Strata
One Caravan based at the Ekati diamond mine flew the entire Bathurst reconnaissance

survey June 4-10, 2018. The initial focus was on the areas with collared cows, and thereafter
outlying areas were flown. Two other Caravans were based in Kugluktuk but these aircraft
were unable to fly June 2-5 due to fog and low cloud in the Kugluktuk area. June 6-8 these
two Caravans were primarily occupied with the Bluenose-East survey. A single day of clear
weather with blue skies occurred on June 8, and on this day the Bathurst (one) and Bluenose-
East photo blocks (two) were flown. The two Bathurst visual strata were surveyed on June 8
and 9, with one of the Kugluktuk Caravans assisting with covering the Visual East stratum. A

summary of the fixed-wing flying on the Bathurst June 2018 survey is given in Table 2.
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Table 2: Summary of reconnaissance and visual survey flying on the June 2018 Bathurst
calving ground survey.

Date Caravan 1 (Ekati) Caravan 2 (Kugluktuk)
June 1 Arrive Ekati Arrive Kugluktuk
June 4 Recon of core area at 10 km spacing ~ Grounded (weather)
June 5 Recon of core and surrounding area Grounded (weather)
June 6 Recon of areas south and east of core Bluenose-East survey
area
June 7 Grounded (weather) Grounded (weather)
June 8 Bathurst visual west block survey Bluenose-East survey
June 9 Bathurst visual east block survey Bathurst visual east block survey
& lines between Bathurst and
BNE
June 10 Recon lines to the west of Ekati & Recon lines to the East of
return to Yellowknife Kugluktuk &  return  to
Yellowknife

Considering the collar movements of Bathurst and Beverly collared cows, the results of the
Bathurst reconnaissance survey and the reconnaissance survey observations of the NU
biologists, we reasoned that the Bathurst herd’s main calving concentration as in past years
was west of Bathurst Inlet with most of the collared Bathurst cows (12 of 17 in the Bathurst
Inlet area) and that area should be the focus of the aerial photography. We reasoned further
from the locations and movement patterns (generally westward) of the other 5 collared
Bathurst cows just east and west of Bathurst Inlet, along with the westward-moving caribou
trails reported by NU biologists, that a smaller portion of the Bathurst herd’s cows were east
and west of Bathurst Inlet, in much lower numbers, and these areas should be visual strata
for the Bathurst survey. All known Beverly collared cows were by June 8 far east of Bathurst
Inlet (Figure 15a), so it appeared there had been a separation of the two herds just east of
Bathurst Inlet. The movement of three of the 11 known Bathurst cows to the main Beverly
calving concentration in the Queen Maud Gulf, while based on a limited sample, suggested
that a portion of the Bathurst herd’s cows may have emigrated to join that herd (Figures 15a

and 15b).

Reconnaissance flying included the areas west and east of Bathurst Inlet and all collared

cows in the area (Figures 17a and 17b). Areas north, west and east were also flown
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extensively to make sure that no significant numbers of cows were missed. In the east, our

reconnaissance lines adjoined the easternmost lines of the GN Beverly survey.
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Figure 17a: Reconnaissance survey of the Bathurst calving ground in June 2018 with
densities of caribou seen. White squares are from areas where no caribou were seen, grey
squares are from low-density areas (< 1 caribou/km?), and blue squares are from medium
density areas (1-9.9 caribou/km?). Gold stars show locations of collared female caribou on
June 8. One caribou in the lower visual east did not return a location for June 8 and the June
7th]ocation is shown. Full movement paths of collared caribou during the survey are shown
in later sections of the report. Transects east of Bathurst Inlet were from the first day of flying

on the GN Beverly survey in June 2018, courtesy of M. Campbell and D. Lee.
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Figure 17b: Reconnaissance survey of the Bathurst calving ground in June 2018 with
composition of caribou seen. Areas with cow-calf groups are red, areas with antlered cows
are light green, and areas with non-breeders (non-breeding cows, bulls and yearlings) are
blue. Gold stars are collared female caribou. Transects east of Bathurst Inlet were from the
first day of flying on the GN Beverly survey in June 2018, courtesy of M. Campbell and D. Lee.

Stratification: Photo Stratum and Visual Strata
One photo stratum was defined for the Bathurst 2018 survey (Figures 17a and 17b), which

included the majority of adult and breeding females and 12 of 17 collared cows in the survey
area. This block was similar in size and location to the Bathurst photo block in June 2015
(Boulanger et al. 2017). Two lower density visual blocks were also defined: a Visual West

block west of Bathurst Inlet and a Visual East block east of Bathurst Inlet.

Photo Stratum
With photo planes using high-resolution digital cameras, it is possible for the planes to fly at

different altitudes. Flying at a higher altitude increases the strip width and reduces the
number of pictures but also reduces the resolution of the pictures as indexed by ground

sample distance (GSD). GSD is a term used in aerial photography to describe the distance
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between pixels on the ground for a photo sensor. In practical terms, the GSD for the aerial

photos used in this survey translates into strip width and elevation AGL as follows (Table 3).

Table 3: GSD for photo sensor used on Bathurst June 2018 caribou survey, along with
associated elevation AGL and photographed ground transect strip width. Typical elevation
and strip width used in earlier film photo surveys are included for reference.

GSD (cm) Elevation AGL (feet) Strip
width in
m
4 2,187 692
5 2,734 866
6 3,281 1,039
7 3,828 1,212
8 4,374 1,385
9 4,921 1,558
10 5,468 1,731
Film Photos 2,000 914.3

With blue skies on June 8, the Bathurst photo stratum was flown at GSD 7 (average elevation

3,828 ft. (1,167 m) AGL) and a total of 1,715 photos were taken (Table 4, Figure 18).
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Table 4: Stratum dimensions, transect dimensions, photo numbers and ground coverage for
Bathurst photo survey block in June 2018. Actual coverage and photo numbers are in bold

and underlined.

Photographic stratum Photos at GSD Coverage at GSD
dimensions (Elevation AGL in feet)
Area  Average Transects Total transect 5 6 7 5 6 7
(km?)  Transect Sampled length (km) (2,734) (3,281) (3,828)
Width
(km)
1,159 35 15 525 2,389 2,003 1,715 40% 48% 56%
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Figure 18: Composite photo block west of Bathurst Inlet flown on June 8, 2018. The Hood
River valley can be seen in an east-west direction in the upper half of the survey block.
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Visual strata
The Bathurst reconnaissance survey was flown June 4-10 by a single plane based at Ekati.

Given forecasted weather conditions for June 8 and 9, visual survey flying was designed to
allow strata to be flown within two days, with one plane for the Visual West stratum and two
planes for the Visual East stratum. Estimates of density from the reconnaissance data
suggested that each stratum had relatively equal low densities of caribou (0.15 and 0.13
caribou/km? for west and east strata respectively) and therefore allocation of effort was
similar for the two strata. Based on logistics 12 and 18 transects were flown in the west and
east strata with resulting levels of coverage of 16 and 18% respectively. Dimensions of photo

and visual strata are in Table 5.

Table 5: Final dimensions of photo and visual strata for the 2018 Bathurst calving photo
survey.

Stratum Total # Area of Average Transect Coverage
Transects Sampled stratum Strip area
Possible Transects (km?2) width (km?)
(km)

Photo 27 15 1,227.3 1.294 682.7 56%
West 12 12 2,305.6 0.8 368.3 16%
Visual

East 18 18 4,661.9 0.8 824.5 18%
Visual

Movements of collared caribou within and between reconnaissance and photo/visual
blocks
As described earlier, 17 active cow collars were in the Bathurst Inlet area during the June

2018 survey, transmitted locations daily, and were used for survey planning. Twelve of these
were in the photo stratum for the duration of the visual/photo survey (Figure 19). One
collared cow moved from the Visual West to the Visual East stratum during the survey
period, two were contained within the Visual East stratum and two moved out of the Visual
East stratum during the visual survey. There was no location given for one of the caribou on
June 8, however, it occurred in the stratum on June 7 but was out of the stratum on June 9. It

was likely in the stratum during the survey based on the midpoint of the June 7 and June 9
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locations (Figure 19). We note that reconnaissance flying to the south of the three survey
blocks showed extremely low numbers of caribou present. Three additional collared cows
had moved into the main Beverly calving ground far to the east and are not shown on this

map.

Bathurst 2018 survey
Female collar locations
«  06/05/18 (Recon)
+ (06/06/18 (Recon)
+  D6/07/18 (Recon)
* 06/08/18 (Photo & Visual West)
= 06/09/18 (Visual East)
Strata
[ ehoto
2] visual east
0 visual west

Figure 19: Locations of collared Bathurst female caribou and movements from the
reconnaissance phase (June 5-7), photo survey (June 8t) and visual survey of the east
stratum on June 9th. One collar near the south end of the Visual East block did not report a
location on June 8, so no star is shown.

Collared caribou that had movement rates of greater than 5 km/day were mainly located
within the central regions of strata, suggesting that the strata contained the range of caribou
movements as indicated by collared caribou. The one collared cow south of the visual strata
during the survey was in an area where almost no caribou were seen during the

reconnaissance flying (see Figure 17).

In general, the observations of caribou in the Visual East and Visual West blocks confirmed

the low numbers found during the reconnaissance survey (Figure 20).
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Figure 20: Map of Bathurst June 2018 survey blocks showing the locations of caribou groups
seen in the photo block from photos and in the visual blocks from observations June 8 and 9.
Relative group sizes for the visual blocks are shown as varying sizes of circles, but not for the
groups seen in the photo block (too many).

Estimates of Caribou on Photo Stratum: Sightability
Photo interpreters found that the sightability of caribou on photos was influenced by snow

cover. If the ground was bare caribou were readily visible (Figure 21), however, caribou
were not as easy to see with patchy snow, particularly when caribou were at the edges of
snow patches. Overall, it took nearly twice as long to count the 2018 aerial photos (Bathurst
and Bluenose-East) as in the last photo surveys in 2015 when the ground was predominantly
bare (D. Fisher, GreenLink Forestry Inc., pers. comm.), to allow for comprehensive searching

of all photos.
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Figure 21: A zoomed-in portion of one of the Bathurst aerial photos from June 2018 survey.

Most caribou and their shadows are readily visible. A caribou on the edge of a snow patch in
bottom left corner is less clearly visible. There are 23 caribou on this photo.

Initial quality control of photo counting was carried out by D. Fisher re-counting several
hundred of the Bathurst and Bluenose-East photos counted by his staff. In addition,
sightability of caribou on photos was estimated by having a 2nd observer from GreenLink
Forestry independently re-count caribou on a subset of photos, without knowing what the
first observer had found. The second observer was Derek Fisher, who is the most

experienced observer of aerial photographs at the company.
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The photo survey transect lines were resampled systematically using transects
perpendicular to the original photo-plane transects. Two phases of sampling were
conducted. In the first phase, transects were sampled regardless of whether caribou were
detected in the original counts. In the second phase, photos closest to the first phase transect
line that contained caribou in the first phase were resampled. Using this approach, we tested
whether all caribou were detected on photos even when they were not detected originally.
The second phase still was a systematic sample but increased the sample size of photos with
caribou counts, which were most useful for cross validation purposes. Figure 22 shows the

photo resampling design.

Bathurst photo cross-validation
Photos counts.

2nd count lower

Equal counts

2nd count higher
Photos with no carbou detected

Photo transect lines
Strata
[ Photo
E Visual east
[ visual west

Figure 22: Systematic sampling design for cross validation of photos for the Bathurst June
2018 calving ground survey.

Overall, 161 photos were recounted, of which 87 contained caribou. Seventy-four additional
caribou were counted in the second count, with a corresponding ratio of original to second
count of 0.842 (Table 6). One assumption in this comparison is that the first and second
counter were counting the same caribou on a given photo. To test this assumption the
distances between points of counted caribou in the first and second count was measured in

GIS to identify any counted caribou that were a further distance from the original counts.
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This process did not identify any new caribou. One caribou was counted on a photo during
the original counts but not counted in the second count. An additional 228 photos were re-
sampled by similar means as part of the Bluenose-East June 2018 survey, with similar results

(Boulanger et al. 2019).

Table 6: Summary of photo cross validation data set for Bathurst June 2018 aerial photos.
The ratio of the original count to second count is an estimate of photo sightability.

Original | Second New caribou Caribou not Original
count count counted in detected in count/second
second count second count count
393 467 74 1 0.842

This cross-validation process can be modeled as a two sample mark-recapture sample with
caribou being “marked” in the original count and then be “re-marked” in the second count.
Using this approach avoids the assumption that the second counter detects all the caribou
on the photo. The Huggins closed N model (Huggins 1991) in program MARK (White and
Burnham 1999) was then used to estimate sightability. Table 7 below gives the results with
the sightability from the first counter being very close to the ratio of the original to second
count. The reason for this is that the second counter only missed one caribou not originally

counted and therefore his sightability score was very high.

Table 7: Estimates of sightability for the first and second counters on the Bathurst June 2018
aerial photos, from the Huggins closed N model.

Counter Estimate SE LCI UCI Ccv
First 0.841 0.017 0.805 0.872 2.01%
Second 0.997 0.003 0.982 1.000 0.25%

The variance estimate from program MARK assumes that all caribou counted are
independent, which is likely violated given that in many cases caribou occurred in larger

groups. The violation of this assumption leads to over-dispersion of binomial variances and
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a resulting negative bias. To confront this issue, we used a bootstrap method (Manly 1997)
that bootstrapped based on caribou counted on photos. The assumption in this case is that
counts of caribou on each photo are independent rather than all caribou counted being
independent. The resulting estimate of SE was 0.042 with a coefficient of variation (CV) of
4.7% which is more realistic, and this was used for subsequent calculations. Future photo
counting efforts should classify counted caribou in groups to allow more focused methods of

estimating sightability variance.

Estimates of Total Caribou in Photo Stratum
Table 8 below gives the initial estimates of caribou in the photo stratum and the estimates

adjusted for photo sightability. We also corrected the initial estimates for differential strip
widths, as was done in the 2015 surveys. The photo-sightability estimate was calculated as
the initial estimate divided by photo sightability. Variance for the photo sightability was
calculated using the delta method (Buckland et al. 1993). The resulting estimate was about
800 caribou (16%) higher than the non-adjusted estimate.

Table 8: Initial estimates of abundance in survey strata, estimated photo sightability and
corrected estimates of abundance with photo sightability for Bathurst June 2018 calving
photo survey.

Initial estimate of N Photo sightability Photo-sightability
(not corrected) corrected N estimate
N SE cv p SE cv N SE Ccv
4,245.7 | 580.34 | 0.136 | 0.842 | 0.042 | 0.050 | 5,043.4 | 734.5 | 0.146

Double Observer Analysis and Estimates of Total Caribou in Visual Strata
Detailed descriptions of the double observer methods and results are provided in Appendix

1. Data from both the Bathurst and Bluenose-East surveys were combined as some survey
crews flew portions of both surveys. Overall, double observer corrected estimates (using the
MRDS R package) were about 5% higher than non-double observer estimates. Precision was

lower than for uncorrected count-based estimates but still acceptable (Table 9).
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Table 9: Standard strip transect and corrected double observer model estimates of caribou
on Bathurst visual strata in 2018.

Stratum  Caribou Standard estimate Double observer corrected
estimate
counted Estimate SE Ccv Estimate SE Confidence Cv
interval
Visual 88 551 132.1 24.0% 567 140.50 332 970 24.8%
West
Visual East 220 1,244 286.7 23.0% 1,309 332.70 773 2,216 25.4%
Total 369 1,795 151.7 17.6% 1,877 360.9 1,265 2,783 19.2%

Estimates of Total Caribou on the Calving Ground
The estimate of total caribou at least one year old on the calving ground (6,919) is given in

Table 10 below. The CV was slightly high due to the aggregation of caribou (clumped
distribution) in the photo stratum as well as the added variance from estimating sightability

of caribou on the photos.

Table 10: Estimates of caribou numbers (at least one year old) in photo and visual Bathurst
strata in June 2018. These are corrected for sightability.
Strata N SEN Conf. Limit Cv Density
Photo 5,043 7345 3,696 6,881  0.146 4.11
West Visual 567 140.5 332 970 0.248 0.24
East Visual 1,309 3327 773 2,216  0.254 0.27
Total 6,919 8185 5415 8,843 0.118
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Composition Survey in June 2018
A composition survey was conducted in the Bathurst survey area June 13-16, which was five

to eight days after the photo and visual survey. Review of the locations of collared females
suggested that minimal movement occurred during this time with collared females inside
the photo stratum on June 8 remaining within it (Figure 23). One additional collared cow
that was south of the photo stratum on June 8 moved into this stratum, thus the composition
survey results were still representative of the distribution of Bathurst caribou females. In
addition, daily movement rates for Bathurst collared cows were below 5km/day on June 8

and remained there the following week (Figure 11).

Bathurst 2018 survey
Female collar locations.
June 8 Photo/East strata survey
June 9 West stratum survey
® June 13 Photo comp
® June i4 Photo / West comp
@ June 16 East comp
Survey strata
|:| Photo
D Visual east

D Wisual west

Figure 23: Locations of collared females between the dates of the Bathurst photo and visual
strata flown June 8 and 9, and the composition survey flown June 13-16.
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The composition survey systematically covered the photo stratum (Figure 24), which
confirmed stratum boundaries and showed that most breeding cows were contained within
this stratum. The Visual West block had some cow-calf groups and a higher proportion of
non-breeding cows than the photo block. The Visual East stratum mainly contained bulls,
yearlings and a few non-breeding cows. The numbers of breeding cows, non-breeding cows,

yearlings and bulls within each stratum are listed in Table 11.

Bathurst 2018 survey
- Composition of groups

| Breeding cows

| Non-breeding cows
Yearlings
Bulls

Survey strata

[ Photo

[ visual east
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25 0 25 km

Figure 24: Helicopter flight paths and caribou groups classified during calving ground
composition survey of Bathurst caribou, June 13-16, 2018. The size of the pie charts is
proportionate to the number of caribou classified in a group. Proportions of age-sex classes
make up the individual pie sections.
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Table 11: Summary of composition survey results on Bathurst calving ground June 2018 in
photo and visual strata.

Stratum # Adult females Yearlings Bulls Total
groups caribou
(1yr+)
Total breeding non-
breeding
Photo 80 1,517 1,134 383 242 0 1,759
Visual East 38 46 20 26 33 36 115
Visual West 52 135 72 63 94 34 263

Estimates of the proportions of adult females and breeding females were then derived with

variance and confidence limits estimated via bootstrap methods (Table 12).

Table 12: Proportions of breeding females and adult females from composition survey on
Bathurst calving ground June 13-16, 2018. Proportions are expressed as percentages of
caribou at least one year old.

Stratum Estimated SE Confidence Limit
Proportion (Upper and Lower)

Breeding females
Photo 0.645 0.029 0.581 0.695
Visual west 0.274 0.043 0.185 0.354
Visual east 0.174 0.044 0.098 0.266
Adult females
Photo 0.862 0.020 0.814 0.896
Visual West 0.513 0.041 0.429 0.593
Visual East 0.400 0.059 0.284 0.524

Estimates of Breeding and Adult Female Caribou
Estimates of the numbers of breeding females (Table 13) were derived by the product of

caribou at least one year old (Table 10) and the proportion of breeding females in each
stratum (Table 12). Estimates of the numbers of adult females (Table 14) were similarly
derived from the product of caribou at least one year old (Table 10) and the proportion of

adult females in each stratum (Table 12).
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Table 13: Estimates of number of breeding females based upon initial abundance estimates
and composition surveys on Bathurst calving ground June 2018.

Stratum Caribou Proportion of Number of Breeding Females
breeding
COWsS
N CV.N pb (6\Y N SE Conf. Limit (6\Y
Photo 5,043  0.146 0.645 0.045 3,253 4958 2,350 4,502 0.152

West Visual 567 0.248 0274 0.157 155 45.6 82 292 0.294
East Visual 1,309 0.254 0.174 0.253 228 81.7 110 474 0.358
Total 6,919 3,636 504.6 2,709 4,880 0.139

Table 14: Estimates of numbers of adult females based upon initial abundance estimates
and composition surveys on Bathurst calving ground June 2018.

Stratum Caribou Proportion of Number of Adult Females
adult cows
N CV.N pa Cv N SE Conf. Limit Cv
Photo 5,043 | 0.146 | 0.862 | 0.023 | 4,347 | 641.1 | 3,174 | 5,954 | 0.147

West Visual 567 0.248 | 0.513 | 0.080 | 291 75.7 166 511 0.260

East Visual 1,309 | 0.254 | 0.400 | 0.148 524 153.9 286 960 | 0.294

Total 6,919 5,162 | 663.7 | 3,935 | 6,771 | 0.129

The ratio of breeding females to adult females was 70.4%, suggesting a fair-good proportion
of pregnant females compared to previous survey years. The proportion of breeding females

in June 2015 was lower (60.9%; Boulanger et al. 2017).

Fall Composition Survey October 2017
A composition survey was conducted 23-25 October 2017 to estimate the bull-cow ratio of

the Bathurst herd. Overall there were 39 groups observed with totals of bulls, cows and
calves summarized in Table 15. Bootstrap methods were used to obtain SEs on estimates

(Table 16).
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Table 15: Summary of observations from fall composition survey on Bathurst herd October
23-25,2017.

Cows Bulls Calves Groups
940 532 431 39

Table 16: Estimates of the bull-cow ratio, proportion cows, and calf-cow ratio from the fall
composition survey on Bathurst herd October 2017.

Indicator Estimate SE Conf. Limits CVv
Proportion cows 0.629 0.017 0.596 0.666 2.7%
Bull-cow ratio 0.592 0.044 0.501 0.678 7.4%
Calf-cow ratio 0.429 0.018 0.399 0.466 4.1%

Extrapolated Herd Estimates for Bathurst Herd
Estimates of adult herd size (caribou at least two years old) for the Bathurst herd in 2018

are presented in Table 17. The estimate based on an assumed fixed pregnancy rate uses a
value of 0.72 (Dauphiné 1976) while the estimated proportion of breeding females in June
2018 was 0.704, which resulted in relatively similar extrapolated herd estimates (8,207 vs
8,029; Table 17). The preferred estimate uses the proportion of females, which is simply the
estimate of adult females (5,162) divided by the proportion of cows in the herd (0.629) from
the fall 2017 survey. Log-based confidence limits, which were used for other estimates as
well as traditional symmetrical confidence limits (estimate + t*SE) are given. In most cases
log-based limits give better representation of confidence estimates than traditional
symmetrical methods because the distribution of estimates has a slight positive skew.
However, previous analyses have used the symmetrical method. The actual difference in CI's

is relatively minor.

Table 17: Extrapolated herd size estimates for the Bathurst herd in 2018 based on two
estimators. The estimate based on proportion of adult females is the preferred one and has
a smaller variance.

Method N SE Log-based CI Symmetric Cv
Traditional CI
Proportion of adult females 8,207 | 1079.0 | 6,218 | 10,831 | 5,920 | 10,494 | 13.1%
Constant pregnancy rate 8,029 | 13909 [ 5,565 | 11,583 | 5,064 | 10,993 | 17.3%
(0.72)
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Trends in Numbers of Breeding and Adult Females and Herd Size 2010-2018
Estimates of breeding cows, nonbreeding cows and (total) adult cows in the Bathurst herd

are shown in Figure 25 for surveys 2009-2018. A roughly stable trend 2009-2012 was
followed by significant declines to 2015 and 2018. Reductions from 2015 to 2018 in
estimates of breeding females were 55.0%, in adult females 61.0% and in overall herd size
58.5%. The reduction in herd size indicates an annual rate of decline of 25.5% 2015-2018.
These reductions consider only the numbers of caribou found on the June 2018 Bathurst
survey area (and associated extrapolated herd sizes), and do not consider the apparent loss
of some of the herd to the Queen Maud Gulf calving ground. The proportion of adult females

classified as breeding was higher (70.4%) in 2018 than in 2015 (60.9%).
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Figure 25: Estimates of the number of breeding females (green), non-breeding females
(light brown) and adult females (summed bars) in the Bathurst herd 2010-2018.

Demographic Analysis of Trends in the Bathurst Herd
The Bayesian state space model (Humbert et al. 2009, Kery and Royle 2016) was used to

estimate longer term trends in the Bathurst data set. For this analysis, trend (log A) was
modeled as a random effect, therefore allowing assessment of variation in A in intervals

between surveys.
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For breeding females, overall trends were significant (p=0.025) with an overall A estimate

for the entire data set (1985-2018) of 0.88 (0.79-0.98) (Figure 26).
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Figure 26: Trends in Bathurst breeding females 1986-2018, as estimated by the Bayesian
state space model. The left graph is for the full extent of the data set and the right graph is
zoomed into the period of 2009-2018. Field estimates are given as red dots (with confidence
limits) and model predictions are shown as blue lines with confidence intervals as hashed
lines.

Of greatest interest is trend since 2009, which suggested an initial increasing trend up to
2012, where the geometric mean of A (3 year) was 0.95 (CI=0.87-1.06), before declining to
0.78 (CI=0.68-0.91) in 2018 (Figure 27). Trend of breeding females will be influenced both

by abundance of adult females and pregnancy rate.
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Figure 27: Estimate of A for Bathurst breeding females 1989-2018, as estimated by the
Bayesian space model analysis. Model predictions are shown as blue lines with confidence
intervals as hashed lines. A A of 1.0 indicates a stable population.

Trends in numbers of adult Bathurst females (Figure 28) were also significant for the entire
data set (p=0.045) with an overall A estimate of 0.88 (CI=0.80-0.99) for the entire (1985-
2018) data set (Figure 29).

3000004 3% i i 40,000
30,0004% .7

$ 2000007 | 3
(3] : ®©
€ €

Q QD 20,0001
5 5
e} el
<< 100,000 <

10,000 1

0+ 0-

1986 1990 1994 1998 2002 2006 2010 2014 2018 2010 2012 2014 2016 2018
Year Year

Figure 28: Trends in numbers of adult Bathurst females 1986-2018, as estimated by the
Bayesian state space model. The left graph is for the full extent of the data set and the right
graph is zoomed into the period of 2009-2018. Field estimates are given as red dots (with
confidence limits) and model predictions are shown as blue lines with confidence intervals
as hashed lines.
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Figure 29: Estimates of A for adult Bathurst females 1989-2018, as estimated by the
Bayesian state space model. Model predictions are shown as blue lines with confidence
intervals as hashed lines. A A of 1.0 indicates a stable population.

Estimates of A in adult Bathurst females were also relatively similar in trend to the breeding
female estimates, with the exception of the 2012-2018 period where a trend of decreasing A
is evident, resulting in a three year geometric mean estimate of 0.76 (CI=0.66-0.7) in 2018

(Figure 29).

In general, densities of caribou in the core Bathurst area have decreased in parallel with
overall trends since 2012. In 2012, densities in the core area did increase in unison with a
smaller more aggregated core calving area. An analysis of trends in core calving ground area

and related densities is given in Appendix 4.

Demographic analysis using multiple data sources

Survival analysis of collared cows
Collar data from adult Bathurst females were used to estimate annual survival rates 1996-

2018. Of most interest was the interval 2009-2018 when management actions limited
hunting mortality and collar sample sizes were increased after 2014. Estimates of monthly
mortality, which is the ratio of collar mortalities to collars available, indicate higher mortality

rates in the summer months of 2010-2014 followed by lower levels of mortality from 2014
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to 2018 (Figure 30). A collar history plot that details individual collar fates is given in

Appendix 2.

2009

2010

0.304
0.251
0.204
0.151
0.101
0.054
0.004

0/23 0/22 0/220/151/14 0/12 0/121/120/10 2/8 0/7 0/7

1/9 0/8 0/10 0/20 0/20 2/20 2/18 2/17 0/14 0/8 0/8 0/8

2011

2012

0.304
0.254
0.20 1
0.154
0.101
0.054
0.001

0/8 0/8 2/8 0/17 0/17 0/17 3/17 3/14 1/11 1/10 0/9 0/9

0/9 0/9 2/221/200/200/21 3/21 2/181/16 0/15 1/15 0/14

2013

__--__l.-_-_
2014

© 0.301
£ 0.25-
80204
S 0.154
> 0.101
£ 0.054

0/14 0/14 0/17 2/16 2/150/13 1/13 1/12 1/11 0/10 0/9 1/8

0/7 1/7 1/190/180/180/18 2/18 0/16 0/16 0/15 1/15 0/14

5 0.00+
=

2015

_.-___.___-_
2016

0.304
0.254
0.201
0.154
0.104
0.054
0.001

0/14 0/14 1/32 0/32 1/320/31 4/310/27 0/26 0/25 0/24 0/24

1/24 0/23 1/28 0/28 0/27 0/27 1/27 0/26 0/25 1/25 0/22 0/22

2017

2018

0.301
0.254
0.204
0.154
0.101
0.054

0.004

0/211/220/27 0/310/310/310/310/310/290/250/22 2/22

0/190/23 1/26 0/22 0/22

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 30: Summary of monthly collared cow mortality data for Bathurst herd 2009-2018.
Individual collar histories for recent years (i.e. since 2016) are given in Appendix 2.

The total data set is summarized in Table 18 with corresponding cow survival rate estimates

for each year. Initial collar sample sizes were very low in 1996 and 1997 (<10), then

increased somewhat 1998-2014 (10-20) with an average of 25-26 in 2015-2017. As a result,

annual survival estimates have a high variance and should be interpreted with caution.
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Table 18: Summary of Bathurst collar sample sizes and survival estimates.

Caribou Mortalities

Live collar sample sizes

Yearly survival estimates

Year

Total Collar Mean Min Max  Estimate SE Conf. Limit

months

1996 2 101 8.4 7 10 0.79 0.13 0.44 0.95
1997 2 85 7.1 6 12 0.75 0.15 0.38 0.94
1998 7 174 14.5 5 21 0.52 0.14 0.27 0.76
1999 1 161 13.4 13 14 0.92 0.07 0.61 0.99
2000 3 158 13.2 12 15 0.79 0.11 0.51 0.93
2001 6 123 10.3 5 13 0.50 0.14 0.25 0.76
2002 2 136 11.3 9 15 0.86 0.09 0.58 0.97
2003 5 117 9.8 7 13 0.58 0.14 0.31 0.82
2004 4 136 11.3 6 22 0.66 0.14 0.35 0.87
2005 4 187 15.6 13 19 0.78 0.10 0.53 0.91
2006 3 199 16.6 15 22 0.85 0.08 0.62 0.95
2007 6 213 17.8 15 21 0.71 0.10 0.48 0.86
2008 2 210 17.5 12 23 0.87 0.09 0.59 0.97
2009 4 135 11.3 7 20 0.61 0.15 0.31 0.85
2010 8 151 12.6 8 20 0.53 0.13 0.29 0.76
2011 11 167 13.9 9 22 0.46 0.11 0.26 0.67
2012 11 196 16.3 14 21 0.51 0.10 0.31 0.70
2013 6 145 12.1 7 19 0.55 0.14 0.28 0.79
2014 5 236 19.7 14 32 0.78 0.09 0.55 091
2015 6 319 26.6 23 31 0.81 0.07 0.63 0.91
2016 3 306 25.5 21 31 0.88 0.06 0.69 0.96
2017 3 303 25.3 19 31 0.87 0.07 0.67 0.96

The annual cow survival rate estimates are plotted in Figure 31, which suggests an increasing

trend in cow survival after 2014, albeit still with high variance due to limited collar numbers.
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Figure 31: Annual survival rate estimates 1996-2018 for Bathurst adult females based on
collared female caribou.

Bayesian state space integrated population model (Bayesian IPM)
The main objective of the Bayesian IPM was to provide refined estimates of demographic

parameters using all available field data. For the Bathurst herd, temporal variation in main
parameters (cow/yearling survival, calf survival) was modeled as random effects. A more
detailed technical description of the model, including tests of model parameters and the

associated R code, is given in Appendix 3.

The Bayesian IPM fit most field measurements adequately (Figure 32). The main exceptions
were overestimates of cows and cows+bulls (compared to extrapolated estimates) in 2018,
which is discussed later in the report. Also, in some cases the proportion of breeding females
estimates did not align well with field estimates. Confidence in model predictions tended to

be highest for the years in which there were field estimates.
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Figure 32: Predictions of demographic indicators from Bayesian model analysis compared
to observed values, for Bathurst herd 1985-2018. The solid blue lines represent model
predictions and confidence limits are shown as hashed blue lines. The red points are field
estimates with associated confidence limits. Spring calf:cow ratios are flown in March or
April and are also called late-winter surveys. Estimated numbers of cows and herd size
(bulls+cows) show the more recent ten-year period to facilitate interpretation.

We modeled summer (June - late October) and winter (October - June) calf survival with the
transition being the fall rut when fall composition surveys occur (Figure 33). This

parameterization takes advantage of years where fall and spring calf cow surveys occur,
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therefore allowing assessment of change in proportion calves between June calving ground
surveys, October fall surveys, and March/April late winter surveys and subsequent
estimation of calf survival for each period. As found in previous studies (Gunn et al. 2005),
summer survival is consistently lower than winter survival, when calves are larger. We note
that the survival rates in the graphs below are expressed on the annual scale for comparison
purposes. The actual rates will be different (slightly higher) given that summer or winter is

shorter in time than a year.
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Figure 33: Trends in model-based summer and winter and overall calf survival for the
Bathurst herd 1985-2018.

Overall calf productivity, which is basically the proportion of adult females that produce a
calf that survives the first year of life, can be derived as the product of fecundity (from the
previous caribou year) and calf survival (from the current year) (Figure 34). Estimates from
Figure 34 suggest that productivity has not returned to levels observed prior to 1997 (mean
productivity=0.46) in the 2011-2018 period (mean productivity=0.25). A potential negative
trend in proportion of breeding females is evident as well as lower calf survival in the past
ten years. As discussed later, environmental covariates and trend models will be used to

further explore demographic trends and mechanisms affecting herd productivity.
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Figure 34: Trends in a) fecundity, b) annual calf survival and c) productivity (which is the
product of the previous year’s fecundity times the current year calf survival) for Bathurst
herd 1985-2018. Spring calf cow ratios, which are lagged by one year, so that they

correspond to the productivity/caribou year prediction of the model, are shown for
reference purposes.

Spring calf-cow ratios, which are recorded in March or April, are overlaid in the productivity
graph (Figure 34). Note that the spring calf-cow ratio is influenced by cow survival, calf
survival as well as fecundity and therefore will not correspond directly to productivity. It
will be greater than actual productivity because lower cow survival rates, which influence
the count of cows in the spring, will inflate calf-cow ratios. The model predictions of spring
calf-cow ratios, which account for cow survival, are shown in Figure 34. In addition, the
model uses both calf cow ratios and proportion breeders (estimated during calving ground
survey years) to estimate fecundity. In some cases, this results in poor model fit if calf cow
ratios do not correspond well with the proportion of breeding cows estimated on the calving
ground. In all cases the field estimates are within the confidence limits of the corresponding

demographic model estimates.

One of the most important determinants of herd trend is adult cow survival since this directly
influences the overall productivity of the herd. Collar-based point estimates and modeled
annual and three-year average values for cow survival are shown in Figure 35. The dashed
horizontal line indicates survival level needed for herd stability at mean productivity levels
of 0.30 (2015-2018). The shaded region represents the range of cow survival levels needed

for population stability across lowest observed levels of productivity (2015: 17%) to higher
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levels of productivity (2016:45%) during the 2015-2018 period (Figure 35). If productivity

is at levels observed from 2015-2018 (0.31) then cow survival would need to be 0.88 for

stability.
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Figure 35: Trends in Bathurst cow survival 1985-2018 from Bayesian IPM analysis and
collars. The solid blue lines represent model predictions and confidence limits are the hashed
blue lines. A) The left graph shows the full time series with model estimates of survival
denoted by blue lines, and “natural survival” with hunting mortality removed denoted by a
green line. The red points are observed field estimates from collars with associated
confidence limits. B) The right graph shows the empirical and modeled estimates of cow
survival since 2010, when harvest restrictions were placed on the Bathurst herd. The dashed
horizontal line indicates cow survival level needed (mean survival of 0.89) for herd stability
at mean productivity levels of 0.30 (2015-2018). The shaded region represents the range of
cow survival levels (0.85-0.93) needed for population stability across lowest observed levels
of productivity (17%) to higher levels of productivity (45%) during the 2015-2018 period
as shown in Figure 34c.

Model-based estimates of cow survival suggested an increasing trend in cow survival from
2012 to 2018 with a three-year average survival of 0.81 (CI=0.75-0.87) for the 2014-2017
calving year period. The model estimate of cow survival for the caribou year of 2017 (which
spans from June 2017 to May 2018) was 0.82 (0.69-0.92). The estimate of cow survival in
2015 using the OLS model was 0.78 (CI=0.74-0.89) which compares to the Bayesian model
estimate of 0.79 (CI=0.66-0.90) for 2015. While survival rates are potentially increasing, they

still are below levels needed for herd stability as indicated by the grey zone in Figure 35.
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Comparison of natural (green line) and observed survival rates (blue line) in Figure 35
illustrates the increasing impact of harvest on cow survival rates up to 2009 when harvest
was reduced. In 2008, observed cow survival (including harvest) was 0.69 (CI=0,60-0.76)
compared to a natural survival level of 0.87 (CI=0.76-0.96) during this time, assuming an
annual cow harvest of 5,000. When harvest was reduced, observed and natural survival rates
were similar. Future modeling will further consider variation in harvest rates and potential

overall trends in natural survival when historic harvest is accounted for.
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Figure 36: Estimates of bull survival for the Bathurst herd 1985-2018. The blue line
represents observed survival whereas the green line represents natural survival with

harvest mortality removed. Because harvest was very low 2010-2018, observed and natural
mortality were similar.

Bull survival was estimated at 0.71 (0.52-0.91) in 2017 which is similar to the estimate in

2015 (0.72 (CI=0.59-0.92) (Figure 36).

Preliminary assessment of effects of emigration on estimate of Bathurst caribou

Population rates of change (A) for cows suggest a rate of 0.92 (CI=0.83-0.99) 2015-2018
(Figure 37), which is higher than the rate indicated by adult cow estimates from the calving
ground surveys of 0.76. The most likely reason for this difference is the direct impact of

emigration of cows on the adult female calving ground survey estimate.
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Figure 37: Overall trends (A) in adult cows in the Bathurst herd 1985-2018 from the
Bayesian model analysis. A value of 1.0 indicates stability.

Predicted numbers of breeding cows, adult cows, and bulls from the demographic model in
2018 were higher than calving ground estimates. For example, the estimate of breeding cows
for the demographic model in 2018 was 5,551 (CI=1,935-9,591) compared to the calving
ground-based estimate of 3,636 (CI=2,709-4,880). The demographic model estimate is 35%
higher, although the confidence limits of the demographic model estimate overlap the field
estimate. The likeliest reason for this is that the demographic information used in the model
is based on caribou that were in the Bathurst herd up to the 2018 survey, and the 2018
breeding female estimate is only one of many data points used to inform the model. Basically,
the model tolerates a slight lack of fit to the breeding female estimate in order to fit the other
field estimates such as proportion breeding, calf-cow ratios, and cow survival rates. In this
context, demographic predictions are less influenced by emigration of some Bathurst cows

to the Queen Maud Gulf in 2018, which reduced breeding female estimates.

We conducted a sensitivity analysis of estimates to inclusion of the 2018 breeding female
estimate, which was influenced by movements of cows to the Queen Maud Gulf. Estimates of
cow survival when the 2018 adult female estimate were excluded were 0.85 (CI=0.74-0.93)
for the 2017 calving ground year compared to 0.82 (CI=0.69-0.92) when the 2018 data point
was included. The three-year average survival rate was 0.84 (CI=0.78-0.89) compared to

0.81 (CI=0.75-0.87) when the 2018 data point was included. Therefore, exclusion of the 2018
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breeding female estimates boosted survival rates by 3%. Sensitivity analysis results for other

parameters are given in Appendix 3.

The demographic model in this report will be further refined in the future. Potential
refinements include more direct modeling of fidelity to the Bathurst calving ground using
ratios of caribou that emigrate from the Bathurst calving ground. One of the challenges of
this analysis is that we only had estimates of fidelity for collared cows with no estimates of
fidelity for yearlings, calves, and bulls. [t may be possible to partially estimate fidelity of bulls
by proximity to calving grounds as well as get direct estimates of bull survival from the bull
collars. In addition, harvest in the current version was modeled as a fixed rate which did not
account for uncertainty in actual harvest particularly in the historic data set. Methods will be
used to better incorporate uncertainty in harvest estimates which may help better refine
estimates of natural survival. Finally, environment covariates will be used to model temporal
trends in demographic parameters in unison with other trend models. The use of
environmental covariates in previous demographic analyses up to 2016 (Boulanger and
Adamczewski 2017) suggested possible linkages; however the recent 2017-2018

environmental data were not available for this analysis.

Estimation of Bathurst adult females, including emigration to the Queen Maud Gulf
The Lincoln-Petersen mark-recapture estimator (Nrp) based estimate of adult Bathurst cows

that occurred both on the Bathurst calving ground and in the Queen Maud Gulf calving area
was 7,098 (Cl=4,432-11366, CV=23%), assuming that the proportion of known Bathurst
collared cows (8/11) on the Bathurst calving ground was indicative of the overall
distribution of cows in the entire herd. The corresponding estimate from the survey was
5,162 adult females in the Bathurst survey area, suggesting that 1,936 (CI=497-4,595) were
in the Queen Maud Gulf coastal calving area. This estimate should be interpreted cautiously

since it is based on only 11 collared caribou.

Estimates of adult females were generated using the demographic model for the Bathurst
herd with and without the 2018 data point included (Figure 38). The demographic model
attempted to balance the input from collared caribou, composition surveys, and previous

survey estimates to estimate the number of adult females in 2018. The resulting estimate
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with the 2018 data point included was 7,833 adult females (CI=5,329-11,631, CV=21%),
which was 35% higher than the corresponding observed estimate on the calving ground
(5,162 CI=3,935-6,771, CV=13%). In addition, as discussed earlier, the demographic model
estimate of adult females was less directly influenced by emigration of females to the Queen
Maud Gulf coastal calving area in 2018 (which reduced the calving ground adult female
estimate). Therefore, it would be expected that the demographic model estimate would be
higher than the calving ground estimate, perhaps approaching the Nip estimate of 7,098.
Regardless, confidence intervals overlapped for the two estimates and therefore the

difference could be expected by chance.

The demographic model was then run without the 2018 adult female estimate as part of the
data set, therefore considering a scenario where all caribou occurred in the core Bathurst
calving ground. The resulting estimate (11,423 CI=7,620-16,190) was 30% higher than when
the 2018 adult female estimate was included in the demographic model run. The ratio of the
estimates with and without the 2018 estimate included was 69% (CI=27-69%). This
provides an alternative estimate of the proportion of Bathurst cows that remained on the
traditional calving ground; this would mean that 31% of the cows had emigrated to the
Queen Maud Gulf coastal calving area. This is relatively similar to the Lincoln-Petersen based
estimates of 72% of the cows on the traditional Bathurst calving ground and 28% in the
Queen Maud Gulf coastal calving area, based on collars. However, both estimates should be
used with caution as one is based on model projections and the other on a limited number of

collars.

The field and model-based estimates that include the Bathurst cows that appear to have
emigrated to the east are still lower than the estimate of adult females on the calving ground
in 2015 (13,264, CI=8,312-18,216) suggesting that substantial decline of the Bathurst herd
has occurred even when emigration in 2018 to the Queen Maud Gulf/Beverly calving ground
is considered. More exactly, the collar-based estimate (7,098, CI=4,432-11,366) was 46% of
the 2015 adult cow estimate resulting in an annual rate of decline of 23%. The estimated

annual rate of decline based on the demographic model estimate of 11,423 (CI=7,620-
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16,190) was 5%, however, this estimate should be treated cautiously given limitations in

directly comparing field estimates with demographic model estimates.

Demographic model Field estimates

15000 1

10000

T
1

Adult females

5000

T
=

Calving ground  Calving ground + QMG Calving ground  Calving ground + QMG
Estimate type

Estimator - Demographic model I:I Field estimates

Figure 38: Field and model-based estimates of adult females on the Bathurst calving ground
compared to estimates that were adjusted to include Bathurst females that calved on the
Queen Maud Gulf coast calving area in 2018. Field estimates include the base estimate of
adult females, and the base estimate of adult females divided by the proportion of collars
that occurred on the Bathurst calving ground. Demographic model estimates include
Bayesian IPM runs with the 2018 adult female estimate included and excluded.

Exploration of Potential Reasons for Decline in Herd Size

The apparent large decline in breeding and adult females in the Bathurst herd 2015-2018
could have resulted from (1) missing female caribou based on limited survey coverage or
sightability, (2) movement of female caribou to adjacent calving grounds, and (3)
demographic changes within the herd (low pregnancy rates, reduced calf survival, or
reduced survival of adult caribou). We considered the likelihood of each factor contributing

significantly to the estimated reduction in abundance.

Survey conditions and female caribou not occurring in strata
Survey conditions were challenging during the Bathurst 2018 survey; in particular, the snow

conditions made caribou more difficult to see than on previous surveys with predominantly
bare ground. It is possible that the counts from the two visual strata under-estimated true

abundance due to poor sighting conditions. However, 96.9% of the estimated breeding
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females and 84.2% of the estimated adult females for the overall survey area were estimated
from the photo stratum. The comparable figures in 2015 were a very similar 96.2% of
breeding cows and 88.9% of adult females from the photo stratum (Boulanger et al. 2017).
In the photo stratum for 2018, extra time spent counting caribou on photos and the double
observer check on photos provided confidence that sightability was >84% and thus that
caribou missed had been accounted for. In addition, the 17 active collared females in the
Bathurst Inlet area were accounted for in the three survey strata. One collared cow was south
of the visual and photo strata at the time of the aerial photography June 8-9, but
reconnaissance flying in this area showed there were very few caribou in that area (see
Figure 17). Extensive reconnaissance flying north, south and west of the three survey strata

demonstrated that there were very few caribou in these areas.

There remains a possibility, based on very low densities of caribou observed by GN biologists
(Figure 17) beyond the eastern boundary of the Bathurst East Visual block, that a few
Bathurst cows were found further east. However, GN biologists observed caribou trails to
the east of that block in the snow predominantly leading northeast to the main Beverly
calving ground, and the Beverly collared cows continued to move north and east in the first
and second weeks of June (M. Campbell, pers. comm.). The East Visual stratum contributed
6.3% of the estimated breeding females and 10.1% of the estimated adult females in the
survey area; the photo stratum, as in previous Bathurst surveys, accounted for the vast
majority of the female caribou. Overall, we believe that the June 2018 Bathurst estimates of
breeding females, adult females and herd size are representative of the herd and that

sightability and distribution issues had little influence on the survey outcome.

Movement to Adjacent Calving Grounds and Ranges
Figures 12-16 earlier in this report documented movements of collared Bathurst caribou in

the vicinity of Bathurst Inlet in the spring of 2017 and particularly in the spring of 2018, as

these collar movements affected the design of the survey and interpretation of the results.

In this section, collar fidelity is further assessed for 2018 with a comparison to previous
years and neighbouring herds. Figure 39 displays movement in the mean location of calving

for collared females that were monitored for successive years, for the Bathurst herd and its
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neighbours; annual fidelity is shown for 2009-2018. The head of the arrow is the mean
location for the current year and the tail is the location for the previous year. In general,
collared female caribou have shown reasonable fidelity to the Bathurst calving ground until
2018, when three collared caribou moved to the Beverly calving ground in the Queen Maud
Gulf coastal calving area. Those three collared cows were monitored through the summer of
2018. One died in July and the other two continued to move with collared female Beverly

caribou; i.e. there was no apparent return to the Bathurst herd.
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Figure 39: Yearly fidelity and movements to calving grounds in the Bluenose East (blue),
Bathurst (red), and Beverly (green) herds 2009-2018. The head of the arrow indicates the
current calving ground in the given year and the tail indicates the mean location from the
previous year calving ground.
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Frequencies of movement events between calving grounds for the Bathurst herd and
neighbouring herds were assessed for collared female caribou monitored for consecutive
years (Figure 40). A pair of consecutive June locations for a collared female was a single event
or data point. Overall, the rates of switching were low 2010-2015 with 254 returns to the
same calving ground and five switches for the three herds, indicating an overall 98% fidelity.
Over the period 2016-2018, there were 174 returns to the same calving ground and three
switches for the three herds, indicating again an overall fidelity of 98%. The low rate of
switching of collared cows is consistent with previous estimates of about 3% switching and
97% fidelity in the Bathurst herd (Adamczewski et al. 2009) and similar fidelity in the Cape
Bathurst, Bluenose-West and Bluenose-East herds (Davison et al. 2014). However, the only
three switches between 2016 and 2018 were the three of 11 Bathurst collared females
(27%) in June 2018. Movements of collared Bathurst bulls in spring 2018 (Figure 16) also
suggested an unexpected degree of movement into the inland areas adjacent to the Queen
Maud Gulf after collared males and females from the two herds were strongly mixed all

winter (Figure 14).
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Figure 40: Frequencies of collared caribou movement events for the Bathurst and
neighbouring Bluenose-East and Beverly herds 2010-2015 and 2016-2018 based on
consecutive June locations. The curved arrows above the boxes indicated the number of
times a caribou returned to the same calving ground in successive years. The straight arrows
indicate movement of caribou to other calving grounds.

Demographic Change: Adult Survival, Calf Productivity and Calf Survival
Comparison of the 2015 and 2018 Bathurst June survey results shows declines by more than

half in estimates of breeding females (55.0%), adult females (61.0%) and overall herd size
(58.5%). Part of this decline is due to a proportion (approximately 27% based on three of 11
collared cows) of Bathurst cows calving on the Beverly/Queen Maud Gulf calving ground as
discussed earlier (Figure 38). Demographic analysis described earlier indicates this decline
is in part attributed to adult cow survival rates (estimated for 2017-2018 at 0.82) that have
improved since 2015 (Figure 35) but continue to be below levels associated with stable
populations (0.84 to 0.90). Calf survival has also been low overall in the past ten years
(Figure 34). Overall calf productivity (the product of fecundity and one-year calf survival) in
the 2011-2018 period (mean productivity of 0.25) was well below the levels observed prior
to 1997 (mean productivity=0.46) and is well below levels associated with stable

populations (Figure 34). Both productivity and cow survival would need to increase
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substantially to reach levels associated with a stable population. We note that demographic
model estimates from a model that used the 2018 data point will be influenced by the
emigration event in 2018. The three-year average survival rate was 0.84 (CI=0.78-0.89) with
the 2018 adult female estimate excluded compared to 0.81 (CI=0.75-0.87) when the 2018
adult female estimate was included. Therefore, survival estimates are still on the lower level
needed for herd recovery given current levels of productivity, regardless of model scenario

considered.

Incidental Sightings of Other Wildlife
Sightings of other wildlife during the June 2018 calving ground surveys are listed in Table

19. Observations for both the Bathurst and the Bluenose-East surveys are included for
convenience. Of particular interest are the sightings of wolves and grizzly bears as key
predators of young caribou calves. There were 29 grizzly bear sightings and five wolf
sightings on the Bathurst calving ground, and 44 grizzly bear sightings and eight wolf
sightings on the Bluenose-East calving ground. In general this is consistent with previous
calving ground surveys of these two herds, which have shown substantially more bears than

wolves.

Table 19: Incidental sightings of other wildlife during June 2018 calving ground surveys
from reconnaissance flying, visual blocks, and composition surveys. Note that some areas
were flown more than once, thus some individuals may have been sighted more than once.

Species Bathurst calving Bluenose-East calving
ground ground
Red fox 1 2
Arctic Fox 2 1
Eagles 4 2
Grizzly bears 29 44
Moose 4 4
Muskox 233 411
Wolverine 0 0
Wolves 5 8
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DISCUSSION

Results from the Bathurst 2018 calving photo survey documented significant declines by
more than half in estimates of breeding females (55.0%), adult females (61.0%) and overall
herd size (58.5%) since 2015. The reduction in herd size indicates an annual rate of decline
of 25.5% 2015-2018. The overall decline from peak numbers in 1986 of 470,000 is on the
order of 98%. We suggest that the most recent decline cannot be attributed to poor survey
methods or sampling. The caribou on the visual strata may have been under-estimated
somewhat due to the patchy snow conditions and relatively low sightability, but 96.9% of
the estimated breeding females and 84.2% of the estimated adult females for the overall
survey area were estimated within the photo stratum, similar to the 2015 survey. Extra time
spent searching photos and the double observer check suggested that a very high proportion

of the caribou were found on the aerial photos.

An analysis of the herd’s demography suggests that low calf survival rates and improved, but
still low adult female survival rates both contributed to the continuing decline of the
Bathurst herd. In 2018, fecundity of the Bathurst herd was relatively good, with 70.4%
breeding females on the calving ground. However, by October 2018 the estimated calf:cow
ratio of 21 calves: 100 cows (D. Cluff, unpublished data) indicated that calf survival through

the first four to five months was poor and well below levels needed for a stable population.

An evaluation of spatial patterns of mortality in collared Bathurst cows resulted in two maps,
one for 1996-2009 and one for 2010-2016 (Figure 41; Boulanger and Adamczewski 2017).
Mortality risk for 1996-2009 was relatively dispersed, with some mortality on the winter
range and some on the summer range. Some of the winter mortality in the winter may reflect
hunter harvest, which over that period was not restricted. Mortality risk was lowest during
calving 1996-2009. The overall geographic range of the Bathurst herd in the later period
2010-2016 was reduced, reflecting the herd’s much reduced numbers. As in the earlier
period, mortality risk was lowest during calving 2010-2016. This appears to support the

longstanding view that caribou cows migrate to remote tundra calving grounds primarily to
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reduce predation risk (Bathurst herd: Heard et al. 1996; Porcupine herd: Griffith et al. 2002,
Russell and McNeill 2005). In the later period, mortality risk was highest on the summer
range. While this analysis did not include an assessment of the causes of mortality in collared
caribou, the summer mortality of collared female caribou and the poor summer calf survival
may point to predation on the summer range as contributing significantly to mortality of
calves and adults. Summer mortality has decreased in the Bathurst herd from 2015 to 2017
resulting in an increased rate of cow survival (Figures 30, 31, and 35), however overall cow
survival rates are still lower than needed for herd recovery, given current levels of

productivity.
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Figure 41: Relative likelihood of mortality in collared Bathurst female caribou shown as a
“heat map” for 1996-2009 (left) and 2010-2016 (right). Darker colours (orange and red)
indicate areas with an above-average probability of mortality, and lighter areas (yellow)
indicate areas with a below-average probability of mortality. If mortalities were in
proportion to live locations of collared caribou, all of the range would have the same colour.
From Boulanger and Adamczewski (2017).

In 2018 some Bathurst collared cows were initially east of Bathurst Inlet and moved west
across the Inlet at the time of the survey, but three of 11 (27%) Bathurst cows continued
moving east into the Queen Maud Gulf coastal calving area with collared Beverly cows and

remained there during the calving period. This is a limited sample and it is difficult to
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quantify the percentage of the herd that moved east with the three collared cows;
assessment of collars and analyses through the demographic model suggest that roughly
30% of the herd’s cows may have emigrated in 2018. Spring-time movements of collared
Bathurst bulls (Figure 16) suggest that some of them also moved east into the Queen Maud
Gulf area, south of the coastal calving grounds. These movements may in part reflect strong
mixing of the Bathurst and Beverly herds in the winter of 2017-2018, as also happened in
the winter of 2016-2017. There is a large disparity in size of the two herds. With the Bathurst
estimate of 8,207 caribou (this survey) and the 2018 Beverly estimate of just over 100,000
(Campbell et al. 2019), the Beverly herd outnumbered the Bathurst by about 12:1. Caribou
are gregarious animals and movement of collared Bathurst cows towards the calving
grounds in the Queen Maud Gulf may indicate that they were drawn along by the northeast
movement of the larger herd after sharing wintering ranges from November-December to

April-May.

As described by Gunn et al. (2012), gregariousness of female caribou during calving is a
strategy for reducing predation risk and is a principal reason for high densities of breeding
females on a calving ground. For the Porcupine herd, Griffith et al. (2002) demonstrated that
newborn calves on the interior of large calving aggregations on the calving ground had
higher survival rates than calves on the periphery of these aggregations. However, as a
population of migratory barren-ground caribou declines below a small threshold size, spatial
fidelity to a calving area may start to break down, resulting in a partial or complete shift in
use of a calving area. Heavy overlap on the winter range with a larger herd, as in the Bathurst
herd’s recent substantial overlap in recent winters with the much larger herd calving in the
Queen Maud Gulf coastal lowlands, may also act as a factor predisposing a smaller declining

herd to joining a much larger herd.

The observed switching of three of 11 known Bathurst collared cows to the Queen Maud Gulf
lowland calving ground during the 2018 calving season presents at least two possibilities.
The first is that the switching observed for three Bathurst cows in June 2018 was an isolated
occurrence and spatial fidelity to the Bathurst calving ground, which has generally been 97-

98% based on collared cows, is maintained. The second is that observed rates of switching
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by known Bathurst cows to the Queen Maud Gulf lowland calving ground in 2018 will
continue and possibly increase in subsequent calving periods, especially if the Bathurst herd
continues to decline. In June 2019, three of 17 (17.6%) collared cows that were on the
Bathurst calving ground in June 2018 moved well east of Bathurst Inlet with Beverly collared
females, suggesting that some eastward emigration of Bathurst cows had continued
(Adamczewski et al. 2019). There was evidence from 2006-2009 of several collared caribou
females using the inland Beverly calving ground, then switching to the coastal Queen Maud
Gulf calving ground in a following year (Adamczewski et al. 2015). The management
implication of continued or increased calving ground switching by Bathurst cows is that a
combination of numerical decline and emigration may further reduce the likelihood of

recovery for the Bathurst herd.

Harvest of the Bathurst herd has been closed in the NWT since early 2015 (see WRRB 2016),
with a Mobile Core Bathurst Caribou Conservation Area (MCBCCA) applied as a no-harvest
zone. The MCBCCA (i.e. mobile zone) was developed as a minimum convex polygon around
Bathurst collared caribou locations (males and females) with a spatial buffer ranging from
20-60 km, depending on the degree of overlap with adjacent herds and recommendations
from a technical committee. Limited numbers of Bathurst collars in some winters may mean
that the herd’s distribution was not fully defined, potentially leading to a limited harvest of
Bathurst caribou outside the mobile zone. However, the heavy mixing of Bathurst and
Beverly collars in recent winters and the 12:1 ratio of Beverly:Bathurst caribou, in addition
to the Beverly collars generally found south and east of the mobile zone, would mean that
the harvest in areas bordering on the mobile zone was predominantly comprised of Beverly

caribou.

Results of the Bayesian state space model analysis of the Bathurst herd confirm earlier
results (Créte et al. 1996 and Boulanger et al. 2011) and suggest that cow survival levels of
0.84-0.92 are needed for stability, given the recent range of calf productivity levels observed
for this herd. Low natural survival rates may reflect significant predation by wolves and
bears (Haskell and Ballard 2007), and the spatial concentration of collared cow mortalities

2010-2016 (Figure 41) suggests that summer was the time of greatest predation risk.
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Summer mortality as estimated by collared caribou has decreased in recent years (Figure

30).

Overall calf productivity in the 2011-2018 period (mean productivity of 0.25) was well
below the levels observed prior to 1997 (mean productivity=0.46) and far below levels
needed for a stable herd. Cyclical patterns in abundance of migratory caribou herds may also
reflect the influence of large-scale weather patterns on vegetation and range conditions (Joly
et al. 2011); declines of multiple NWT caribou herds from 2000 to 2006-2008 in part
reflected late calving and sustained low calf recruitment (Adamczewski et al. 2009,

Adamczewski et al. 2015).

Boulanger and Adamczewski (2017) suggested that high summer drought and warble fly
indices on the Bathurst and BNE ranges may in part have contributed to poor female
condition and low pregnancy rates in some years. For example, very high drought and warble
fly indices for both herds in 2014 were followed by low percentages of breeding females in
both herds in June 2015 (Boulanger et al. 2016, 2017). These results are further supported
by the Bayesian IPM analysis that found correlations between warble fly indices and calf
survival, and June temperature and cow survival based upon estimates between 2008 and

2016.

A concurrent calving ground survey of the Beverly herd (Campbell et al 2019) estimated
84,705 (CI=73,636-88,452) adult females and a total herd size of 103,372 (CI=93,684-
114,061) in the survey area as defined by the caribou calving in the coastal lowland Queen
Maud Gulf area and the Adelaide Peninsula. Comparison with abundance of caribou
estimated in 2011 in the Queen Maud Gulf coastal calving area and re-analyzed to include
the Adelaide Peninsula indicates that this herd has declined from an estimated 136,608 at
that time. The comparison suggests an annual rate of decline of 4-5% from 2011 to 2018. If
our evaluations of the proportion of Bathurst caribou that emigrated to the Queen Maud Gulf
coastal calving area (about 30%) are correct and a similar proportion of bulls emigrated in
2018, then approximately 3,000 Bathurst caribou may have added to the estimate for the

Beverly herd calving in the Queen Maud Gulf, a number that would have had a very limited
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effect on the GN Beverly herd estimate for 2018 and was well within the confidence limits of

the estimate.

Monitoring Recommendations

As a result of the significant declines in the Bluenose-East (Boulanger et al. 2019) and

Bathurst (this report) herds documented by 2018 calving photo surveys, the Thcho

Government and GNWT ENR submitted joint management proposals for each herd to the

Wek’eezhii Renewable Resources Board (WRRB) in January 2019. While the WRRB has yet

to determine what management actions and monitoring it will recommend, we include here

the revised and increased monitoring and research included in the two proposals.

1.

2.

3.

Calving photo surveys every two years, an increase in survey frequency from the
three-year interval that has been used since about 2006. Population estimates from
these surveys are key benchmarks for management decisions.

Annual composition surveys in June, October and late winter (March/April) to
monitor initial calf productivity, survival through the first four to five months, and
survival to nine to ten months in late winter. Results in 2018 suggested that initial
fecundity was moderately high for the Bathurst herd (70% breeding females) but by
late October the calf:cow ratio had dropped to 21 calves:100 cows, far below
recruitment and productivity needed for a stable population. Annual fall surveys will
also allow monitoring of the bull:cow ratio.

An increase in numbers of collars on the Bathurst and Bluenose-East herds from 50
(30 cows, 20 bulls) to 70 (50 cows, 20 bulls). This will improve estimation of annual
cow survival rates and improve monitoring of herd distribution and harvest
management, along with many other uses for collar information. Assessment of collar
fate is essential to obtain unbiased survival estimates.

Suspension of reconnaissance surveys on the calving grounds. Although
reconnaissance surveys on the calving grounds in years between photo surveys
generally tracked abundance of cows on the calving grounds, the variance on these
surveys has been high. In particular, results of the June 2017 reconnaissance survey
on the Bluenose-East calving ground suggested that the herd’s decline had ended and

the herd had increased substantially, while the 2018 photo survey showed that in

81



reality the herd’s steep decline had continued. As noted above, however, annual
composition surveys on the calving grounds of the two herds are planned, and were
carried out in June 2019 (Adamczewski et al. 2019).

Increased support for studies of predator abundance and predation rates, as well as
studies of factors affecting range condition, caribou productivity and health.
Increased support for on-the-land traditional monitoring programs like the Thcho
Boots-on-the-Ground program (Jacobsen and Santomauro 2017) that provide

insights into caribou health and the influence of weather and other factors on caribou.
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Appendix 1: Double observer methods and results for visual survey strata

Methods and results described in this appendix include data from the Bathurst and
Bluenose-East surveys in June 2018. One Cessna Caravan crew was based at the Ekati Mine
and flew all of the Bathurst reconnaissance survey and most of the Bathurst two visual
blocks. One Cessna Caravan based at Kugluktuk flew only on the Bluenose-East
reconnaissance and two visual blocks, and the other Caravan based at Kugkuktuk flew
primarily on the Bluenose-East survey but also flew part of the Bathurst visual survey. Snow
conditions were generally similar across the two survey areas. Given the overlap in survey
flying and the similar sightability conditions on both surveys, double observer data were

combined in the analyses and results described in this appendix.

Visual surveys were conducted in two low density strata in June 2018 on the Bathurst survey,
one west of Bathurst Inlet and one east of it. There were also two visual blocks in the
Bluenose-East survey in June 2018, one north of the two photo blocks and one south of them.
Each of the Caravans had two observers and a recorder on each side of the aircraft. The
numbers of caribou sighted by observers were entered into the Trimble YUMA 2 tablet

computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during
visual surveys. The double observer method involves one primary observer who sits in the
front seat of the plane and a secondary observer who sits behind the primary observer on

the same side of the plane (Figure 1). The method followed five basic steps:

1 - The primary observer called out all groups of caribou (number of caribou and location)
he/she saw within the 400 m wide strip transect before they passed about halfway between
the primary and secondary observer. This 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.
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2 - The secondary observer called out whether he/she saw the caribou that the first observer
saw and observations of any additional caribou groups. The secondary observer waited to
call out caribou until the group observed passed about 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 were calling

out the same groups or different groups and to ensure accurate counts of larger groups.

4 - The datarecorder categorized and recorded counts of caribou groups into primary (front)

observer only, secondary (rear) observer only, or both, entered as separate records.

5 - The observers switched places approximately half way through each survey day (i.e. on a
break between early and later flights) to monitor observer ability. The recorder noted the

names of the primary and secondary observers.
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Figure 1: Observer and recorder positions for double observer methods on June 2018
caribou survey of Bathurst caribou. The secondary observer confirmed or called caribou not
seen by the primary observer after the caribou have passed the main field of vision of the
primary observer. Time on a clock can be used to reference relative locations of caribou
groups (e.g. “caribou group at 1 o’clock”). The recorder was seated behind the two observers
on the left side, with the pilot in the front seat. On the right side the recorder was seated at
the front of the aircraft and was also responsible for navigating in partnership with the pilot.

The statistical sample unit for the survey was groups of caribou, not individual caribou.
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. If
sightings of individuals were influenced by other individuals then the caribou were

considered a group and the total count of individuals within the group was used for analyses.

The results were used to estimate the proportions of caribou that were likely missed, and
numbers of caribou estimated on the two visual survey blocks east and west of Bathurst Inlet

were corrected accordingly.

The Huggins closed mark-recapture model (Huggins 1991) in program MARK (White and

Burnham 1999) was used to estimate and model sighting probabilities. In this context,
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double observer sampling can be considered a two sample mark-recapture trial in which
some caribou are seen (“marked”) by the (“session 1”) primary observer, and some of these
are also seen by the second observer (“session 2”). The second observer may also see caribou
that the first observer did not see. This process is analogous to mark-recapture except that
caribou are sighted and re-sighted rather than marked and recaptured. In the context of
dependent observer methods, the sighting probability of the second observer was not
independent of the primary observer. To accommodate this removal, models were used
which estimated p (the initial probability of sighting by the primary and secondary observer)
and c (the probability of sighting by the second observer given that it had been already
sighted by the primary observer). The removal model assumed that the initial sighting
probability of the primary and secondary observers was equal. Observers were switched
midway in each survey day (on most days there were two flights with a re-fueling stop
between them), and covariates were used to account for any differences that were caused by

unequal sighting probabilities of primary and secondary observers.

One assumption of the double observer method is that each caribou group seen has an equal
probability of being sighted. To account for differences in sightability we also considered the
following covariates in the MARK Huggins analysis (Table 1). Each observer pair was
assigned a binary individual covariate and models were introduced that tested whether each
pair had a unique sighting probability. An observer order covariate was modeled to account
for variation caused by observers switching order. If sighting probabilities were equal
between the two observers, it would be expected that order of observers would not matter
and therefore the confidence limits for this covariate would overlap 0. This covariate was
modeled using an incremental process in which all observer pairs were tested followed by a
reduced model where only the beta parameters whose confidence limits did not overlap 0,

were retained.

Table 1: Covariates used to model variation in sightability for double observer analysis for
Bathurst caribou survey in June 2018.
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Covariate Acronym Description

observer pair obspair each unique observer pair

observer order obsorder order of pair

group size size size of caribou group observed
Herd/calving Herd (h) Calving ground/herd being surveyed.
ground

SNOW cover snow snow cover (0, 25, 75, 100)

cloud cover cloud cloud cover (0, 25, 75, 100)

Cloud cover*snow Cloud*snow Interaction of cloud and snow cover
cover

Data from both the Bluenose-East and Bathurst herd calving grounds surveys were used in
the double observer analysis given that most planes flew the visual surveys for both calving
grounds. It was possible that different terrain and weather patterns on each calving ground
might affect sightability and therefore herd/calving ground was used as a covariate in the
double observer analysis. Estimates of total caribou that accounted for any caribou missed

by observers were produced for each survey stratum.

The fit of models was evaluated using the AIC index of model fit. The model with the lowest
AICc score was considered the most parsimonious, thus minimizing estimate bias and
optimizing precision (Burnham and Anderson 1998). The difference in AICc values between
the most supported model and other models (AAIC:) was also used to evaluate the fit of
models when their AICc scores were close. In general, any model with a AAICc score of <2 was

worthy of consideration.

Estimates of herd size and associated variance were estimated using the mark-recapture
distance sampling (MRDS) package (Laake et al. 2012) in program R program
(R_Development_Core_Team 2009). In MRDS, a full independence removal estimator which
models sightability using only double observer information (Laake et al. 2008a, Laake et al.
2008b) was used. This made it possible to derive double observer strip transect estimates.
Strata-specific variance estimates were calculated using the formulas of (Innes et al. 2002).
Estimates from MRDS were cross checked with strip transect estimates (that assume

sightability=1) using the formulas of Jolly (1969)(Krebs 1998). Data were explored
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graphically using the ggplot2 (Wickham 2009) R package and QGIS software
(QGIS_Foundation 2015).

Double observer analysis
Data from both the reconnaissance and visual surveys were used in the double observer

analysis, however, only the visual survey data was used to derive estimates of abundance for
survey strata. Observers were grouped into pairs which were used for modeling the effect of
observer on sightability. A full listing of observer pairs is given in Table 2. Frequencies of
observations as a function of group size, survey, and phase suggested that approximately half
of the single caribou were seen by both observers in most cases (Figure 2). In previous years
approximately 70-80% of single caribou were seen by both observers. As group size
increased the proportion of observations seen by both observers increased. This general
pattern suggests low sightability compared to previous surveys, which generally had much

less snow cover.
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Table 2: Double observer pairings with associated summary statistics.

Observer information Frequencies Probabilities
notes "
: £ 3
T o © = _ 2 o S
= o Q < ° © < S ® O w
£ 85 s £ 8 f5 % 3
(%] -8 A a
1 1 did not switch 5 6 14 25 0.80 0.96
2 2 6 3 16 25 0.76 0.94
3 2 0 0 1 1 1.00 1.00
4 3 1 4 11 16 094 1.00
5 3 6 10 16 32 081 0.96
6 4 didnotswitch 1 8 17 36 0.69 091
1
7 5 didnotswitch 1 17 48 79 0.82 0.97
4
8 6 1 19 46 83 0.78 0.95
8
9 6 1 20 38 75 0.77 0.95
7
10 7 1 4 23 43 0.63 0.86
6
11 5 19 0.74 0.93
12 0 5 1.00 1.00
13 2 20 43 053 0.78
0
14 9 5 1 7 13 0.62 0.85
15 9 2 18 42 80 0.75 0.94
0
16 9 pooled with9 1 0 0 1 0.00 0.00
17 10 1 3 16 33 0.8 0.82
4
18 10 1 3 0 4 0.75 0.94
19 11 did not switch 1 9 41 60 0.83 0.97
0
20 12 0 0 1.00 1.00
21 12 pooled with 0 0 1.00 1.00
12
22 12 9 1 20 30 0.70 0.91
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Figure 2: Frequencies of double observer observations by group size, survey phase and
survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each observation is
categorized by whether it was observed by the primary (brown), secondary (beige), or both
(green) observers.

Snow and cloud cover also influenced sightability, however, the pattern depended on survey
phase and herd surveyed (Figure 3). The most noteworthy trends occurred for higher snow
cover (75%) for the Bathurst and higher cloud cover. Snow cover was evident in all surveys
with few observations of 0 snow cover and most within the 25-75% range. This range
corresponds to the “salt and pepper” patchy snow cover where sightability is lower. The lack
of “effect size” of snow cover (i.e minimal 0 and 100% snow cover observations) potentially
made it problematic to model the effect of increasing snow cover on observations. Instead,

sightability was lower (as modeled by an intercept term) due to the poor survey conditions.
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Figure 3: Frequencies of double observer observations by snow cover, cloud cover, survey
phase and survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each
observation was categorized by whether it was observed by the primary, secondary, or both
observers.

Snow cover was modeled as a continuous (snow) or categorical covariate (snow25, snow50,
snow75) based on the categorical entries in the tablets. Model selection identified a strong
effect of the log of group size, observers, snow cover and the interaction of snow and cloud
cover (Table 3). An additional effect of snow cover at 75% for the Bathurst herd was evident.
Observer pairs were reduced to the pairs to those that showed substantial differences from

the mean level of sightability in the survey.
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Table 3: Double observer model selection using Huggins mark-recapture models in program
MARK for Bluenose-East and Bathurst June 2018 caribou surveys. Covariates follow Table 1
in the methods section of the report. Reduced observer pairs are denoted as reda and reds.
AIC,, the difference in AICc values between the ith and most supported model 1 (AAIC.),
Akaike weights (wi), and number of parameters (K), and deviance (Dev) are presented.

No Model AlCc AAIC, wi K Dev
1 log(group 764.99 0.00 0.33 8 748.9
size)+obs(reds)+order+herd*snow75+cloud+snow*clo
ud
2 log(group 767.02 2.03 0.12 9 748.9
size)+obs(redg)+order+herd*snow75+cloud+snow*clo
ud
3 log(group 768.15 3.16 0.07 8 752.1
size)+obs(reds)+order+snow75+cloud+snow*cloud
4 log(group 768.32 3.33 0.07 10 748.2
size)+obs(redg)torder+herd*snow75+cloud+snow+sn
ow*cloud
log(group size)+obs(redp)+order+herd*snow75+cloud 768.63 3.63 0.06 8 752.5
log(group size)+obs(reds)+order+snow+cloud 770.75 5.75 0.02 9 752.6
+snow*cloud
7 log(group 772.54 7.55 0.01 8 756.4
size)+obs(redg)torder+snow25+log(group)*snow25
log(group size)+obs(redp)+order+snow(categorical) 773.52 8.52 0.00 10 753.4
log(group 774.15 9.15 0.00 11 752.0
size)+obs(redg)+order+snow+snow?+cloud-+cloud’+sn
ow*cloud
10 log(group size) 781.88 16.89 0.00 2 777.9
11 log(group size)+snow +cloud 782.04 17.05 0.00 4 774.0
12 group size 783.22 18.22 0.00 2 779.2
13 log(group size)+snow25+cloud0 784.31 19.31 0.00 4 776.3
14 log(group size)+snow25+sno50+snow75+snow100 784.84 19.95 0.00 6 772.8
15  log(group size)+obs(all)) 785.96 20.97 0.00 13 759.7
16  constant 802.05 37.06 0.00 1 800.0

Plots of single and double observation probabilities show lower probabilities for individual
or smaller group sizes especially in moderate snow cover and higher cloud cover, for
Bluenose-East and Bathurst June 2018 caribou surveys (Figure 4). The mean detection
probability (across all groups) was 0.66 (CI=0.60-0.72). This compares to a mean probability
of 0.91 (CI=0.88-0.92) for the 2015 Bluenose and Bathurst surveys.

101



Reconnaissance Visual
1.00 1
oo® © [ 1} ...”
[ ] .... o .. ® ‘
0.75 .80 ° 4
@
) o] Cloud
> e 2 100
% 0.50 A ° 5
g 28 75
<) o 50
Q. 0.251
c
S 25
§ 0
% 1.00 4
o} 20t g.g0 o e Snow
Z ée ® ® o°® 0
Q & ®_0% g .°
2 075] OF83eQ° S .
§ o751 Fhtete . .
Lo} ! ...' oe [ X ] ® 50
=) '530. § c
& 0501 . 3| ®"
0. o 2 ® 100
o
0251 §°® s
°
0 5 10 15 20 25 0 5 10 15 20 25

Group size

Figure 4: Estimated single observer probabilities from model 1 (Table 3) by snow cover,
cloud cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou
surveys. Each observation is categorized by whether it was observed by the primary,
secondary, or both observers.

Double observer probabilities (the probability that at least one of the observers saw the
caribou) were higher but still relatively low for single caribou especially for cases of higher

cloud cover and snow cover (and for some observer pairs) (Figure 5).
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Figure 5: Estimated double observer probabilities from model 1 (Table 3) by snow cover,
cloud cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou
surveys. Each observation is categorized by whether it was observed by the primary,
secondary, or both observers.

Estimates of total caribou in visual strata

Double observer estimates (using the MRDS R package) were about 5% higher than non

double observer estimates. Precision was lower than uncorrected count-based estimates but

still acceptable (Table 4).
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Table 4: Standard strip transect and double observer model estimates of caribou on

Bathurst visual strata in 2018 from the MRDS package in R.

Strata Caribou Standard estimate Double observer estimate

counted Estimate SE CvV Estimate SE Confidence interval CvV
West 88 S 1321 240% 567 14050 332 970  24.8%
East 220 1,244 2867 23.0% 1309 33270 773 2216 25.4%
Total 369 1,795 151.7 17.6% 1,877 360.9 1,265 2,783 19.2%
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Appendix 2: Bathurst collared female caribou histories 2016-2018

This figure presents the collar histories for each cow caribou from 2016 to 2018. Each black
point represents a monthly fix of a live caribou. Color larger dots represent presence on
delineated calving grounds. Fates of caribou are delineated by a square if the collar released

with the caribou being alive whereas stars denote mortalities.
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Appendix 3: Bayesian State space population model details

This appendix details the development of the Bayesian IPM state space model. The primary
state space model R coding was developed by Joe Thorley (Poisson Consulting,
poissonconsulting.ca) in collaboration with John Boulanger (Thorley and Boulanger 2019).
The demographic model used was similar to the previous OLS model used in previous
analyses. The primary development was to evolve model fitting to a more robust Bayesian
state space approach. The objective of this appendix is to provide a brief description of the
model used in the analysis rather than a complete description of the Bayesian model
approach. Readers interested in the Bayesian modeling approach should consult Kery and

Schaub (2011) which is an excellent introduction to Bayesian analysis.

Data Preparation

The estimates of key population statistics with SEs and lower and upper bounds were
provided in the form of an csv spreadsheet and prepared for analysis using R version 3.5.2

(R Core Team 2018).

Statistical Analysis

Model parameters were estimated using Bayesian methods. The Bayesian estimates were
produced using JAGS (Plummer 2015). For additional information on Bayesian estimation

the reader is referred to McElreath (2016).

Unless indicated otherwise, the Bayesian analyses used normal and uniform prior
distributions that were vague in the sense that they did not constrain the posteriors (Kery
and Schaub 2011, p. 36). The posterior distributions were estimated from 1500 Markov
Chain Monte Carlo (MCMC) samples thinned from the second halves of three chains (Kery
and Schaub 2011, pp. 38-40). Model convergence was confirmed by ensuring that the split
potential scale reduction factor R < 1.05 (Kery and Schaub 2011, p. 40) and the effective
sample size (Brooks et al. 2011) ESS > 150 for each of the monitored parameters (Kery and

Schaub 2011, p. 61). In addition, trace plots of Markov Chains and the posterior distributions
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were inspected to further check convergence and symmetry of estimated parameter

distributions.

The sensitivity of the estimates to the choice of priors was examined by multiplying the
standard deviations of the normal priors by ten and using the split R (after collapsing the
chains) to compare the posterior distributions (Thorley and Andrusak 2017). An unsplit R <

1.1 was taken to indicate low sensitivity.

The parameters are summarized in terms of the point estimate, standard deviation (sd), the
z-score, lower and upper 95% confidence/credible limits (CLs) and the p-value (Kery and
Schaub 2011, p 37 and 42). The estimate is the median (50th percentile) of the MCMC
samples, the z-score is mean/sd and the 95% CLs are the 2.5th and 97.5th percentiles. A p-

value of 0.05 indicates that the lower or upper 95% CL is 0.

The results are displayed graphically in the main body of the report with 95%
confidence/credible intervals (Cls, Bradford et al. 2005). Data are indicated by points (with
lower and upper bounds indicated by vertical bars) and estimates are indicated by solid lines

(with CIs indicated by dotted lines).

The analyses were implemented using R version 3.5.2 (R Core Team 2018) and the mbr
family of packages.
Model Descriptions

The data were analyzed using state-space population models (Newman et al. 2014).

Population

The fecundity, breeding cow abundance, cow survival, fall bull cow, fall calf cow and spring
calf cow ratio data complete with SEs were analyzed using a stage-based state-space
population model similar to Boulanger et al. (2011). Key assumptions of the female stage-

based state-space population model include:

e Calving occurs on the 11th of June (with a year running from calving to calving)
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e Cow natural survival from calving to the following year varies continually and
randomly by year.

e Bull natural survival from calving to the following year varies randomly by year.

e Cow and bull natural survival is constant throughout the year.

e Harvest of cows and bulls occurs on the 15th of January.

e Yearling survival to the following year is the same as cow natural survival.

e C(Calf survival varies between the summer and winter seasons and randomly by year.

e The calf sex ratio is 1:1.

e The proportion of breeding cows is the fecundity the previous year.

e Fecundity varies randomly by year.

e Female yearlings are indistinguishable from cows in the fall and spring surveys.

e The uncertainty in the number of breeding cows in the initial year is described by a
positively truncated normal distribution with a mean of 200,000 and a standard
deviation of 50,000.

e The number of cows in the initial year is the number of breeding cows in the intial
year divided by the fecundity in a typical year.

e The number of bulls in the initial year is two thirds the number of cows in the initial
year.

e The number of calves in the initial year is the number of breeding cows in the initial
year.

e The number of yearlings in the initial year is the number of calves in the initial year
multiplied the calf survival in a typical year.

e The uncertainty in each data point is normally distributed with a standard deviation

equal to the provided SE.

Model Templates
The base R code used in the analysis is summarized below.
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Population (R-code)

. model {
bSurvivalCow ~ dnorm(0, 2"-2)
bSurvivalBull ~ dnorm(0, 2/-2)
bFecundity ~ dnorm(0, 2”-2)
bSurvivalCalfSummerAnnual ~ dnorm(0, 2/-2)
bSurvivalCalfWinterAnnual ~ dnorm(0, 2-2)

sSurvivalCowAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalBullAnnual ~ dnorm(0, 1*-2) T(0,)
sFecundityAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalCalfAnnual ~ dnorm(0, 1*-2) T(0,)
for(i in 1:nAnnual){
bSurvivalCowAnnual[i] ~ dnorm(0, sSurvivalCowAnnual”*-2)
bSurvivalBullAnnual[i] ~ dnorm(0, sSurvivalBullAnnual”-2)
bFecundityAnnual[i] ~ dnorm(0, sFecundityAnnual”*-2)
bSurvivalCalfAnnual[i] ~ dnorm(0, sSurvivalCalfAnnual”-2)

logit(eSurvivalCow[i]) <- bSurvivalCow + bSurvivalCowAnnual[i]
logit(eSurvivalBull[i]) <- bSurvivalBull + bSurvivalBullAnnual[i]
logit(eFecundity[i]) <- bFecundity + bFecundityAnnual[i]
logit(eSurvivalCalfSummerAnnual[i]) <- bSurvivalCalfSummerAnnual +
bSurvivalCalfAnnual[i]
logit(eSurvivalCalfWinterAnnual[i]) <- bSurvivalCalfWinterAnnual +
bSurvivalCalfAnnual[i]
}
bBreedingCows1 ~ dnorm (200000, 50000”-2) T(0,)
logit(eFecundity1) <- bFecundity
logit(eSurvivalCalfSummerAnnual1l) <- bSurvivalCalfSummerAnnual
logit(eSurvivalCalfWinterAnnual1l) <- bSurvivalCalfWinterAnnual

bCows[1] <- bBreedingCows1 / eFecundity1

bBulls[1]<- bCows[1] *2 / 3

bCalves[1] <- bBreedingCows1

bYearlings[1] <- bCalves[1] * eSurvivalCalfWinterAnnual1”(154/365) *
eSurvivalCalfWinterAnnual1(211/365)

bSpringCalfCow[1] <- bCalves[1] / (bCows|[1] + bYearlings[1] / 2)

bCowHarvestRate[1] <- CowHarvestRate[2]

bBullHarvestRate[1] <- BullHarvestRate[2]

for(i in 1:nAnnual) {
eJuneToFallCor[i] <- FallCalfCowDays[i] / 365

eFallCows[i] <- bCows][i] * eSurvivalCow][i]*eJuneToFallCor([i]
eFallBulls[i] <- bBulls[i] * eSurvivalBull[i]*eJuneToFallCor[i]
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eFallYearlings[i] <- bYearlings][i] * eSurvivalCow][i]*eJuneToFallCor[i]
eFallCalves][i] <- bCalves[i] * eSurvivalCalfSummerAnnual[i]*eJuneToFallCor(i]

bFallBullCow[i] <- (eFallBulls[i] + eFallYearlings[i]/2) / (eFallCows][i] +
eFallYearlings[i] /2)
bFallCalfCow([i] <- eFallCalves[i] / (eFallCows[i] + eFallYearlings[i]/2)

}

for(i in 2:nAnnual) {
eFallToJanCor[i] <- (218 - FallCalfCowDaysJ[i-1])/365
eJanToSpringCor[i] <- (SpringCalfCowDays[i] - 218) / 365
eSpringToJuneCor[i] <- (365 - SpringCalfCowDaysJi]) / 365

eJanCows]Ji] <- eFallCowsJ[i-1] * eSurvivalCow/[i-1]*eFallToJanCor[i]
eJanBulls[i] <- eFallBulls[i-1] * eSurvivalBull[i-1]*eFallToJanCor]i]
eJanYearlings[i] <- eFallYearlings[i-1] * eSurvivalCow[i-1]*eFallToJanCor]i]

bCowHarvestRate[i] <- CowHarvestRate[i]
bBullHarvestRate[i] <- BullHarvestRate[i]

eSpringCowsJi] <- eJanCows][i] * (1 - bCowHarvestRate[i]) * eSurvivalCow[i-
1]*eJanToSpringCor[i]

eSpringBulls[i] <- eJanBulls[i] * (1 - bBullHarvestRate[i]) * eSurvivalBull[i-
1]*eJanToSpringCor[i]

eSpringYearlings[i] <- eJanYearlings[i] * eSurvivalCow[i-1]*eJanToSpringCor([i]

eSpringCalves|[i] <- bCalves[i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*((SpringCalfCowDaysJi] - 154) / 365)

bSpringCalfCow(i] <- eSpringCalves][i] / (eSpringCows][i] + eSpringYearlings[i] /2)

bCowsJi] <- (eSpringCowsJi] + eSpringYearlings[i] / 2) * eSurvivalCow[i-
1]*eSpringToJuneCor(i]

bBulls[i] <- eSpringBulls[i] * eSurvivalBull[i-1]*eSpringToJuneCor([i] +
eSpringYearlings[i] / 2 * eSurvivalCow[i-1]*eSpringToJuneCorl[i]

bYearlings|[i] <- bCalves][i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*(211/365)

bCalves|[i] <- bCowsJi-1] * eSurvivalCow[i-1] * (1 - bCowHarvestRate[i]) * eFecundity[i-1]

}

for(i in SurvivalAnnual) {
CowSurvival[i] ~ dnorm(eSurvivalCow[i] * (1 - bCowHarvestRate[i+1]),
CowSurvivalSE[i]*-2)

}

for(i in CowsAnnual) {
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BreedingProportion[i] ~ dnorm(eFecundity[i-1], BreedingProportionSE[i]*-2)
eBreedingCowsJi] <- bCows|i] * eFecundity[i-1]
BreedingCows[i] ~ dnorm(eBreedingCowsJi], BreedingCowsSE[i]*-2)

}

for(i in FallBCAnnual) {
FallBullCow[i] ~ dnorm(bFallBullCow[i], FallBullCowSE[i]*-2)

}

for(i in FallAnnual) {
FallCalfCow[i] ~ dnorm(bFallCalfCow(i], FallCalfCowSE[i]*-2)

}

for(i in SpringAnnual) {
SpringCalfCow[i] ~ dnorm(bSpringCalfCow][i], SpringCalfCowSE[i]*-2)
}

Parameter estimates
The Bayesian model estimated principal parameters pertaining to the mean estimates of

fecundity, bull survival, calf survival and cow survival. In addition, temporal variation in calf
survival, bull survival, fecundity, and cow survival were estimated as random effects (Table

1).
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Table 1: Bayesian IPM state space model coefficients. Parameters are given on the logit scale
(which are then transformed to the probability scale using a logit transform). Parameter
significance is determined by overlap of confidence limits with 0. The parameters are
summarized in terms of the point estimate, standard deviation (sd), the z-score, lower and
upper 95% CI/CLs and the p-value (Kery and Schaub 2011, p 37 and 42). The estimate is the
median (50th percentile) of the MCMC samples, the z-score is mean/sd and the 95% CLs are
the 2.5th and 97.5th percentiles. A p-value of 0.05 indicates that the lower or upper 95% CL
is 0.

term estimate sd zscore lower upper pvalue

Main effects

bFecundity 1.018 0269 3.837 0524 1.567 0.000
bSurvivalBull 0.785 0.173  4.685  0.531 1.242 0.000
bSurvivalCalfSummerAnnual -0.388 0.323  -1.135 -0.937 0.332 0.258
bSurvivalCalfWinterAnnual 0.072 0272  0.304 -0.450 0.621 0.759
bSurvivalCow 1.650 0.127 13.104 1.441 1.946 0.000
Random effects

sFecundityAnnual 1.042 0.220 4.850 0.708  1.571 0.000
sSurvivalBullAnnual 0.421 0.327 1.447  0.035 1.250 0.000
sSurvivalCalfAnnual 1.081 0.218  5.053 0.752  1.609 0.000
sSurvivalCowAnnual 0.554 0.175 3.274 0291 0969 0.000

Model fit was judged using R-hat value which suggested adequate model convergence. In
addition, the distribution of parameter estimates was inspected to assess model convergence

(Table 2).

Table 2: Model summary. N is the number of parameters, nchains is the number of Markov
Chains used, nthin is the number of Markov Chain samples that were thinned, ess is the
effective sample size, R-hat is the R-hat convergence metric and convergence is the score
based on effective sample size and number of parameters in the model.

n K nchains niters nthin ess R-hat converged
34 10 3 1000 200 1473 1.002 TRUE

Unsplit R-hat values were used to assess if choice of prior distribution influenced the

posterior distribution of parameter estimates (Table 3).
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Table 3: Split R-hat values indicating sensitivity of posterior distributions to the choice of
priors.

term R-hat
bBreedingCows1 1.019
bFecundity 1.023
bSurvivalBull 1.009

bSurvivalCalfSummerAnnual 1.005
bSurvivalCalfWinterAnnual 1.002

bSurvivalCow 1.002
sFecundityAnnual 1.032
sSurvivalBull Annual 1.027
sSurvivalCalfAnnual 1.006
sSurvivalCowAnnual 1.011
bBreedingCows1 1.019

The Bayesian model generated yearly estimates of demographic parameters as well as field
measurements which were used in the fitting of the model. These estimates are detailed in

Table 4. Most of the actual estimates are shown in Figures 9 to 14 of the main report.
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Table 4: Parameter descriptions for estimates generated by the model. Parameter estimates
are shown in Figures 31 to 35 in the main report.

Parameter Description
Annual The year as a factor
bCowsl The number of cows in the initial year
bFecundity The proportion of cows breeding in a typical year
BreedingCows|1] The data point for the number of breeding cows in the i" year
BreedingCowsSE][i] The SE for BreedingCows|[1]
BreedingProportion][i] The data point for the proportion of cows breeding in the i

BreedingProportionSE[1]
bSurvivalBull
bSurvivalCalfAnnual[i]

bSurvivalCalfSummerAnnual
bSurvivalCalfWinterAnnual

year
The SE for BreedingProportionSE[i]
The log-odds bull survival in a typical year

The random effect of the i" Annual on
bSurvivalCalfSummerAnnual and
bSurvivalCalfWinterAnnual

The log-odds summer calf survival if it extended for one year
The log-odds winter calf survival if it extended for one year

bSurvivalCow The log-odds cow (and yearling) survival in a typical year

bSurvivalCowAnnual[i] The random effect of the i Annual on bSurvivalCow

BullHarvestRate][1i] The proportion of bulls harvested in January of the i year

CowHarvestRate[1] The proportion of cows harvested in January of the i year

CowSurvival[i] The data point for cow survival from the i-1" year to the i
year

CowSurvivalSE[i] The SE for CowSurvivalSE[i]

FallBullCowl[i] The data point for the bull cow ratio in the fall of the i year

FallBullCowSE[i] The SE for FallBullCow[i]

FallCalfCowl[i] The data point for the calf cow ratio in the fall of the i year

FallCalfCowSE[i] The SE for FallCalfCow[i]

SpringCalfCow([1i] The data point for the calf cow ratio in the spring of the i
year

SpringCalfCowSE][1] The SE for SpringCalfCow[i]

sSurvivalCalfAnnual The SD of bSurvivalCalfAnnual

sSurvivalCowAnnual The SD of bSurvivalCowAnnual

Figure 1 displays sensitivity of parameter estimates and trends in parameter estimates to

inclusion of the 2018 breeding female estimate. It can be seen that inclusion or exclusion of

this estimate affects both estimates of cows, breeding cows, and bull + cows, but also

estimates of cow survival. In most cases, estimates of survival are lower as well as estimates
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of fecundity/productivity prior to the 2018 survey. In both cases reduction of these

parameter values results in a lower estimate of caribou on the 2018 calving ground.

Adult cows Breeding cows Bull survival
30000 4 : : e
20000 A 0.81 '
20000 ————
10000 061 '
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0.4
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Figure 1: Estimates of principal demographic parameters from the IPM with the 2018
breeding female estimate included and excluded. Confidence limits are given as dashed lines
around model predictions.

The harvest estimates used in the demographic model are given in Table 5.
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Table 5: Harvest estimates and approximate harvest rates used in the demographic model.
Rate is estimated harvest divided by estimate cow or bull abundance each year. Estimates
based on Dogrib Harvest study, Boulanger et al. 2011, and approximate harvest levels

estimated since 2010 (B. Croft, Unpublished).

Year Harvest Harvest rate
estimate

COWS bulls COWS bulls
1985 8380 7484 0.034 0.046
1986 8380 7484 0.036 0.050
1987 8380 7484 0.039 0.061
1988 8380 4606 0.043 0.042
1989 8380 3855 0.042 0.033
1990 8450 8970 0.045 0.086
1991 11626 10073 0.066 0.108
1992 9046 9685 0.051 0.103
1993 13107 7712 0.082 0.099
1994 8380 7484 0.053 0.092
1995 8380 7484 0.058 0.109
1996 8380 7484 0.058 0.103
1997 8380 7484 0.063 0.119
1998 8380 7484 0.068 0.132
1999 8380 7484 0.073 0.134
2000 8380 7484 0.081 0.176
2001 5000 2000 0.055 0.064
2002 5000 2000 0.064 0.071
2003 5000 2000 0.071 0.089
2004 5000 2000 0.086 0.102
2005 5000 2000 0.105 0.117
2006 5000 2000 0.130 0.142
2007 5000 2000 0.160 0.227
2008 5000 2000 0.193 0.289
2009 5000 2000 0.210 0.226
2010 5 70 0.000 0.008
2011 5 70 0.000 0.007
2012 5 70 0.000 0.007
2013 5 70 0.000 0.009
2014 5 70 0.000 0.014
2015 5 70 0.001 0.015
2016 5 70 0.001 0.017
2017 5 70 0.001 0.019
2018 5 70 0.001 0.019
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Appendix 4: Trends in Bathurst Calving Ground Size and Densities 2009-2018

Introduction
This document provides additional information on calving ground size, distribution of

caribou on calving grounds, and core calving ground densities on the Bathurst herd calving
grounds 2009-2018, based on reconnaissance survey and photo survey data. The core area
has also been referred to as the “annual concentrated calving area” by Russel et al 2002.
Information on the Bluenose-East herd’s calving ground size and densities and spatial
distribution of caribou was requested during the WRRB April 2019 Bluenose-East Caribou
Hearing. A summary on the Bluenose-East herd’s patterns 2010-2018 was included as an
appendix in the 2018 survey report (Boulanger et al. 2019). Similar analyses were also
carried out for the Bathurst herd 2009-2018 based on calving ground surveys, and the

results are included here.

This document provides a summary of data from previous surveys as opposed to full
documentation of methods used to define core calving areas. For full descriptions of survey
methods and results, readers should refer to calving photo survey results for the Bathurst
herd in 2009 (Nishi et al. 2010), 2012 (Boulanger et al. 2014), 2015 (Boulanger et al. 2017)

and 2018 (main text of this report).

Methods
Trends in segment densities from reconnaissance surveys flown during calving photo

surveys were initially assessed to infer distribution and aggregation of higher densities of
caribou. Segments that were contained within core calving strata were included in the
analysis. Data were plotted spatially and by segment density class. Core calving area was

defined by the presence of breeding caribou in contiguous segments.

Estimates of density based on photo survey data and core calving ground size (based on the
area of survey strata) were used to estimate numbers of adult and breeding females. One
potential issue with this approach is that the degree of aggregation of adult and breeding
females varies among years, and therefore changes in the core area will be due to both

changes in abundance, aggregation, and survey coverage. For example, in years of high
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aggregation the core area might be surveyed primarily by photo survey methods whereas
photo and visual survey methods would be used when aggregation is lower. Therefore,
defining core areas as those just photo surveyed may not represent the true density and
distribution of breeding females. To explore this issue, we derived a weighted core calving
ground index based on the summation of the product of stratum areas and proportions of
breeding and adult females. For example, if a 100 km? stratum had 20% breeding females,
then the core calving ground index was estimated as 20 kmZ2. Each survey stratum area was
scaled using this approach and summed for the survey year to provide the aggregate core
calving ground index value. Density estimates using this approach will be more robust to
differences in calving ground surveys where layout and types of strata (i.e., photographic
and visual) would vary. For example, this approach avoids the subjective inclusion or
exclusion of survey strata areas for estimation of core areas and uses all the survey strata to
estimate core area. However, the actual core calving ground index will not directly pertain

to a defined geographic area.

Results
Plots of segment densities for the Bathurst herd from calving ground surveys 2009-2018

suggest different levels of aggregation for each survey year, with the highest levels in 2012
(Figure 1). The core area in 2018 was reduced to only low and medium density segments
with no high density segments. The annual concentrated calving area for the Bathurst herd
in 2018 was to the west of Bathurst Inlet. Segments near Bathurst Inlet, which contained
intermittent pockets of females, are shown for reference purposes. This pattern of low
densities on either side of Bathurst Inlet included some collared caribou cows, and was not
observed in previous years. Estimation of the core area based on the survey strata detailed

in the next section provides further inference on the core area in 2018.
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Figure 1: Maps of segment densities from reconnaissance surveys of the Bathurst caribou
herd from calving ground surveys 2009-2018. Low density = <1 caribou/km?2, medium
density = 1-9.9 caribou/km?, and high density = at least 10 caribou/km?.

Plots of segment densities also illustrate the higher level of aggregation in 2012 with fewer

lower and medium density segments in comparison to high density segments (Figure 2).
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Figure 2: Segment densities in annual concentrated calving areas for the Bathurst caribou
herd 2009-2018. Low density = <1 caribou/km?2, medium density = 1-9.9 caribou/km?, and
high density = at least 10 caribou/km?2.

Median segment densities were below 5 caribou per km? for all years except 2012 (Figure

3).
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Figure 3: Boxplot of segment densities on calving ground surveys for the Bathurst herd
2009-2018.

A comparison of core areas further demonstrates the higher level of aggregation in 2012

with a smaller core area compared to other years (Figure 4).
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Figure 4: Area of core survey strata, area weighted by proportion of breeding females, and
area weighted by proportion of adult females in survey strata by year for the Bathurst herd
2009-2018.

During this time, estimates of abundance of adult and breeding females stabilized from 2009-

2012 followed by a decline from 2012-2018 (Figure 5).
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Figure 5: Estimates of abundance of adult and breeding females on core calving areas 2009-
2018 for the Bathurst herd.

Density was estimated by dividing abundance (Figure 5) by core area (Figure 4). Plots of core
densities suggest an increase from 2009-2012 followed by a decrease from 2012-2018
(Figure 5). The increase in density in 2012 was partially due to a decrease in core area of the
calving ground rather than a substantive increase in overall abundance (Figure 6). Trends in

density estimates using the core and weighted methods were reasonably similar.
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Figure 6: Densities (number/km?) of adult females and breeding females in survey strata
using total area (Strata area) and corresponding breeding female or adult female areas, for
Bathurst calving ground 2009-2018. The size of symbols is proportional to the calving
ground area used for density estimates.

Discussion
This report is based on Bathurst caribou calving photo surveys (2009-2018) and provides a

summary of trends in caribou distribution, core calving ground area, and caribou densities
in core calving ground areas. Defining the core calving area is challenging due to differences
in levels of aggregation of caribou during each survey year. We describe a weighted method
used to describe trends based on a calving ground core area index, which attempts to
confront this issue by weighting the contribution of survey stratum to the overall estimate
of core area by the proportion of adult and breeding females estimated in the given strata.
The resulting core area index values are best used to infer trends rather than define an

absolute area.

In general, aggregation of the Bathurst herd increased in 2012, as indicated by a reduced
core calving ground area with increasing density, followed by a decline in density from 2012-

2018 (Figure 6).
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Alternative methods such as use of collared caribou locations could be used to further infer
core areas. This type of analysis could be useful for the 2018 survey year when the core area

was mainly defined in a single small area. This type of analysis is beyond the scope of this

report but could be pursued in the future.

LITERATURE CITED - see main text
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Kugluktuk Angoniatit Association e Hunters’ & Trappers’ Organization
PO Box 309, Kugluktuk NU XOB OEO @ Phone: (867) 982-4908 Fax: (867) 982-5912
Email: kugluktuk@krwb.ca

SUBMISSION TO THE NUNAVUT WILDLIFE MANAGEMENT BOARD
PUBLIC HEARING MARCH 5-6, 2020; CAMBRIDGE BAY, NUNAVUT

FOR

INFORMATION: XX DECISION:

Bathurst Caribou

A Total Allowable Harvest of 30 caribou was implemented in 2017 on the Bathurst Caribou herd
for the Kitikmeot Region. Kitikmeot Regional Wildlife Board allocated those 30 as follows:
Kugluktuk 10; Omingmaktok 10; Kingaok 10. The Kugluktuk Hunters and Trappers Organization
(HTO) allocated those tags to a family living at Contwayto Lake.

The Governments of the Northwest Territories and Nunavut completed a population estimate
in 2018 and came out with 8,200 animals, a decline since the 2015 survey of 20,000 animals.

The Government of Nunavut, Department of Environment met with the affected Kitikmeot
HTOs on October 7, 2019 in Cambridge Bay. The Department of Environment will propose a
reduction from 30 animals to 0.

A lot of discussion revolved around predators and predator management. Currently the
community participates in a wolf skull collection pilot project by the Department of
Environment. Since the project began in winter 2018/19, 101 wolves were harvested. This
number drastically increased due to the $300/sample. Harvesters said that should that amount
be higher, they would be out hunting wolves as the 101 that were harvested were
opportunistic.

The HTO asked the Government of Nunavut a number of questions at that October 7 meeting.
Including what actions Government of Nunavut will be taking other than lowering the TAH to 0
and a wolf pilot project, to help the herd recover, the reply was nothing. It was also asked how
the Government of Nunavut would monitor the health of the herd. There would be none. The
HTO also asked what impact having a TAH of 100 or 30 or 0 would be on the herd and no
evidence can be proven.

Lowering the TAH to 0 would have a drastic negative impact on the family living at Contwayto
Lake, as it is their main food source.


mailto:kugluktuk@krwb.ca

BHTO

HATOGINA22GMAIL.COM

867-983-5407

BURNSIDE HUNTERS & TRAPPERS ORGANIZATION
GENERAL DELIVERY
BATHRUST INLET, NUNAVUT, XOBOCO

TO WHOM IT MAY CONCERN:

| am sending this message regarding the Bathurst Caribou
Herd and the uses of the Tuktu within our people of
Qingauk. The Inuinnait have been using this substance for
many years for food and or clothing. We are all aware that
the herd had been declining in the past years. Our Elders has
informed our Board that this is a normal cycle that takes
place in a person’s lifetime.

As of to date we are surviving in the ten tuktu for the Inuit
of Qingauk and have been distributing the meats with our
families that are from that area once we have used up the
ten tegs that are allocated to our HTO. As a family we are
able to provide meats to those who cannot hunt from the
herd due to their distance being in and around the
Contowyto Lake area in the fall season. With the hunts that
take place, we are able to benefit both with the meat
provided and income for some of the families who do not
have full time, all year-round jobs.

| have seen the plentiful of the Bathurst Inlet Herd when |
first moved back home after being away from home for
almost fifteen years, the herd was thriving then, and over the
years they dwindle down, now that | have my own children
after almost thirty years the tuktu are coming back to our
area in and around Qingauk in plenty numbers as of this year
for the first time in many, many years. | believe the Elders



when we ask for any of their advice and things we may be
concerned about and this is what we were told, all living
things have a cycle they follow and this is information our
Elders has received and followed since their own ancestors
time.

Taking away our foods from our land is like saying you
cannot speak your language any more all over again, this is
our way of life and way of living off, of the land. How much
more we need to give back without being given anything in
return if this is what you want from our land, asking us to go
from allocation of ten per hunters who hunt this herd to
zero is like asking us to go purchase your meats from the
store but you are also taking away the small income that
provides us with this herd as well, how is that fair?

Quana, Hatok Kapolak
BHTO Chair
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KITIKMEOT REGIONAL WILDLIFE BOARD
SUBMISSION TO THE
NUNAVUT WILDLIFE MANAGEMENT BOARD
BATHURST CARIBOU IN-PERSON PUBLIC HEARING
CAMBRIDGE BAY
MARCH 5-6, 2020

INFORMATION: DECISION: X

ISSUE: Government of Nunavut-Department of Environment’s proposal for
NWMB decision to decrease the Total Allowable Harvest (TAH) for Bathurst
Caribou from 30 to 0.

BACKGROUND: The Bathurst Caribou herd is harvested by Kugluktuk, Bay
Chimo, Bathurst Inlet and Cambridge Bay and a family living in

Contwoyto Lake. The Bathurst herd is like any other herds that go through
Population fluctuations throughout high and low number cycles. We believe
This herd, like any other, will rise in numbers again. It is known widely that
Often, the caribou move to where its food source is plenty while waiting for
The food to grow back that they just left from. This has been emphasized
Throughout the north by all users of the respective herds between Yukon and
Quebec. The Bathurst herd is utilized and managed by its harvesters and

If the harvest is cut-off, many people will be affected.

RECOMMENDATION: The Kitikmeot Regional Wildlife Board recommends
that the TAH remains at a “Status quo” of 30. Our rationale is that these
harvests still need to continue because the caribou is the main diet for Inuit
(always has been). We’d also like to point out that another family living in
Contwoyto Lake harvests from the herd and they need to keep harvesting to
maintain food supply for themselves. The Kitikmeot Regional Wildlife Board
cannot emphasize enough how the TAH should not and cannot be put to zero.
We believe the herd will eventually rise in numbers even if harvesting
continues.

We also want to add that if the quota should remain at status quo, we would
ask that all sport hunts be ended and the harvesting will only be used for
subsistence purposes.

If a harvest moratorium is put in place, hardship among the people who
harvest the herd will take over. We understand that this is part of the
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Purpose of
Presentation

* Present a summary of KIA’s views of the
Proposal for a Total Allowable Harvest
(TAH) of O for Bathurst Caribou
requested by the Government of
Nunavut (GN) to the Nunavut Wildlife
Management Board (NWMB).

kitia.ca



KIA’s Mandate

KIA’s Mandate is to managéKitikm"'eot Inuit
lands and resources, and to protect and
promote the social, cultural, political,

~environmental, and economic well- belng of

Kitikmeot Inuit.



Background to KlAs

Submission
* KIA is working with the Kugluktuk and

Ekaluktutiak Hunters and Trappers
Organizations (HTOs), the Kitikmeot
Regional Wildlife Board and Nunavut

Tunngavik Inc. (NTI).

e Caribou are of central important to Inuit
culture

kitia.ca



~ A,
KlAs Position on the TAH O/
* KIA opposes the GN TAH proposal.

Reasons:

* The Inuit family at Contwoyto Lake should be
permitted to maintain a subsistence lifestyle and
contribute to caribou management

* GN needs a balanced approach that minimally
infringes on Inuit rights

* GN proposal does not include TK or 1Q

kitia.ca



Analysis and Argument:
Continuity of Inuit Culture
and Subsistence

* TAH of O will

* impact continuity of Inuit culture

* impose undue hardship on Inuit family
living at Contwoyto Lake

* eliminate the caribou monitoring and
conservation role currently performed by
this family

* not accelerate or measurable change the
decline of the Bathurst herd

kitia.ca



Analysis and Argument:
Minimal Infringement and

Inuit Management

* The Nunavut Agreement and the Constitution
require that conservation action minimally infringe
on Inuit rights

e October 7, 2019 meeting with HTOs, HTOs
requested predator management for wolves and
grizzly bears

* GN proposing to eliminate harvesting without
managing other threats (i.e. predators)

* GN should support creation and implementation of
Inuit led conservation management plan

kitia.ca



Analysis and Argument:
Need to Include TK and IQ

* GN conducted limited community
meetings

* Comments from the community are not
reflected in the proposal

* Proposal does not appear to include any
TK or 1Q

kitia.ca



Summary

* Conservation of Bathurst caribou requires a
balanced approach, including predator
management

* Conservation management should be Inuit led and
utilize TK and 1Q, with support from GN for
developing and implementing the approach

* Conservation must be consistent with Inuit rights,
including minimal infringement on Inuit harvesting
rights

* The TAH should be set at 10, allocated to the family
at Contwoyto Lake for subsistence harvesting

kitia.ca
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February 14, 2020

Jason Akearok
Executive Director
Nunavut Wildlife Management Board

Iqaluit, Nunavut
XO0A OHO

Kitikmeot Inuit Association Submissions to the Nunavut Wildlife Management Board
About the Proposed Total Allowable Harvest for Bathurst Caribou

For
Information: Decision: X

Issue: Government of Nunavut’s Proposal for Decision to the Nunavut Wildlife
Management Board seeking to Decrease the Total Allowable Harvest for Bathurst
Caribou from30to 0

BACKGROUND & FACTS

The Government of Nunavut (“GN”) has applied to the Nunavut Wildlife Management
Board (“NWMB”) to decrease the Total Allowable Harvest (“TAH”) for Bathurst
Caribou herds in Nunavut from 30 to O.

The NWMB is holding a hearing on March 5-7, 2020 in Cambridge Bay to consider the
GN application.

The NWMB granted Kitikmeot Inuit Association (“KIA”) party status in this matter.

KIA isthe Regional Inuit Association for the Kitikmeot. KIA represents the interests of
the Kitikmeot Inuit by protecting and promoting their social, cultural, political,
environmental and economic well-being.

During KIA’s review of the GN application and to prepare this submission, KIA has
spoken with the Kugluktuk and Ekaluktutiak Hunters and Trappers Organizations, the
Kitikmeot Regional Wildlife Board (“KRWB”), and Nunavut Tunngavik Inc. (“NTI”).
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KIA has retained Dr. Anne Gunn to review GN’s technical information for the proposed
TAH. Dr. Gunnisacaribou biologist with extensive experience designing and managing
caribou management programs for territorial governments and advising co-management
boards about wildlife management and environmental impact assessment matters related
to caribou. Her comments on the sampling data and GN’s proposal are incorporated into
this submission and Appendix A.

Caribou are of central importance to Inuit culture. Accessto caribou iscritical to Inuit
food security and cultural continuity. Wildlife harvesting isintegral to the way of life for
Inuit communities.

GN has provided the following documents to support its proposal to reduce the TAH to O:

1 aGN Briefing Note on the Bathurst caribou herd population estimate from a 2018
calving ground photographic survey and harvest recommendations

2 apresentation on the 2018 population estimate of the Bathurst caribou herd

The HTO Consultation Report for Bathurst Caribou Management Recommendations

A W

The Reports on Bathurst Caribou Herd 2018 Estimate, in Nunavut

5 Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for
the Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic
Survey

There is no reference to Traditional Knowledge (“TK”) or Inuit Qaujimajatugangit (“1Q”)
in the GN submissions. There is also no discussion of the impact of this proposal on Inuit
culture, health or rights granted under the Nunavut Agreement and the Constitution.

ANALYSIS& ARGUMENT

KIA understands that Bathurst caribou populations have been declining and thereisa
need to implement a conservation approach. However, any conservation approach must
minimally infringe on Inuit rights under the Nunavut Agreement and the Constitution
while providing afull understanding of the proposed GN management approach to the
Bathurst caribou population in order to understand the likely effects on Inuit and Inuit
rights.

KIA’s submissions are set out below and organized under the following topics:

1 Thelnuit family at Contwoyto Lake should be permitted to continue to maintain their
subsistence lifestyle and contribute to caribou management
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2 GN needs to take a balanced approach to Bathurst caribou conservation and
management that includes partnering with and recognizing the important role of Inuit
and Hunter and Trapper Organizations (“HTOs”)

3 TheGN proposal does not include TK or 1Q
4 Responsesto NWMB Request for Submissions
KIA’s recommendations to the NWMB are at the end of our submission.

1. KIA Reguestsa TAH of 10, Allocated to the Family at Contwoyto L ake

The GN’s proposed TAH of 0 will negatively impact the continuity of Inuit culture and
traditions. It will also impose undue hardship on an Inuit family living at Contwoyto
Lake that maintains a subsistence lifestyle and depends on caribou as a source of food. A
TAH of 10 will neither accelerate nor measurably change the decline of the Bathurst
herd.

KIA isrequesting that the NWMB set the TAH at 10, with all tagsto be allocated to the
family at Contwoyto Lake for use in subsistence hunting.

KIA believesthisis areasonable request based on the need to ensure continuity of Inuit
culture and traditions, the contribution of this family to the monitoring and conservation
of caribou, and the negligible biological impact of removing 10 Bathurst caribou from the
herd.

Continuity of Culture and Traditions

Harvesting isintegral to the way of life for Inuit communities. Caribou are important to
allow Inuit to thrive physically, spiritualy and culturally. Prohibiting the family at
Contwoyto Lake from taking Bathurst caribou will create food security issues for them.

Allowing the family to take 10 Bathurst caribou will maintain important cultural linkages
with caribou with minimal impact of harvest on the herd.

Contribution to Monitoring and Conservation

Allowing the Inuit family to continue to take 10 Bathurst caribou annually will also
further monitoring and conservation efforts for the Bathurst caribou. The family
currently works with the Boots on the Ground Program run by the Ttjchg Government
(“TG”). Through the family’s hunting and use of caribou, the family provides important
monitoring information to the Boots on the Ground program about the health and location
of the Bathurst caribou herd.

The family, through their efforts to live on the land, aso support conservation efforts
through wolf removal. Wolves are aknown predator of caribou. In the past year, the
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family has harvested around 50 wolves, reducing predation on the Bathurst caribou
populations.

Biological Impact
A TAH of 10isunlikely to create a measurable impact for the Bathurst herd.

With the appropriate level of predator management and ongoing monitoring of Bathurst
caribou population numbers, there is no reason why the Board should not permit alow
harvest level such asthe TAH of 10 for the Bathurst herd.

A TAH of 10isunlikely to measurably accelerate a decline or prevent arecovery of the
Bathurst herd. Given government sampling methods and statistical variance, itis
scientifically impossible to detect changes of the Bathurst caribou population as small as
10 caribou.

2. Need for an Approach to Conservation that Minimally I nfringes on | nuit
Rights as per the Nunavut Agreement and the Constitution and Incor por ates | nuit

M anagement

KIA requests that the NWMB require GN to take an approach to the conservation and
management of the Bathurst caribou that reflects the requirements of the Nunavut
Agreement, the Constitution and unigque co-management structure established in Nunavut.
The Nunavut Agreement and the Courts are clear that where there is a requirement for
conservation, the conservation actions must minimally infringe on Inuit rights.*

Based on the evidence submitted, the GN approach isto eliminate Inuit hunting of the
Bathurst herd. The GN evidence for this hearing does not include any information about
GN programs that will manage other threats to Bathurst caribou or increase populations.
There is no plan to measurably reduce predators.

The herd sizeis directly impacted by caribou deaths from predation, harvesting and other
causes such as disease or accidents. GN must ook at all causes of death and create aplan
that addresses these causes in way that stabilizes the herd size and minimizes impacts on
Inuit rights and culture. An effective plan for predator management is akey part of
managing herd size and reducing caribou deaths.

A 2017 report from the Tlicho Government recognizes the impacts wolves can have on
caribou. The 2017 report includes information shared by the Inuit family living at
Contwoyto Lake that “... in recent years, most of the Bathurst herd had remained north of
the treeline and on the barren lands through both summer and winter, instead of travelling
south to the southern boreal forest. The presence of caribou on the barren lands, and

T Rv Sparrow [1990] 1 SCR 1075, [1990] SC] No 49. See also Kadlak v Nunavut (Minister of
Sustainable Development) 2001 NUCJ 1.
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specifically on the post-calving range throughout the year provides a secure and steady
supply of meat for the wolvesin the area, like never before. Every year, John F.
Koadluak harvests between 30 and 50 wolves in this area. John only hunts in the direct
vicinity of his camp as there is a high wolf population in the area.”?

The GN materiasinclude a summary of a DOE meeting on October 7, 2019 with the
Kugluktuk, Ekaluktutialik and Burnside HTOs and Cambridge Bay community. The
HTOs and community were clear that TAH of O would threaten food security and culture
and that GN needed to assess alternative conservation measures. During this meeting the
communities requested additional recommendations for predator control with higher
incentives for wolf harvesting to assist with conservation. The HTO has also raised
concerns about increasing populations of grizzly bears, and a need to manage the impact
of bear predation on caribou populations.®

Additional planning for predator management has aso been cited as a requirement for
Bathurst caribou by the Wek’eezhii Renewable Resources Board (“WRRB”). In a 2019
Report, the WRRB states that conservation management plans for Bathurst caribou must
include gathering information on sighting rates of predators and a determination of the
targeted number of predators to be removed annually.* (emphasis added)

GN is recommending “community based management initiatives that promote herd
recovery and increased monitoring efforts by conducting a population survey every two
years, and calving ground and fall composition survey every year”.> However, thereis
no detail in the GN submissions about these initiatives and how they might help with
caribou conservation.

The GN needs to support the Kugluktuk Hunters and Trappers Organization (“KHTO”)
and assist KHTO to complete adetail Inuit-led conservation management plan, with clear
management initiatives and monitoring and sampling programs. GN must also commit
support for the implementation of the plan. The Board suggested such an effort to GN
after itslast Bathurst hearings.

3. Need to Include TK and 1O

Based on the materials provided, GN conducted limited community meetings. It does not
appear that GN considered any TK or 1Q in preparing the proposal it submitted to the
NWMB.

4. Response to NWM B Request for Submissions

2 Thcho Research and Training Institute (TRTI). 2017 We Watch Everything: A Methodology for
Boots-on-the-Ground Caribou monitoring. Thichg Government.

3 The HTO Consultation Report for Bathurst Caribou Management Recommendations

4+ WRRB Reasons for Decision Final Report - Bathurst Caribou Herd dated October 4, 2019
52020 population estimate of the Bathurst caribou herd presentation
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It its |letter dated February 4, 2020, the NWMB has requested that parties provide
responses to a list of specific issues. A summary of KIA’s response to these issues is set
out below. More detailed responses are in Appendix A.

1 Responses and feedback on the most recent science population abundance estimate
for Bathurst caribou, particularly about:

a) therecent declinein the population abundance estimates from 19,769 in 2015 to
8,207 in 2018 and feedback on the assumptions associated with the statistical
models used to estimate the current population abundance

K1A Response: The methods and analyses to estimate the Bathurst herd size in
2018 were standardized and meet an assumption of accuracy and precision: the
assumption that all breeding cows return to a single calving ground was partially
supported.

b) the areacovered and the duration of the aerial surveys

KI1A Response: During the June 2018 Bathurst calving ground survey, an
extensive area was covered, there were no delays and the survey was timed for the
peak of calving when movements are minimal

c) theleve of Inuit involvement in the study and use of Inuit Qaujimajatugangit in
the popul ation assessment.

K1A Response: Four Inuit were involved as observers during the survey but there
isno evidence for the use of Inuit Qaujimajatugangit in the assessment of herd
size.

2 Any information which is used in demographic models including indices of cow and
calf productivity/survival, and collar movement data.

K1A Response: The demographical model integrates field data on adult cow and calf
survival, adult sex ratio, number of breeding females and an assumed harvest rate.

3 Habitat conditions and potential impacts from human activities in the range of the
Bathurst caribou herd.

K1A Response: Information on habitat conditions and potential impacts from human
activities were not included in the TAH submission.

4 Information regarding the relationship between environmental variables and health of
Bathurst caribou.

K1A Response: Information on if and how environmental variables could affect
Bathurst caribou especially their health was not included.
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5 The Government of Nunavut’s proposed TAH and any alternative recommendations,
if any, and why.

K1A Response: The proposed TAH of 0 was not submitted with alternative
recommendations although GN acknowledged that the communities were
recommending other management actions such as predator control.

6 Inuit Qaujimagatugangit of the Bathurst caribou, related to:
a) Inuit approaches to caribou management in times of decline
b) the socio-economic and cultural value of the Bathurst caribou herd to Inuit

c) knowledge of caribou behaviour, especially about the location of calving grounds
and changes over time

KI1A Response: GN in its December 2019 briefing to NWMB did not reference
Q. Thisissurprising given the amount of information available

7 Inter-jurisdictional considerations when setting management actions for shared herds.

K1A Response: The degree of inter-jurisdictional sharing of the Bathurst herd is high
with five First Nations, three governments and two co-management boards

KIA RECOMMENDATIONS

Given the facts and in consideration of the arguments set out above, KIA respectfully
requests that the NWMB rule as follows:

1. Thereisaconservation concern for the Bathurst caribou herd

2. The conservation approach for the Bathurst caribou herd must be balanced and
include harvest restrictions, predator management, alternate species harvesting
(where appropriate), sampling and ongoing monitoring that assesses current
populations (including females and calves), habitat, and climate and devel opment
impacts. GN must work with Inuit to develop such a balanced approach and
provide support for the HTO’s implementation

3. The conservation approach must be consistent with the rights of Inuit under the
Nunavut Agreement and the Constitution. Thisincludes a minimal infringement
on Inuit harvesting rights and a recognition and efforts to ensure continued
harvesting and cultural practices relating to caribou

4. The conservation approach must recognize that caribou play an important rolein
culture, language and food security
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5. GN’s approach to this hearing, to propose only a TAH and no further
conservation management measures, is inadequate. GN shall collaborate with the
HTOs, NTI, KIA, GNWT, TG and others to prepare a balanced conservation
management approach that seeks to stop the decline of the Bathurst caribou herds
while respecting Inuit and First Nation rights

6. That the GN evidence in this matter fails to include any TK or 1Q, and that such
information is crucia for the effective co-management of Bathurst caribou and
must be included in future proposals to the NWMB

7. That the TAH be set at 10, to be allocated to the family at Contwoyto Lake for
subsistence only.

ALL OF WHICH ISRESPECTFULLY SUBMITTED:

THIS 14" DAY OF FEBRUARY, 2020

Document #: 1668518



KIA Technical response to NWMB’s issues relevant to the
Government of Nunavut’s proposal to modify the TAH for Bathurst
caribou

To address NWMB'’s issues, on behalf of KIA, | reviewed GN’s briefing note and presentation for
NWMB’s December 2019 regular meeting and given that the submission was a summary, | also

reviewed GNWT’s information specifically

the 2018 calving ground survey report which | Abbreviations and Acronyms

ided NWMBL. Rel ENR-GNWT Department of Environment and Natural Resources,
Yvas prov_l e_ to ) - Relevant Government of Northwest Territories
information is available through the WRRB GN Government of Nunavut
proceedings and so | also reviewed the KHTO Kitikmeot Hunters’ and Trappers’ Organization
technical information summarized in the KIA Kitikmeot Inuit Association
WRRB's Reasons for Decision reports? as well | SRRB Sahtu Renewable Resource Board
TAH Total Allowable Harvest

as using the NWMB'’s public registry to find TG Thicho Government
relevant information and documents for the WRRB Wek’&ezhii Renewable Resource Board

June 2016 public hearings® and regular
meeting December 2019.

1. Responses and feedback on the most recent science population
abundance estimate for Bathurst caribou, particularly about:

1.1. The recent decline in the population abundance estimates from 19,769 in
2015 to 8,207 in 2018 feedback on the assumptions associated with the statistical
models used to estimate the current population abundance.

Summary: The methods and analyses to estimate the Bathurst herd size in 2018 were
standardized and meet an assumption of accuracy and precision: the assumption that all
breeding cows return to a single calving ground was partially supported.

Comment: The Bathurst herd declined 59% between 2015 and 2018 which is a higher rate of
decline than between the 40% between 2012 and 2015. The estimate in 2018 was 8,207
caribou 2+ years with its statistical confidence limits were 6,218-10,831.

The 2018 estimate of herd size is based on extrapolating from the number of caribou
estimated during a systematic aerial survey of the calving ground using visual and aerial
photography methods that have become standardized since 1996. The fieldwork is counting the
caribou on the higher density part of the calving ground from high altitude photography.
Caribou on the lower density areas are fewer and are visually counted from survey aircraft.
Ground counts are used to determine the percentage of breeding cows among the caribou
counted on the calving ground based on their appearance. In subsequent data analyses, there

L https://www.nwmb.com/en/public-hearings-a-meetings/meetings/regular-meetings/2019/rm-004-2019-
kugluktuk-december-4-2019/english-9

2 https://www.wrrb.ca/public-information/public-registry

3 https://www.nwmb.com/en/public-hearings-a-meetings/public-hearings-1/2016-1/nwmb-public-
hearing-to-consider-total-allowable-harvest-for-bathurst-caribou



are two steps as firstly, the estimated number of caribou is extrapolated to estimate the
number of breeding cows and then in a second extrapolation, to the total number of 2 year and
older caribou in the herd.

The two main assumptions are that all the breeding cows migrate to the calving ground
and that the counts are both accurate (minimal bias) and precise. The assumption that all
breeding cows return to the previously used calving ground was only partially supported. The
distribution of the collared cows revealed marked changes as 3 of 11 cows that had in June
2017 calved west of the Inlet then in 2018 moved east and calved within the calving grounds of
the Beverly/Ahiak herd. Previously between 2010 and 2015, the fidelity of the collared Bathurst
cows to their traditional calving rather than the neighboring Bluenose East or Bevely/Ahiak
calving grounds had been high (98%).

In support of the assumption about accuracy although patchy snow cover meant
caribou were not easy to see, double counting with paired observers was used to estimate and
correct levels of accuracy. The allocation of survey effort and the photo coverage were
reasonable and lead to conventional levels of precision. The estimate of breeding females was
reasonably precise (13.9%).

1.2. The area covered and the duration of the aerial surveys

Summary: During the June 2018 Bathurst calving ground survey, an extensive area was
covered, there were no delays and the survey was timed for the peak of calving when
movements are minimal.

Comment: There were no weather-caused delays during the 2018 survey that could have
influenced the survey efforts. The area covered was large with extensive reconnaissance flights.
The calving area including the high density area has shifted east compared to previous years
although this shift was not analysed. Overall, the area covered in June 2018 differed markedly
from other calving ground surveys since 1996 because calving extended east of Bathurst Inlet.
The area east of the Inlet was included in the survey and its eastern boundary was coordinated
with GN’s survey of the Beverly/Ahiak herd calving grounds.

The unusual calving distribution immediately east of the Inlet was accommodated as an
additional survey area and thus is unlikely to have changed the outcome. GNWT based its
estimate of herd size on the caribou counted on the Bathurst Inlet calving ground which leaves
the emigration of 3/11 collared cows (27%) as the explanation for part of the decline between
2015 and 2018. It can be assumed that the 27% emigration of the collared cows may also
represent 27% of the Bathurst cows. A lower rate of emigration was also recorded in June 2019
when 3 of 17 collared cows moved to the Beverly/Ahiak calving ground.

1.3. The level of Inuit involvement in the study and use of Inuit Qaujimajatuqangit
in the population assessment.

Summary: Four Inuit were involved as observers during the survey but there is no evidence for
the use of Inuit Qaujimajatuqgangit in the assessment of herd size.

Comment: The 2018 Bathurst calving ground report acknowledges that four Kugluktuk HTO
representatives were involved in the survey.



| did not find how GN used Inuit Qaujimajatugangit for either the 2018 Bathurst calving
ground survey or its interpretation relative to a TAH, although it is available. IQ would be useful
in assessing the significance of the emigration of breeding cows.

Inuit 1Q is shared through the Tlicho Government’s monitoring program for the Bathurst
herd. Inuit work with the Tlicho Government’s Boots on the Ground monitoring program based
at Contwoyto Lake which in 2019, described that:.

“However, in recent years, most of the Bathurst herd had remained north of

the treeline and on the barrenlands through both summer and winter, instead

of travelling south to the southern boreal forest. The presence of caribou on

the barrenland, and specifically on the post-calving range throughout the year

provides a secure and steady supply of available meat for the wolves in the

area, like never before.” . .. “Every year, John harvests between 30 and 50

wolves in this area. John only hunts in the direct vicinity of his camp as there

is a high wolf population in the area.”*

2. Any information which is used in demographic models including indices of cow
and calf productivity/survival, and collar movement data.

Summary: The demographical model integrates field data on adult cow and calf survival, adult
sex ratio, number of breeding females and an assumed harvest rate.

Comment: The computer demographic model was developed from a model that was published
in 2012 in a peer-reviewed journal. The model uses the field data on adult cow and calf survival,
adult sex ratio and number of breeding females and integrates them to generate estimated
rates. The model has a useful strength as it incorporates trends in the field data. Details for the
field data are summarized in the GNWT calving ground survey reports.

The estimated survival rates include an assumed and constant harvest level since 2010
of 5 cows and 70 bulls although the basis for these harvest levels is not related to the 2016 TAH.
The field data for the calf cow ratios are relatively standardized although detailed

reports are not available from GNWT. Unlike the neighboring Bluenose East herd, for the
Bathurst herd, the model-based estimates of cow survival are an increasing trend in cow
survival averaging survival of 0.81 (CI=0.75-0.87) for the 2014-2017. The analysis also suggested
a decline in the number of adult cows dying during the summer. At least in 2017, calf cow ratios
in spring and fall appeared to be an improvement over previous years. Although GNWT
annually monitor adult and calf survival rates, analyses typically lag until a presented in a
calving ground report which means the 2018 and 2019 survival rates are not yet available.

3. Habitat conditions and potential impacts from human activities in the range of
the Bathurst caribou herd.

Summary: Information on habitat conditions and potential impacts from human activities were
not included in the TAH submission.

4 Thcho Research and Training Institute (TRTI). 2017 We Watch Everything: A Methodology for
Boots-on-the-Ground Caribou monitoring. Th¢cho Government.



Comment: GN in their December 2019 submission did not provide information on or need for
management actions on habitat and human activities. However, concerns for habitat and
human activities especially for calving and summer ranges were the basis for recommendations
in the 2019 WRRB’s Reasons for Decision report. Additionally, in recognition of concerns about
habitat changes especially from forest fires and human activities, for the NWT portion of
Bathurst herd’s range, GNWT, after extensive consultation, recently released a Range Plan for
the Bathurst herd.

4. Information regarding the relationship between environmental variables and
health of Bathurst caribou.

Summary: Information on if and how environmental variables could affect Bathurst caribou
especially their health was not included.

Comment: GN in their December 2019 submission did not offer information on if and how
environmental variables could affect Bathurst caribou especially their health. While the GNWT
2018 calving ground report did not include information other GNWT reports have examined the
correlation between climate variables and adult and calf survival® .

5. The Government of Nunavut’'s proposed TAH and any alternative
recommendations, if any, and why.

Summary: The proposed TAH of 0 was not submitted with alternative recommendations
although GN acknowledged that the communities were recommending other management
actions such as predator control.

Comment: In the December 2019 NWMB regular meeting, GN recommended support for
GNWT’s herd-wide 0 TAH. The TAH recommendation for 0 is based on the continued decline in
herd size. However, previously in the 2016 NWMB public hearings, after the GNWT had
imposed a moratorium on hunting Bathurst caribou, GN had recommended a TAH of 30 male
caribou for Nunavut in recognition of the importance of harvesting for economic and cultural

continuity during the hearings:
“So at this declining rate, biologically, the herd cannot sustain
any harvest. It would just push down farther the declining of that
herd; however, on NLCA there is recognition for key econom c
i mportance to this herd for Bay Chino and the outpost canp, the

cul tural maintenance of their skill practice; and, therefore, the GN
was recommended a harvest, negligible harvest of 0.15 percent, which
woul d represent 30 caribou. And that will be nmale caribou.” (public

transcript day 14 June 2016 p.32)

However, with the further decline of the Bathurst herd, | did not find evidence for an
independent analysis of, for example, the impact of a negligible harvest including whether it
would be detectable. GN has not provided analyses to demonstrate that a TAH will, at this stage
in the decline, play a role in halting the decline and starting recovery.

5 Boulnger report and Range Plan



In terms of alternative recommendations relative to a TAH, | did not find evidence as to
how GN (or GNWT) had analysed the role of predation or other possible contributions to the
continued decline. GN did not recommend further actions although they reported that the
communities were requesting additional management recommendations to be considered such
as predator control with higher incentives.

In 2019, GN did not include a recommendation for wolf management although in the
2019 KHTO submission to NWMB, reference was made to GN’s 2018/2019 wolf skull collection
which provided an incentive for wolf harvest. Despite the evidence for the decline despite the
2016 harvest restrictions, it is unclear if and how GN has moderated its position on wolf
management since 2016. During the 2016 NWMB hearings, the KHTO asked GN about wolf
culling:

“Drikus G ssing fromthe Departnment of Environnent.

At this tinme, no, we have no intention of initiating any
wol f cull or grizzly cull or incentive prograns. The issue has been
di scussed within the departnment, and there's a |lot of exanples in

ot her places in the country where these initiatives do not work.
They actually result in nore wolves than actually addressing the

i ssue, unless you put in alot of noney and a lot of tine . . . and
at this stage we are not considering that |'mnot saying that we
won't consider it in future. It all depend on requests from

communities to government and what pressure is put on government.”
(transcripts p.46)

6. Inuit Qaujimajatuqangit of the Bathurst caribou, related to:

0 Inuit approaches to caribou management in times of decline

0 the socio-economic and cultural value of the Bathurst caribou herd to Inuit

0 knowledge of caribou behaviour, especially about the location of calving grounds and
changes over time

Summary: GN in its December 2019 briefing to NWMB did not reference IQ which is surprising
given the amount of information available.

Comment: IQ is outside my field although considerable information has been compiled on
these topics especially by the KHTO. GN in its December 2019 briefing to NWMB did not
reference IQ which is surprising given the amount of information available. GN did refer to a
natural cycle in numbers but not to how that may influence distribution which has been
monitored by Inuit over the decades.

7. Inter-jurisdictional considerations when setting management actions for shared
herds.

Summary: The degree of inter-jurisdictional sharing of the Bathurst herd is high with five First
Nations, three governments and two co-management boards.

Comment: The winter spring, summer and fall ranges of the Bathurst herd are largely in the
NWT where the Bathurst herd falls under the jurisdictions of two governments: TG, and GNWT;
a co-management board WRRB and First Nations: tutsel K’'e Dene First Nation, Yellowknives
Dene First Nation, NWT Métis Nation, North Slave Métis Alliance and Athabasca Denesuline. In



2020, tutsél K’é Dene First Nation released their caribou stewardship plan (Yunethé X3 ?etthén
Hadi). The plan states that LKDFN members will not harvest caribou from the Bathurst herd for
2 years in LKDFN’s traditional territory and LKDFN respectfully requests that other Indigenous
peoples will not harvest caribou from the Bathurst caribou herd for 2 years in LKDFN’s
traditional territory. In Nunavut, the Bathurst herd is under the jurisdiction of GN and NWMB.

Completed by:

Anne Gunn Ph.D.
Salt Spring Island, BC
10 February 2019
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February 11, 2020

Mr. Daniel Shewchuk

Chairperson

Nunavut Wildlife Management Board
P.O. Box 1379, Igaluit, NU

X0A OHO

Dear Daniel,

RE: NWMB Public Hearing to Consider a Modification of the Total Allowable
Harvest for Bathurst Caribou

Nunavut Tunngavik Incorporated (NTI) thanks the Nunavut Wildlife Management Board
(NWMB) for the opportunity to participate in this process.

General comments:

« The Nunavut Agreement recognizes Inuit harvesting and decision-making rights and
Inuit systems of wildlife management that contribute to wildlife conservation.

« The Nunavut Agreement also recognizes the extensive powers of self-regulation of
the Hunters and Trappers Organizations (HTOs) and Regional Wildlife Organizations
(RWOs).

« Any quantitative or non-quantitative limitations on Inuit caribou harvesting can only be
imposed to the extent necessary to effect a conservation concern.

« For the purpose of wildlife conservation, or the maintenance of vital and healthy
wildlife populations capable of sustaining Inuit harvesting needs, it is the responsibility
of the NWMB and the Government to avoid limitations on Inuit harvesting that are
beyond the extent necessary. Inuit have always understood—and put into practice—
that a sustainable harvest depends on principles of conservation.

« Across Nunavut, community-based wildlife management is increasingly recognized to
facilitate the meaningful consideration of Inuit Qaujimajatugangit in wildlife
management processes, decision-making and outcomes.

« The hardships faced by Indigenous peoples of the Northwest Territories (NWT) across
the range of the Bathurst herd are not lost on Inuit. However, the sociocultural
benefits associated with minimal harvest opportunities to support Inuit
Qaujimajatugangit are critical especially to Inuit who continue to live in the caribou

0o P IUMLAR NE™LE Nunavut Tunngavik Timingat Nunavut Tunngavik Incorporated = (867) 975-4900
NNsebsb>C 638, ASbIAC Titiqqilvia 638, Igaluit P.O. Box 638, Igaluit © 1-888-646-0006
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range. NTI has heard that the sociocultural repercussions, knowledge transmission
loss and food insecurity will have serious and long-lasting impacts on Inuit if a
moratorium is put into place.

« NTI supports the position of West Kitikmeot Inuit who do not support a moratorium of
the Bathurst caribou subpopulation at this time.

Specific comments:

« Inuit acknowledge that there has been a decline in numbers of the herd since the
early 2000s.

« NTI supports the development of a community-based caribou management plan for
the conservation of the Bathurst caribou.

« Itis not clear or demonstrated how a harvest of 30 bulls will negatively impact the
potential recovery of the population based on the information submitted to the
NWMB:

« “An analysis of the herd’s demography suggests low calf survival rates and low adult
female survival rates both contributed to the continuing decline of the Bathurst herd”
(Government of Northwest Territories (GNWT) report: page 76). The analysis
suggests the primary factors for recovery potential are adult female survival and calf
survival, but there is no harvest of female caribou proposed.

- In the GNWT demographic analysis, the model includes a removal of 70 bulls per
year (GNWT report: Table 5, page 116). There is no indication that removal of bulls
will negatively impact the potential recovery of the subpopulation.

Prepared by: Department of Wildlife and Environment, Nunavut Tunngavik Inc.



Nunavut Wildlife Management Board In-person Public Hearing to Consider the
Government of Nunavut’s Proposal to Decrease the Total Allowable Harvest for
Bathurst Caribou from 30 to 0

Submission from Government of the Northwest Territories (GNWT), Department of
Environment and Natural Resources (ENR)

Summary: This document summarizes information on the status of the Bathurst barren-
ground caribou herd, recent and proposed management actions for this herd in the
Northwest Territories (NWT), and the GNWT’s recommendations on harvest of Bathurst
barren-ground caribou. More detailed information on the herd is found in supporting
documents. In 1986 the Bathurst herd was one of the largest migratory barren-ground
caribou herds in northern Canada, estimated at about 470,000 caribou. Since then the herd
has declined by about 98% to an estimate of just over 8,200 adult caribou in 2018. This
estimate was less than half the herd estimate of about 19,800 in 2015. All herd estimates
since 1986 are derived from the same photographic survey method on the calving grounds.

The herd’s recent vital rates (cow survival, calf survival, and pregnancy rate) suggest that
further decline is likely. Spring movements of collared Bathurst female caribou in June
2018 and June 2019 suggest that some emigration of Bathurst caribou to the range of the
neighbouring and much larger Beverly herd has occurred. Harvest management in the
NWT in 2010 included closure of resident and commercial hunting and a reduction in the
Indigenous harvest from an estimated 4,000-6,000 caribou/year consisting primarily of
cows, to a harvest limit of 300 caribou/year with 80% bulls. In 2015, after further decline
in the herd, the Indigenous harvest of this herd was closed in the NWT.

Other management actions have included developing a collaborative range plan to ensure
that the herd has sufficient high-quality habitat across its range, and actions to promote
wolf harvest to increase caribou calf and adult survival rates. An overall management plan
for the herd was developed in 2004 and an updated plan is under development in 2020
under the Bathurst Caribou Advisory Committee. The remainder of this submission has
information on the following subjects: (1) Bathurst herd status, (2) Management context
for the Bathurst herd, and (3) Management of Bathurst barren-ground caribou harvest in
the NWT 2009-2019, and (4) GNWT’s suggestions on harvest of Bathurst barren-ground
caribou in Nunavut (NU). The GNWT supports the Government of Nunavut's (GN)
recommendation to close the Bathurst barren-ground caribou harvest in Nunavut, in
consideration of the herd’s more than 98% decline since 1986, and to ensure a consistent
approach across the herd’s entire range.

1. Bathurst Herd Status
The Bathurst historic barren-ground caribou range as determined from collared barren-
ground caribou locations since 1996 covers an area of about 350,000 km? (Figure 1). The
herd’s calving grounds since 1996 have been west of Bathurst Inlet and a large portion of
the herd’s summer range is in NU. The remainder of the herd’s range, including most of the
winter range, is in the NWT; occasionally some Bathurst barren-ground caribou have
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wintered as far south as northern Saskatchewan. Since the herd’s decline to much lower
numbers after 2006, the range has contracted towards the north and the winter range in
particular has been reduced, with much less use of the more peripheral areas in the
southeast and southwest.
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Figure 1: Annual range and calving grounds for the Bathurst herd, 1996-2009, based on
accumulated radio collar locations of cows. The calving area and a portion of the summer
range are in NU and the rest of the range is mostly in the NWT. At high numbers the herd
has occasionally wintered as far south as Saskatchewan.

The June 2018 calving ground photographic survey resulted in an overall herd estimate of
8,207 = 2,624 barren-ground caribou in the Bathurst herd, which is less than half the
estimate in 2015 of 19,769 * 7,420 (Adamczewski et al. 2019). These survey results
showed that the herd has continued to decline and the herd in 2018 had declined by more
than 98% from its peak abundance in 1986 of about 470,000 (Figure 2). The most rapid
decline in the herd occurred between 2006 and 2009, when the herd declined from more
than 100,000 to 32,000. The herd was roughly stable between 2009 and 2012, but surveys
in 2015 and 2018 showed further declines. All population surveys since the 1980s have
used the same methods, with a photographic survey over the calving grounds providing
estimates of the number of females on the calving grounds. The estimates of female
numbers are converted to herd estimates by adding in the males, which are rarely on the
calving grounds, based on fall composition surveys that provide an estimate of relative
male to female abundance. Details are provided in individual survey reports and a full
description of methods is in Adamczewski et al. (2017).
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Figure 2. Estimated herd size in the Bathurst barren-ground caribou herd 1986-2018
(left), based on calving ground photographic surveys conducted in June. For clarity, the
four estimates of herd size since 2009 are shown on the right with a reduced scale. Error
bars are 95% confidence intervals.

Other demographic indicators for the Bluenose-East herd in recent years are consistent
with a rapidly declining trend 2015-2018. Three key demographic indicators of herd health
are the cow survival rate, the pregnancy rate and the calf survival rate. Biologists term
these the population’s vital rates.

Of these indicators, the most critical is cow survival rate; multiple studies (e.g. Boulanger et
al. 2011) have shown that it needs to be between 84% and 90% to maintain a stable herd.
Evaluation of survival in collared cows combined with demographic modeling indicates
that the Bathurst cow survival rate has varied between about 78% and 82% between 2015
and 2018 and the best estimate for 2017-2018 was 82% (Adamczewski et al. 2019). While
there appears to be a trend toward improved cow survival rate between 2015 and 2018, it
would still need to be substantially higher and consistently well over 80% for the herd to
stabilize.

The best information available on the pregnancy rates of this herd is from June
composition surveys that provide an estimate of the proportion (%) of breeding females.
Pregnancy rates have varied from relatively low values in 2015 of about 60% to higher
values of about 80% in 2013 and 2018 and a higher rate of 86.0% in June 2019 (Figure 3).
These results suggest that a low pregnancy rate has contributed to the herd’s decline in
some years, as the percentage of breeding females should be at least 80% in a healthy herd.
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Figure 3. The proportion (%) of cows on the Bluenose-East calving grounds classified as
breeders in June near the peak of calving, 2009-2019. The pooled and stratified values
were calculated using slightly different methods but resulted in nearly identical results.

Late-winter calf:cow ratios provide an index of the proportion of calves born the previous
June that survived the first nine to ten months. A benchmark of at least 30 calves:100 cows
has been used as a guide to healthy populations of caribou; however, this benchmark is
most applicable for populations where the cow survival rate is healthy (85-90%). Where
the cow survival rate is low, as in the Bathurst herd from 2009 to 2018, calf:cow ratios
would need to be much higher (45-50 calves:100 cows or higher) to result in a stable herd.
Late-winter calf:cow ratios averaged 25.4 calves:100 cows for the Bathurst herd for 2014-
2016 (Figure 4). Late-winter composition surveys were not carried out in 2017, 2018 or
2019 for this herd as it was mixed heavily with either the Bluenose-East herd or the
Beverly herd or both, thus resulting ratios would be difficult to assign to each herd.
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Figure 4. Late-winter calf:cow ratios for the Bathurst herd, 2006-2016.
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Taken together, the information on Bathurst cow survival rates, proportion of breeding
females in June, and late-winter calf:cow ratios indicate that low values of all three vital
rates have contributed to the herd’s continuing decline. The cow survival rates estimated
for 2015-2018 are better than in previous years but still well below levels needed for
stability. Calf recruitment between 2014 and 2016 was well below levels associated with
stability.

Tracking of Bathurst collared cows from 2010-2015 and 2016-2018 indicates that rates of
caribou switching between the Bathurst and neighbouring Bluenose-East and Beverly
calving grounds have remained low from 2010 to 2017 (Figure 5). Switches of calving
grounds have tended to occur about equally in both directions. Overall, there were 254
cases of cows in the three herds returning to the same calving ground during 2010-2015
and five switches (1.9%). There were 174 cases of cows returning to the same calving
ground during 2016-2018 and three switches (1.7%). This suggested that movement to
neighbouring herd ranges did not account for the decline in the Bathurst herd 2015-2017.

Movement events: 2010-2015

49 91

114
/\ . 1

Bluenose-East Bathurst Beverly
> >

Movement events: 2016-2018

65 48 61
(\ :

Bluenose-East Bathurst Beverly
> >

Figure 5. Frequencies of collared caribou movement events for the Bathurst and
neighbouring Bluenose-East and Beverly herds 2010-2015 and 2016-2018 based on
consecutive June locations. The curved arrows above the boxes indicated the number of
times a caribou returned to the same calving ground in successive years. The straight
arrows indicate movement of caribou to other calving grounds. From Adamczewski et al.
(2019).

However, the three collared cow switches during 2016-2018 from the Bathurst calving
ground to the Beverly calving ground all occurred in spring 2018. In the winter of 2017-
2018, Bathurst collared cows and bulls were heavily mixed all winter with collared cows
and bulls of the Beverly herd (Figure 6). There was a large size disparity between the two
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herds, with the Bathurst estimated in 2018 at about 8,200 (Adamczewski et al. 2019) and
the Beverly estimated in 2018 at about 103,000 (Campbell et al. 2019), for a ratio of about
12:1. During the spring migration north, three of 11 (27%) known Bathurst collared cows
(known to be Bathurst from their June 2017 locations on the Bathurst calving ground)
moved north and east with Beverly collared cows and did not return (Figure 7). This may
have resulted from the gregarious nature of caribou and an attempt to maintain gregarious
calving (Gunn et al. 2012). While this is based on a limited sample of collars, it suggested
that a greater than normal proportion of the Bathurst herd emigrated to the east, and this
may have contributed to the very low herd estimate in 2018.
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Figure 6. Winter locations (March 15, 2018) of Bluenose-East collared cows (18) and bulls
(18) in purple, Bathurst cows (10) and bulls (10) in red, and Beverly cows (23) and bulls
(12). The Bathurst and Beverly herds were mixed throughout winter 2017-2018.
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Figure 7. Spring migration paths northward March 15-June 16, 2018 of 11 known Bathurst
collared cows (red) and 19 known Beverly cows (green). Purple dots are March 15
locations and indicative of wintering areas; black dots are June 16 locations.

In addition to the collar data, the demographic model for the Bathurst herd was used in
2018 to assess what the herd’s estimated size should have been in 2018, based only on its
internal vital rates and not on the actual survey-derived estimate in 2018. This exercise
suggested that the herd estimate in 2018 should have been about 30% larger, and although
this was only a modeling exercise, it provided further support for a substantial emigration
of the Bathurst herd in June 2018. In the winter of 2018-2019, the Bathurst and Beverly
herds were again mixed heavily all winter, and in the spring, three of 17 (18%) known
Bathurst collared cows (collared cows known to have been on the Bathurst calving ground
in June 2018) moved east in the spring with Beverly collared cows and did not return.
While this sample is also relatively small, it does suggest that movement from the Bathurst
range in spring 2018 and 2019 was potentially much higher than the 1-2% rate of
switching normally recorded between the Bathurst and neighbouring calving grounds prior
to 2018. The future of the Bathurst herd is thus at risk not only from numeric decline but
from emigration to the east.

2. Management Context for the Bathurst Herd
Overall Management: An overall management plan was developed for the Bathurst herd
through a collaborative process and finalized in 2004 (Bathurst Caribou Management
Planning Committee 2004). This plan dated from an earlier period when the herd still
numbered well over 100,000 caribou; the herd’s circumstances have changed since then,
and an updated plan is needed. A collaborative group called the Bathurst Caribou Advisory
Committee has met a number of times between 2017 and 2020. It is made up of 18
organizations in NWT, NU and northern Saskatchewan that have an interest in or
responsibility for managing the herd. A draft plan is expected in 2020. Like other herd-
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specific plans, this comprehensive plan will address monitoring, harvest, predators,
disturbance, habitat conservation and education.

Range Planning and Land Use: In recognition of the importance of habitat conservation and
management, and in light of current and proposed development on the Bathurst herd’s
annual range, work to develop a collaborative range plan for the Bathurst herd was
initiated by GNWT in 2013 and a plan was completed in 2019. A total of 21 organizations in
NWT, NU and northern Saskatchewan were involved (Government of Northwest
Territories 2019). The range plan is advisory and includes conservation of key ranges like
calving and post-calving ranges, water crossings, and key unburned winter ranges;
mitigation measures like mobile conservation measures, road planning, and compensatory
restoration; and support for community guardianship programs (Figure 8).
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Figure 8. Bathurst caribou historic annual range since 1996 with existing roads and mines
and known mineral deposits. The annual range was divided into five zones, with an
assessment of the overall level of disturbance in 2019 in each zone as healthy (green),
cautionary (yellow) and red (high risk). Areas 2 and 4 are most affected by disturbance and
were assessed as cautionary. From Government of Northwest Territories (2019).

ENR has engaged in all recent environmental assessment (EA) processes within the
Bathurst range in the NWT (e.g. Gahcho Kue, Jay Project), to ensure that possible effects on
the Bathurst herd are considered and mitigated where possible. ENR has also engaged in
EA processes in NU for projects that could affect the trans-boundary Bathurst herd’s
calving grounds and summer range (e.g. Sabina). A number of Indigenous governments and
other organizations from NWT have also engaged in EA processes in NWT and NU. ENR has
participated in a number of workshops in NU focused on protection of caribou habitat.
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Predator Management: As a result of the large and continuing declines in the Bluenose-East
and Bathurst herds, the GNWT has led or supported a number of approaches to increase
the harvest of wolves as a means of increasing caribou adult and calf survival rates. These
approaches include the following programs.

A collaborative technical feasibility assessment of a full range of wolf management options
was carried out in 2016-2017, to consider the practicality, costs, and likely effectiveness of
different wolf reduction options. The Wek’eezhii Renewable Resources Board (WRRB),
Thcho Government (TG) and ENR were lead partners on this feasibility assessment. The
main focus was the Bathurst herd, but the assessment could be applicable to other herds.

In 2019, the GNWT increased its incentives for wolf harvesters in an area centered on the
wintering collar locations of Bluenose-East and Bathurst barren-ground caribou to include
three options (Figure 9a). These included an option for a hunter to receive $900 for an
unskinned, intact wolf, an additional incentive of $400 for a wolf skinned to traditional
standards, and a further option for another $350 for a prime pelt skinned to taxidermy
standards. Approximately 60 wolves were harvested in winter 2019 in the Enhanced North
Slave Wolf Harvest Incentive Area. These incentives will continue in winter 2019-2020,
with further increases in the incentives (Figure 9b).
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Figure 9a. Enhanced North Slave Wolf Harvest Incentive Area, centered on wintering
range used by collared caribou from the Bathurst and Bluenose-East herds in winter 2018-
2019, where increased incentives for wolf harvest were available.
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| harvested a wolf from the North Slave Region
Wolf Incentive Harvesting Area.
How much money will | get for it?

Indigenous/non-Indigenous Harvesters

$1,200 for the wolf carcass
(skinned or unskinned)

Non-Indigenous Indigenous
Resident Harvester Harvester/GHL Holder
L. Wolf pelt skinned
iz addmo:al to traditional or
paern taxidermy standards?
‘ Total $1,200 ‘ ‘ Additional $400 ‘

Did the pelt sell for

$200* or more
at auction?

No additional $350 Prime
payment Fur Bonus

Total $1,600 Total $1,950

* If the pelt sells for more than $400 at auction, you will get the difference
abave the $400 advance.

Figure 9b. Incentives for wolf pelts available to wolf harvesters under the Enhanced North
Slave Wolf Harvest Incentive Program in the NWT in winter 2019/2020.

ENR has also worked with the Kugluktuk Hunters and Trappers and the GN wildlife staff in
Kugluktuk on support for Kugluktuk wolf hunters to hunt wolves in the NU-NWT border
country within their traditional area, which includes some areas on the NWT side of the
border.

In addition, the TG with GNWT support has developed a pilot community-based wolf
harvest program associated with the Thchg communities that would include training and
support for wolf harvest on the winter range of the Bathurst herd in culturally acceptable
ways. Winter camps for wolf harvest will be set up in 2020 in support of this program.

3. Management of Bathurst Barren-ground Caribou Harvest in the NWT 2009-
2019

Harvest of Bathurst barren-ground caribou in the NWT was substantial up to 2009, and
included harvest by a number of Indigenous groups, resident hunters and big-game
outfitters. Harvest in 2007-2008 and 2008-2009 was not fully documented but estimates
based on check-stations, community monitors, community interviews, and patrols by
wildlife officers indicated that the harvest was in the order of 4,000-6,000/year
(Adamczewski et al. 2009). After the June 2009 calving photo-survey documented a very
rapid decline from more than 100,000 to about 32,000 in three years, actions were taken to
reduce the NWT harvest (Figure 10).
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Figure 10. Population size of the Bathurst herd 1986-2019 and NWT harvest management.
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In December 2009 the Minister of ENR closed all harvest of Bathurst caribou in the NWT
(resident, commercial, and Indigenous) effective starting in January 2010 within two large
management areas (R/BC/02 and R/BC/03); these measures were to remain in place until
review and recommendations from the WRRB in 2010.

A joint management proposal from the Thchg Government and ENR on caribou
management was submitted to the WRRB in May 2010. The main recommendation in the
proposal was to establish an annual Indigenous harvest target of 300 + 10% Bathurst
caribou with a sex ratio of 80% bulls, with continued closure of resident and commercial
harvest. The WRRB held a hearing in August 2010 and issued a report in October 2010
which supported the recommended harvest limit and made additional recommendations
(WRRB 2010).

In October 2010, ENR signed an agreement with the Yellowknives Dene First Nation
(YKDFN) that included tags or authorization cards for 150 Bathurst caribou, which
included the same sex ratio of 80% bulls.

In spring 2013, WRRB recommended that short-term harvest of Bathurst caribou remain
limited to 300 caribou and 80% bulls, and extended its 2010 recommendations for
Bathurst caribou through the 2013-2014 hunting season.

In January 2015, ENR submitted a proposal to WRRB for interim management of Bathurst
barren-ground caribou. The proposal recommended use of a Mobile Core Bathurst Caribou
Conservation Area centered on locations of collared Bathurst barren-ground caribou for
winter 2014-2015 (Figure 11), with no harvest of barren-ground caribou within the mobile
zone. In January 2015, WRRB accepted this proposal on an interim basis for the balance of

11
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the 2014-2015 harvest season. The WRRB held a hearing in 2016 on management of the
Bathurst herd and determined that the 0 harvest for the Bathurst herd should continue
(WRRB 2016).

% T
Mobile Core Bathurst Caribou

ooy 17.2017 B
[F00.000 ;

Mop created February 17, 2016 |
Next map update: February 21, 2016)

| Bathurst
*V ,A,!‘ Mobile Nunavut
Zone

North Slave

U/BCIOY

Figure 11. An example of the Mobile Bathurst No-Harvest Zone (in yellow) in February
2016. The mobile zone polygon extends into NU because some collared caribou were in NU,
but the zone has no management status outside NWT. R/BC/02 and R/BC/03 are the two
large areas where Bathurst caribou harvest was limited to 300 in 2010-2014.

In January 2019, TG and ENR submitted a joint management proposal for the Bathurst herd
to the WRRB and the WRRB in 2019 determined that the 0 harvest of the Bathurst herd in
the NWT should continue (WRRB 2019).

4. Proposed Harvest Management for Bathurst Herd in Nunavut
The GN has proposed to Nunavut Wildlife Management Board that harvest of Bathurst
barren-ground caribou in NU be reduced to 0. The GNWT supports the GN proposal for the
following reasons:

1. The herd has declined by more than 98% since 1986; this is the most extreme
decline of any barren-ground caribou herd in NWT or NU. Key population indicators
such as late-winter calf: cow ratios, estimated cow survival rate, and pregnancy
rates suggest further decline is likely. The herd estimate in 2018 was less than half
the estimate in 2015.

2. Bathurst collared caribou movements in spring 2018 and 2019 indicate that the
herd’s future is at risk not only from numeric decline, but also from emigration of
Bathurst caribou to the range of the neighbouring, much larger Beverly herd.

3. There is precedent for closing all harvest from other caribou herds that have
reached very low numbers:
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o All harvest of the Cape Bathurst herd in the Beaufort-Delta region has been
closed since 2007 due to very low numbers in 2006 at ~3,000 animals, after
declining from peak numbers of ~13,000 in 2000. (Wildlife Management
Advisory Council (NWT) recommendation, implemented by GNWT). In this
case, harvest was closed when the herd reached about 10% of known peak
numbers.

o The Harvest Management Plan for the Porcupine caribou herd which was
finalized in 2010 (PCMB 2010) has a "red zone" population threshold at
45,000 caribou, below which all harvest would be closed. Surveys since the
1970s indicate this herd has generally not exceeded 200,000-218,000 at
peak abundance. In this case the red zone is at about 21% of peak numbers.

o By comparison, the Bathurst herd is at about 2% of its largest observed herd
size in 1986 and may decline further.

4. Several Indigenous groups in the NWT have expressed concern over continuing
sports hunting of Bathurst barren-ground caribou in NU when all harvest of
Bathurst barren-ground caribou in the NWT, including Indigenous harvest, has been
closed since 2015. Closing the NU harvest of Bathurst barren-ground caribou would
ensure a consistent approach across the herd’s range.
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1. Bathurst Caribou Herd Status

2. Management Context

3. Recent Harvest & Management in NWT
4. Recommended Harvest in Nunavut
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Barren-ground Caribou
Species at Risk
Processes

COSEWIC = Committee on the Status of
Endangered Wildlife in Canada
SARA = Species at Risk Act (federal)
SARC = Species at Risk Committee (NWT)
CMA = Conference of Management
Authorities (NWT)

Canada
COSEWIC (2016): Threatened
SARA (pending)

NWT
SARC (2017): Threatened
CMA (2018): Threatened
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Caribou Herd Estimate: Cows & Bulls
e (Calving Ground Survey: Number of Cows

Bulls not on Calving Ground
* Fall Survey (October): Cow:Bull Ratio

Add Bulls to Cows: Herd Estimate

5| Photos J. Adamczewski, ENR
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1. Cow Survival: 84-90% for stable herd
Bathurst Herd: Estimated 78-82% 2015-2018

Vital Rates 2. Calf Survival: 30-50:100 for stable herd
. Calf Survival: 30-50: or stable her
2015-2018 Averaged 25:100 2014-2016

s ¥k 3. Pregnancy: Atleast 80% in healthy herds
~ ¥~  Estimated 60% 2015, 70% 2018, 86.0% 2019
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Movement Between Bathurst & Neighbouring Herds

Collared Cows 2016-2018
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177  Consecutive Pairs of June Locations:
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Bathurst & Beverly
Caribou Spring
Cow Migrations

March 15 — June 16,
2018
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Bathurst (Known) Collared Cow | ".“

Locations June 4-16, 2018:
11 (73%) Cows Near or West of
Bathurst Inlet
3 (27%) Cows Moved East With
Beverly Cows, Did Not Return

June 2019: 3 of 17 (18%) Known
Bathurst Cows Moved East with
Beverly, Did Not Return

Collared Cows Caribou Cow Locations During:
BGCAIR24 O Recon Survey (410 Jun)
BGCAI6E @ Photo and Visual Survey (8.0 Jun)

e BGCAE11E @ Composibon Survey (1396 Jun)
BGCA16119 Bathurst Survey Strata
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Bathurst Caribou

Management Plan
2004

A MANAGEMENT PLAN FOR THE BATHURST CARIBOU HERD

PREPARED BY
THE BATHURST CARIBOU MANAGEMENT PLANNING COMMITTEE
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Bathurst Caribou
Management Plan 2020
In Development

Bathurst Caribou
Advisory Committee

18 Organizations
NWT, NU & SK
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|

eeeeeeeeeee



GN
NWMB
NU Communities

GNWT b st

TG Wi L

GN = Government of Nunavut
NWMB = Nunavut Wildlife
Management Board

Other Indigenous

Governments, TG = Thcho Government
Sy , WRRB = Wek’eezhi1 Renewable
Communities B Kawig, Sait ivar, Resources Board
SsambaKe e oY Ve Rederved Land GNWT = Government of Northwest

Fort Smith
e

Alberta Saskatc hvw.y Terrltorles

Government of
Northwest Territories




athurst Caribou
Range Plan
Finalized 2019
1 Organizations
NWT, NU & SK

Y
4 Tukiyt Noghyt
4 < National Par
-
<
-

"
Yrve
v
B

J
1gfkaichonDé

A

N z:ofl_x“n\n % %

AREA 3

Legend
] Bathurst Planning Area
Waterbodies
A A Treeline
0 Provincial Border

Y

BCRP Cumulative Land
umi| Disturbance Framework:

Current Status by Interim
Range Assessment Area

[ Interim Range
Assessment Areas

Desirable

(LOW RISK)
Cautionary
(HIGHER RISK)

Back Rifer (Goose)

Thelon Wilglite
Sanclumry

Projection: Lambert Conformal Conik:

Wildiand

Y
] Established Protected / &
1 Conservation Areas vL 'vv,. g
Disturbance Foft Providence ... s AREAS <«
" S
Human Development ZOI Fort Resolution
Human Infrastructure P\ akisa
~—— Major Road River
«ees Tibbit to Contwoyto e
Winter Road
<= Other Winter Road - B s
& ARITORIES
Hydro Transmission | NORTH 8T TEF
YsERTA ATCHEWAN
*  Mineral Projects
Wood Buffaio
: T | National Park i e
—— TN o Setony Rapiss

Government of
Northwest Territories




Bathurst Caribou
Range Plan
Recommendations

w
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Bathurst Herd: Wolf Management

* Collaborative Wolf Feasibility Assessment 2017
* Increased Incentives for Wolf Hunters 2019-2020
* Thcho Wolf Hunting Winter Camps 2020

* Collaboration with Kugluktuk Wolf Hunters 2019-
2020
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O Harvest of Bathurst Caribou

1. Herd decline > 98% since 1986
2. Herd at risk from further decline & emigration
3. Precedent for harvest closure at very low numbers:
o Cape Bathurst harvest closed since 2007; herd
~13,000 in 2000 and ~3,000 in 2005 (WMAC-NWT)
o Porcupine Harvest Management Plan: All harvest
to close if herd < 45,000 (PCMB)
4. NWT Indigenous Communities Concerns:
All harvest closed in NWT since 2015, including
Indigenous; sports hunts continuing in NU
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GNWT Bathurst Caribou Engagement & Consultation
2018-2019: Overview

* Deljne Renewable Resources Council, Dec. 11 & 12,2018
«  Wekweeti & Gameti Jan. 21, 2019, Whati Jan. 22, 2019, Behchoko Jan. 23, 2019

* Yellowknives Dene First Nation Chiefs & Elders Council, Jan. 24, 2019

« Salt River First Nation, Ft Smith Métis Council, Smith’s Landing First Nation, Jan. 29, 2019
e Tulita Renewable Resources Council & Sahti Renewable Resources Board, Jan. 30, 2019
 Lutsél K'é Dene First Nation, Feb. 6, 2019

* North Slave Métis Alliance, Feb. 18, 2019

* Kugluktuk Hunters and Trappers Organization, Feb. 20,2019

* GNWT & GN Ministers’ Meeting, Kugluktuk, April 15 & 16,2019
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ABSTRACT

This report describes the results of a calving ground photo survey of the Bathurst caribou
herd conducted in June of 2018 near Bathurst Inlet in Nunavut (NU). The main objectives
were to estimate the numbers of breeding females, adult females, and adults in the herd, to
compare with results of previous calving ground surveys of this herd, the last of them in

2015.

We flew a systematic reconnaissance survey with transects at ten km intervals over an area
defined primarily by locations of collared female caribou. Adjacent areas were also flown to
ensure that the distribution of females was fully defined. The results were used to assess
how far calving had progressed, allocate survey effort to geographic strata of similar caribou
density, and time the aerial photography to coincide with the peak of calving. Based on
average daily movement rates of collared females falling below a threshold of
5 km/day on June 8, and observed proportions of cows with calves from fixed-wing flying, it
appeared that the peak of calving would occur on or soon after June 8. The photo plane
survey was flown with excellent field conditions (blue skies) on June 8. We delineated one
photographic stratum where most of the cows were seen and which contained 12 of the 17
active cow collars, west of Bathurst Inlet. On June 8 and 9 we also conducted visual surveys
of two other strata with lower densities of female caribou and five collared cows, on either

side of Bathurst Inlet.

Snow cover was patchy in much of the survey area, which made caribou more difficult to see.
For the visual surveys, we used a double observer method to estimate and correct for
sightability of caribou. A double observer method was also used to estimate and correct for
sightability of caribou on the aerial photographs. In addition, extra time was taken by the
contract staff who counted the aerial photos to make sure that a very high percentage of

caribou were found.

The estimate of 1+ year old caribou on the core calving ground was 6,919 (95% confidence

interval (CI) =5,415-8,843) caribou. Combining these numbers with the results of the
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composition survey, the estimate of breeding females was 3,636 (CI=2,709-4,880). This
estimate was reasonably precise with a coefficient of variation (CV) of 13.9%. The estimate
of adult females in the survey area was 5,162 (CI=3,935-6,771). The proportion of adult
females classified as breeding was higher (70.4%) than in 2015 (60.9%). Herd size was
estimated as the number of adult females on the survey area divided by the proportion of
females in the herd from a 2017 fall composition survey, thus accounting for the bulls in the
herd. The resulting estimate of Bathurst herd size in 2018 was 8,207 caribou at least two

years old (CI=6,218-10,831), compared to 19,769 (CI=12,349-27,189) in 2015.

Reductions from 2015-2018 in estimates of breeding females were 55.0%, in adult females
61.0% and in overall herd size 58.5%. The reduction in herd size indicates an annual rate of
decline of 25.5% 2015-2018. This decline could not be attributed to issues with survey
methods. Demographic analysis indicates that adult female survival rates (estimated at 0.82
for 2017-2018 using a Bayesian demographic model) had improved from 2015 but
continued to be below levels associated with stable populations (0.84-0.90). Overall calf
productivity (the product of fecundity and calf survival) prior to 1997 averaged 0.46 while
the average for 2011-2018 was 0.25 and was well below levels associated with stable

populations. These low vital rates likely account for much of the decline 2015-2018.

Assessment of movement of collared females between the Bathurst and neighbouring
Bluenose-East and Beverly calving grounds 2010-2017 showed minimal movement of cows
to or from neighbouring herds. However, the Bathurst herd was heavily mixed throughout
winter 2017-2018 with the much larger Beverly herd that calves in the coastal lowlands
along the Queen Maud Gulf, and was outnumbered by that herd by a ratio of about 12:1 in
2018. Of 11 Bathurst collared cows that were known to have calved on the Bathurst calving
ground in June 2017, three moved in the spring of 2018 to the coastal calving ground along
the Queen Maud Gulf and did not return later in the year. This is a limited sample and should
be interpreted cautiously, but it suggests that a portion (27%) of the herd’s cows may have
emigrated and joined the Beverly herd while 73% remained on the main Bathurst calving
ground. In addition, the Bayesian demographic model was used to project the herd’s likely

size in 2018 based on its demographics, including or not including the 2018 survey results.
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This suggested that about 31% of the cows might have emigrated to the Queen Maud Gulf
coastal calving area and about 69% remained on the main Bathurst calving ground. The two
estimates suggest that roughly 70% of the Bathurst cows remained on the Bathurst calving
ground that the herd has used since 1996 in 2018, but this is based on limited data and model
projections, and should be interpreted with caution. In June 2019, three of 17 (17.6%)
collared cows that were on the Bathurst calving ground in June 2018 moved well east of
Bathurst Inlet with Beverly collared females, suggesting that some eastward emigration of

Bathurst cows had continued.

We suggest close monitoring of the herd in the next few years, including population surveys
every two years, annual monitoring of cow survival, calf productivity and calf survival for

this herd, and increased collar numbers for monitoring and management.
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INTRODUCTION

The Bathurst herd’s calving grounds have been found since 1996 west of Bathurst Inlet
(Figure 1). The herd’s summer range includes the calving ground as well as areas south of it.
The winter range is primarily in the Northwest Territories (NWT) and in some years has

extended as far south as Saskatchewan.

Bathurst
- | B0 calving Area |
Annual Range |

Py TATHERE o
B g "¢

Figure 3: Annual range and calving grounds for the Bathurst herd, 1996-2009, based on
accumulated radio collar locations of cows (Nagy et al. 2011). The calving area and a portion
of the summer range are in Nunavut (NU) and the rest of the range is mostly in the NWT. At
high numbers the herd has occasionally wintered as far south as Saskatchewan. The Gahcho
Kué, Ekati and Diavik mines were in active production in 2018 and the Jericho and Lupin
mine-sites were under care and maintenance with minimal maintenance staff.



In recent years (2009-2018) the herd’s range has contracted as the herd has declined to low
numbers, and the herd has wintered near tree-line or on the tundra since 2014. This herd
has long been a key country food and cultural resource for Indigenous cultures in the NWT
(e.g. Legat et al. 2014, Jacobsen et al. 2016), and the decline and associated harvest
restrictions (e.g. WRRB 2016) have resulted in hardships in several communities. In
addition, this herd was harvested by big-game outfitters and by NWT resident hunters until
2010 (Adamczewski et al. 2009, Boulanger et al. 2011).

This report describes results of a calving ground photo-survey of the Bathurst caribou herd
conducted during June of 2018. A survey of the Bluenose-East herd’s calving grounds west
of Kugluktuk (Figure 2) was carried out at the same time and the results are reported
separately (Boulanger et al. 2019). A survey of the Beverly calving grounds in the Queen
Maud Gulf area was also carried out by biologists with the Government of NU (GN) in June
2018 and those results will also be reported separately (Campbell et al. 2019). The Beverly
systematic survey transects began next to the Bathurst survey transects east of Bathurst
Inlet, and transects were also flown between the Bathurst and Bluenose-East calving
grounds, resulting in continuous coverage of the three calving grounds and areas between

them.



Victoria
Island

Nort_hw_est = '2£ Queen Maud GU'f‘\’". Chantrey
Territories + Kugluktuk . Bathirst o Iilet
- ; Inlet N |
Great Bear
Lake
Beverly
Bluenose 3

-East

Nunavut
Bathurst
o Yellowknife

Great Slave
Lake

Figure 2: Annual ranges and calving grounds of the Bluenose-East, Bathurst, and Beverly1
herds, based on accumulated radio collar locations of cows (Nagy et al. 2011). Other herd
ranges west and east of these three herds were omitted for simplicity.

Calving ground photo surveys of the Bathurst herd have been carried out since the 1980s
and the herd reached peak numbers estimated at 472,000 in 1986 (Figure 3). Surveys have
been carried out at 3-year intervals since 2003 when a substantial decline in the herd was
detected. The herd initially declined slowly in the 1990s and then at a more rapid pace after
2003. The most rapid decline was between 2006 and 2009 when the herd decreased from
over 100,000 to just 32,000 in three years. A demographic evaluation of the herd’s decline

until 2009, including the role of harvest in the accelerated decline 2006-2009, was carried

1 The Beverly herd described in this report is the herd defined by the GN as calving in the central and western Queen
Maud Gulf. This herd does not correspond exactly to the Beverly herd defined prior to 2009 with an inland calving
ground south of Garry Lakes (Adamczewski et al. 2015).



out by Boulanger et al. (2011). The last calving photo survey of the Bathurst herd in 2015
was described by Boulanger et al. (2017).
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Figure 3: Estimates of breeding females on the left (red) and extrapolated herd size on the
right (blue) from 1986-2015, based on calving ground photo surveys of the Bathurst caribou
herd. Estimates are shown with 95% Confidence Intervals.



METHODS

Basic Methodology
The calving ground photographic survey was conducted as a sequence of steps described

briefly below, then in greater detail in following text.

1.

2.

Locations of collared female caribou and prior surveys of this herd’s calving grounds
were used to define the main area for the survey. Outlying adjacent areas were also

flown.

A systematic reconnaissance survey was carried out before the peak of calving with
transects spaced at 10 km intervals. The same 10 km grid system used to locate
transects has been used since 2009. These allowed us to delineate areas where
breeding and non-breeding females, bulls and yearlings were found on or near the
calving ground. Timing of calving was assessed by evaluating the relative proportion
of cows with newborn calves seen during the reconnaissance survey, and from

reduced movement rates of collared cows associated with calving.

Using information on caribou density and composition derived from the
reconnaissance survey, we defined strata (or survey blocks) that would be surveyed
again at higher rates of coverage by photographic or visual transects. We allocated
aerial photography to one stratum with the highest densities of breeding cows and
the bulk of the collared cows. Two visual strata with lower densities of cows were

also defined and flown east and west of Bathurst Inlet.

We initiated the helicopter-based composition survey soon after the photographic
and visual surveys of the calving area. The composition survey crew classified larger
groups (i.e. more than about 30-50 caribou) on the ground and classified smaller
groups primarily from the air. Groups of caribou in each stratum were classified to
determine the proportions of breeding and non-breeding cows, as well as bulls and

yearlings.



5. We derived an estimate of breeding females using the estimates of total caribou at
least one year old within each stratum, and the proportion of breeding females within
that stratum. The total number of adult females was estimated from the proportion

of females and the estimate of caribou at least one year old in the survey area.

6. The adult female estimate was used to extrapolate the total size of the Bathurst herd
(caribou at least two years old) by accounting for males, using an estimate of the

bull:cow ratio from a fall composition survey flown in October 2017.

7. Demographic data for the herd, the new estimates and collar movement data were
used in trend analyses and population modeling to further evaluate population

changes from 2015-2018 and their likely causes.

Analysis of Collared Caribou Data
Twenty-four collared female caribou were initially considered during the Bathurst June

2018 survey. Two of these reported rarely or erratically and were not considered in survey
planning. A further two collars were well south of the survey area in June and not associated
with any calving ground, and were also not considered in survey planning. Of the remaining
20 collars, three moved in May-June to the Queen Maud Gulf coastal calving ground with
collared Beverly cows, and did not return. This left 17 active cow collars in the Bathurst Inlet
area in June 2018. Of these 17, 12 were found within the eventual high density photo block,
four in the eventual visual east block and one was just south of the eventual visual west block.
Movement rates of these collared caribou females were monitored daily to help identify the
timing of the peak of calving. Previous experience (e.g. Gunn et al. 2005, Boulanger et al.
2019) had shown that average daily movement rates of collared cows dropping below 5

km/day were a reliable indicator of the peak of calving.

Systematic Reconnaissance Survey to Delineate Strata
Kugluktuk was the main survey base of operations with two Cessna Caravans dedicated

mostly to the Bluenose-East survey and to support the Bathurst survey; a third Cessna
Caravan was based at the Ekati diamond mine (Figure 1). The Ekati Caravan flew most of the

Bathurst reconnaissance survey and the visual strata, because the Caravans in Kugluktuk



were grounded June 2-5 by poor weather. One of the two Caravans based at Kugluktuk flew

part of the Bathurst visual survey strata.

Based on a systematic 10 km grid, reconnaissance transects were spaced at 10 km intervals
to provide 8% coverage across the main calving area and in adjacent areas. Strip transects
were 800 m in width, and caribou were counted within a 400 m strip on each side of the
survey plane (Gunn and Russell 2008). For each side of the plane, strip width was defined by
the wheel of the airplane on the inside, and a single thin rope attached to the wing strut that
became horizontal during flight, served as the outside strip marker. Planes were flown at an
average survey speed of 160 km/hour at an average altitude of 120 m above the ground to

ensure that the strip width of the plane remained relatively constant.

Transects were spaced at 5 km intervals across the concentrated calving area to provide a
more fine-grained assessment of the distribution and density of caribou. The initial focus
was on delineating the annual concentrated calving area based primarily on the distribution
of collared caribou cows. Once the main calving area had been covered, additional survey
transects were flown adjacent to the concentrated calving area (north, west and south) to
make sure that no substantial numbers of female caribou were missed. Using the systematic

10 km grid, transects were extended at least one 10 km segment past the last caribou seen.

The GN Beverly caribou survey started on June 5 and coverage started east of Bathurst Inlet
and immediately adjacent to our systematic reconnaissance survey of the Bathurst calving
ground (Campbell et al. 2019). We communicated daily with the GN survey crew during the
Bathurst calving ground survey. We also flew survey transects west of the main Bathurst
survey area at 20 km spacing to extend coverage to the Bluenose-East systematic survey area

near Kugluktuk (Boulanger et al. 2019).

Two observers, one seated in front of the other, and a recorder were used on each side of the
airplane to minimize the chance of missing caribou. Previous research (Boulanger et al.
2010) demonstrated that two observers usually saw more caribou than a single observer. In
addition, analysis of the sighting patterns of observer pairs allowed for assessment of what

was likely missed (Boulanger et al. 2010). Double observer methods have been used on other



recent Bathurst calving ground photographic surveys (e.g. Boulanger et al. 2017). The two
observers on the same side communicated to ensure that groups of caribou were not double

counted.

On the reconnaissance survey, caribou groups were classified by whether they contained
breeding females. Breeding females were cows with hard antlers or cows with newborn
calves. A mature female with hard antlers is an indicator that the female has yet to give birth
or has just given birth, as cows usually shed their antlers within a week after birth (Whitten
1995). Caribou groups were classified as non-breeders based on the absence of breeding
females and newborn calves, and substantial representation of yearlings (identified by a
short face and a small body), bulls (identified by thick, dark antlers in velvet and a large
body), and non-antlered or females with short antlers in velvet. The speed of the fixed-wing
aircraft and observer experience did not allow all caribou to be classified. Thus, the focus
was on identifying breeding cows if they were present, and otherwise on the most common
types of caribou present. In most cases, each group was recorded individually, but in some
cases groups were combined if the numbers were larger and distribution was more

continuous. Data were recorded on Trimble YUMA 2 tablets (Figure 4).
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Figure 4: The tablet data entry screen used during reconnaissance and visual survey flying
on the Bathurst June 2018 survey. A GPS waypoint was recorded for each observation. The
unique segment unit number was also assigned by the software for each observation to
summarize caribou density and composition along transect lines.

As each data point was entered, a real-time GPS waypoint was generated, allowing geo-
referencing of the survey observations. Other large animals like moose, muskoxen and

carnivores were also recorded with a GPS location.

North-south oriented transects were divided into 10 km segments to summarize the density
and distribution of geo-referenced caribou counts. The density of each segment was
estimated by dividing the count of caribou by the survey area of the segment (0.8 km strip
width x 10 km = 8 km?). The segment was classified as a breeder segment if at least one
breeding female caribou or newborn calf was identified. Segments were then displayed
spatially and used to delineate strata within the annual concentrated calving area based on

the composition and density of the segments. During the survey, daily weather briefings



were provided by Dr. Max Dupilka (Beaumont, AB) to assess current and future survey

conditions.

Stratification and allocation of survey effort for photographic and visual estimates
The main objectives of the survey were to obtain precise and accurate estimates of breeding

and adult female caribou on the calving ground, and to estimate overall adult herd size. To
achieve this, the survey area was stratified using the results of the systematic reconnaissance
survey, which is a process of grouping areas with similar densities into discrete strata. The
stratum with the greatest caribou density was surveyed by the photo plane, with lower-

density areas designated for visual surveys using a double observer method.
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Figure 5: The northward paths of collared females (May 15 - June 11, 2018) from the
Bluenose-East (red), Bathurst (orange), and Beverly (violet) caribou herds to their 2018
calving grounds.

In this survey, one photo stratum was defined west of Bathurst Inlet where most of the cows
and most of the collared females (12 of 17) were observed. This was similar in size and

location to the photo stratum in the June 2015 calving ground survey (Boulanger et al. 2017).
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Five of the collared Bathurst female caribou showed an unusual movement in the spring that
included a northward movement east of Bathurst Inlet and then a westward shift towards
the Inlet and west of it at the beginning of June (Figure 5). As a result, a few Bathurst collared
cows were found east and west of Bathurst Inlet at the time of the survey. The
reconnaissance survey showed low numbers of caribou just west and east of Bathurst Inlet,
with a majority of the caribou east of the Inlet being bulls and yearlings. We defined two low-

density visual survey blocks, one east of Bathurst Inlet and one west of it.

Once the three survey strata were defined, an estimate of caribou numbers (animals at least
1+ year old) was derived from the reconnaissance data (Jolly 1969). The relative caribou
numbers (and estimated variances) in each stratum were used to allocate survey effort and

determine the numbers of transects to sample within each stratum.

Two approaches for allocation were considered for the aerial survey. First, optimal
allocation was used to assign more effort to strata with higher densities, given that the
amount of variation in counts is proportional to the relative density of caribou within the
stratum. Optimal allocation was estimated using estimates of population size and variance

for each stratum.

If strata were small, allocation was adjusted to ensure an adequate number of transect lines.
For example, empirical results of previous surveys suggested that there should be a
minimum of 10 transects per stratum to have good survey precision; in comparison, about
20 transects has been optimal for higher density areas. In general, coverage should be atleast
15% with higher levels of coverage for higher density strata, for adequate precision. As
populations become more clustered, a higher number of transect lines is required to achieve

adequate precision (Thompson 1992, Krebs 1998).

Photographic Survey of High-density Stratum
GeodesyGroup Inc. aerial survey company (Calgary, AB) was contracted for the aerial

photography in the 2018 June surveys. They used two survey aircraft, a Piper PA46-310P
Jet-prop and a Piper PA31 Panther (Figure 6), each with a digital camera mounted in the

belly of the aircraft. Survey altitude above ground level (AGL) to be flown for photos was
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determined at the time of stratification based on cloud ceilings and desired coverage. To
ensure timely completion, both aircraft were used for the Bathurst photo block and all
photos (Bathurst and Bluenose-East) were taken on June 8 with excellent survey conditions

(blue skies). Coverage on each photo transect was continuous and overlapping so that stereo

viewing of the photographed areas was possible.

igure 6. Pipr P1 Pater aircraft used on Bathurst photo survey in ]e 2018 b
GeodesyGroup Inc.

Caribou on the aerial photos were counted by a team of photo interpreters and supervised
by Derek Fisher, president of GreenLink Forestry Inc., (Edmonton, AB) using specialized
software and glasses that allowed three dimensional (3D) viewing of photographic images.
Two of the authors (J. Boulanger and J. Adamczewski) visited the GreenLink office in
Edmonton to gain greater familiarity with this process in fall 2018. The number of caribou

counted was tallied by stratum and transect.

The exact survey strip width of photo transects was determined using the geo-referenced
digital photos by GreenLink Forestry. Due to differences in topography, the actual strip width
varied slightly for each transect flown. Population size (number of caribou at least one year
old) within a stratum is usually estimated as the product of the total area of the stratum (4)
and the mean density (D) of caribou observed within the strata (N = DA) where density is

estimated as the sum of all caribou counted on transect divided by the total area of transect
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sampling (D=caribou counted/total transect area). An equivalent estimate of mean density
can be derived by first estimating transect-specific densities of caribou ( D; =
caribou;/area;) where caribou; is the number of caribou counted in each transect and areai
is the transect area (as estimated by transect length X strip width). Each transect density is
then weighted by the relative length of each transect line (w;) to estimate mean density (D)
for the stratum. More exactly, D = Y7 D,w; /Y " w; where the weight (wi) is the ratio of the
length of each transect line (I;) to the mean length of all transect lines(w; = [;/1,) and n is
the total number of transects sampled. Using this weighting term accommodates for different
lengths of transect lines within the stratum, ensuring that each transect line contributed to
the estimate in proportion to its length. Population size is then estimated using the standard

formula (N = DA) (Norton-Griffiths 1978).

When survey aircraft first flew north to Kugluktuk on June 1, snow cover on the survey area
was 90% or greater, and in some areas nearly 100%. Over the following ten days, however,
snow melted rapidly and in many areas on June 8, snow cover was highly variable and
patchy. This made spotting caribou by observers in the Caravans challenging, and also made
complete counting of caribou on the aerial photos more difficult. Caribou on snow-free
ground were easy to see, but caribou on small snow patches or on their edges required extra
effort to find. Two approaches were used to address this with the aerial photos: (1) observers
took extra time to search all photos carefully, approximately doubling the time these counts
usually take, and (2) a double observer method was used to estimate sightability of the

caribou on photos for a subset of photos.

The double observer approach used was to systematically resample a subset of photos to
estimate overall sightability in the stratum using a second independent photo interpreter.
This 2-stage approach to estimation, where one stage is used to estimate detection rates that
are then used to correct estimates in the second stage, has been applied to a variety of
wildlife species (Thompson 1992, Barker 2008, Peters et al. 2014). The basic principle was
to systematically resample the photo transects to allow an unbiased estimate of sightability

from a subset of photos that were sampled by two independent observers. Systematic
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samples were taken by overlaying a grid over the photo transects and sampling photos that

intersected the grid points.

This cross-validation process was modeled as a two-sample mark-recapture sample with
caribou being “marked” in the original count and then “re-marked” in the second count for
each photo resampled. Using this approach avoids the assumption that the second counter
detects all the caribou on the photo. The Huggins closed N model (Huggins 1991) in program
MARK (White and Burnham 1999) was used to estimate sightability. A session-specific
sighting probability model was used, allowing unique sighting probabilities for the first and
second photo interpreter to be estimated. Model selection methods were then used to assess
whether there were differences in sightability for different strata sampled. The fit of models
was evaluated using the Akaike Information Criterion (AIC) index of model fit. The model
with the lowest AICc score? was considered the most parsimonious, thus minimizing

estimate bias and optimizing precision (Burnham and Anderson 1998).

Non-independence of caribou counted in photos most likely caused over-dispersion of
binomial variances. The over-dispersion parameter (c-hat) was estimated as the ratio of the
bootstrapped (photo-based) and simple binomial variance. Sightability-corrected estimates
of caribou were then generated as the original estimate of caribou on each stratum divided
by the photo sightability estimate for the stratum. The delta method (Buckland et al. 1993)
was used to estimate variance for the final estimate, thus accounting for variance in the

original stratum estimate and in the sightability estimate.

Visual Surveys of Low-density Strata
Visual surveys were conducted in two low density strata, one west of Bathurst Inlet and one

east of it. The Caravans were used with two observers and a recorder on each side of the
aircraft. The numbers of caribou sighted by observers were entered into the Trimble YUMA

2 tablet computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during

visual surveys. The double observer method involves one primary observer who sits in the

2 The subscript “c” indicates an AIC score that is corrected for small sample sizes.
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front seat of the plane, a secondary observer who sits behind the primary observer, and a
recorder on the same side of the plane. Analysis of the caribou seen by each of the two
observers in each pair allows for an assessment of caribou that were likely missed, and how
sighting probabilities are affected by snow cover, cloud condition and the abilities of
individual observers. A detailed description of the double observer methods, analyses and
results is given in Appendix 1. The methods have also been described in detail in other
calving photo survey reports (e.g. Boulanger et al. 2019). The results were used to estimate
the proportions of caribou that were likely missed, and numbers of caribou estimated on the

two visual survey blocks east and west of Bathurst Inlet were corrected accordingly.

Composition Survey of Caribou on the Calving Ground
The composition survey was carried out June 13-16. Caribou were classified in strata that

contained significant numbers of breeding females (based on the reconnaissance transects)
to estimate proportions of breeding females and other sex and age classes. This survey was
based on aerial and ground-based observations of caribou groups, which provided a more
accurate and representative sampling procedure for caribou composition compared to the
coarse classification criteria applied to caribou groups observed during the reconnaissance
survey. For the composition survey, a helicopter (Aerospatiale A-Star 350 BA) was used to
systematically sample groups of caribou throughout the photographic stratum and the two

visual strata.

Search effort (i.e. helicopter flight hours) was allocated primarily to the high-density
photographic stratum and was distributed within the stratum by developing a
predetermined flight route that systematically covered the stratum, and which was
subsequently loaded in to a portable GPS unit. Caribou groups encountered during the flight
route were classified and their locations stored. The most recent caribou collar locations
were also stored as waypoints in the GPS unit, which permitted the navigator/observer to
ensure that those general areas were searched. By comparing the actual flight track to the
planned route and collar locations, the navigator/observer maintained a systematic search
pattern through the stratum and ensured that a caribou group was classified only once.
Search effort was also distributed within the visual survey strata in a similar manner, but

fewer hours were flown within those two strata.
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Caribou groups that comprised ~<50 individuals were classified from the air by a front-seat
observer using motion-stabilized binoculars. Classified caribou counts were called out to a
rear-seat data recorder who entered the data into a computer tablet. Caribou groups that
were generally greater than 50-100 animals were classified on the ground to minimize
potential disturbance. The pilot landed the helicopter a few hundred meters from the main
group of caribou, upon which the survey team would walk to a suitable position to observe
and sample the animals. Using binoculars or a spotting scope, the observer scanned across
the group(s) to avoid double counting and called out classified caribou to the data recorder.
In larger groups, classification did not include the entire group; the focus was on a

representative sample of each group and on limiting disturbance to caribou.

Caribou were classified following the methods of Gunn et al. (1997) (and see Bergerud 1964,
Whitten 1995) where antler status, presence/absence of an udder, and presence of a calf are
used to categorize breeding status of females (Figure 7). Presence of a newborn calf,
presence of hard antlers signifying recent or imminent calving, and presence of a distended
udder were all considered as signaling a breeding cow that had either calved, was about to
calve, or had likely just lost a calf. Cows lacking any of these criteria and cows with new
(velvet) antler growth were considered non-breeders. Newborn calves, yearlings and bulls

were also classified.
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Figure 7: Classification of females used in composition survey of Bathurst caribou in June
2018. Green-shaded boxes were all classified as breeding females (diagram adapted from
Gunn et al. 1997). Udder observation refers to a distended udder in a cow that has given
birth. Hard antlers are from the previous year, and are distinct from new antlers growing in
velvet.

The number of caribou in each group was summed as well as the numbers of bulls and
yearlings (calves of the previous year) to estimate the proportion of breeding caribou on the
calving ground. Bootstrap resampling methods (Manly 1997) were used to estimate
standard errors (SEs) and percentile-based confidence limits for the proportion of breeding

caribou.

Estimation of Breeding Females and Adult Females
The numbers of breeding females were estimated by multiplying the estimate of total (at

least one year old) caribou on each stratum by the estimated proportion of breeding females
in each stratum from the composition survey. This step basically eliminated the non-
breeding females, yearlings, and bulls from the estimate of total caribou on the calving

ground.

The number of adult females was estimated by multiplying the estimate of total (at least one

year old) caribou on each stratum by the estimated proportion of adult females (breeding
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and non-breeding) in each stratum from the composition survey. This step basically

eliminated the yearlings and bulls from the estimate of total caribou on the calving ground.

Each of the field measurements had an associated variance, and the delta method was used
to estimate the total variance of breeding females under the assumption that the composition

surveys and breeding female estimates were independent (Buckland et al. 1993).

Estimation of Adult Herd Size
Total herd size was estimated using two approaches. The first approach, which had been

used in earlier calving ground surveys, assumed a fixed pregnancy rate for adult females,

whereas the second approach avoided this assumption.

Estimation of Herd Size Assuming Fixed Pregnancy Rate and Estimated Sex Ratio
As a first step, the total number of adult females (at least two years old) in the herd was

estimated by dividing the estimate of breeding females on the calving ground by an assumed
pregnancy rate of 72% (Dauphiné 1976, Heard and Williams 1991). This pregnancy rate was
based on a large sample of several hundred Qamanirjuaq caribou in the 1960s (Dauphiné
1976). The estimate of total females was then divided by the estimated proportion of females
in the herd based on a bull:cow ratio from a fall composition survey conducted in October of
2017, to provide an estimate of total adult caribou in the herd (original methods described
in Heard 1985, Heard and Williams 1991). This accounts for the bulls in the herd, very few
of which are on the calving grounds in June. This estimator assumes that all breeding females
were within survey strata areas during the calving ground survey and that the pregnancy
rate of Bathurst caribou was 72% for 2017-2018. Note that this estimate corresponds to
adult caribou at least two years old and does not include yearlings because yearling female

caribou are not considered sexually mature.

Estimation of Herd Size Based on Estimates of Adult Females and Estimated Sex Ratio
An alternative extrapolated herd size estimator was developed to account for the effect of

variable pregnancy rates as part of the 2014 Qamanirjuaq caribou herd survey (Campbell et
al. 2015), and has been used in other recent calving photo surveys for the Bathurst herd
(Boulanger et al. 2017), as well as the Bluenose-East herd (Adamczewski et al. 2017,

Boulanger et al. 2019). This estimator first uses data from the composition survey to
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estimate the total proportion of adult females (breeding and non-breeding) and the numbers
of adult females in each of the survey strata. The estimate of total adult females is then
divided by the proportion of adult females (cows) in the herd from one or more fall
composition surveys. This accounts for the bulls in the herd, very few of which are on the
calving grounds in June. Using this approach, the fixed pregnancy rate is eliminated from the
estimation procedure. Pregnancy rates do vary depending on cow condition (Cameron et al.
1993, Russell et al. 1998). This estimate assumes that all adult females (breeding and non-
breeding) were within the photographic and visual survey strata during the calving ground
survey. [t makes no assumption about the pregnancy rate of the females and does not include

the yearlings.

In calving ground photographic surveys since the 2014 Qamanirjuaq survey (Campbell et al.
2015), the estimate of females based on total adult females on the calving ground survey
area, and adjusted for the bull:cow ratio from a recent fall survey, has become the preferred
way for Government of the NWT (GNWT) Department of Environment and Natural
Resources (ENR) of estimating herd size from these surveys. With the current sample of
collared cows and extensive flying, it has become possible to reliably define the full
distribution of the females in the Bathurst herd. Using survey-specific estimates of breeding
and non-breeding cows, together with a recent estimate of herd sex ratio, is considered a
more robust method of extrapolating to herd size, rather than assuming a constant
pregnancy rate that ignores this source of variation. This method also increases the precision

of the overall herd estimate.

Trends in Numbers of Breeding and Adult Females
As an initial step, a comparison of the estimates from the 2015 and 2018 surveys was made

using a t-test (Heard and Williams 1990), with gross and annual rates of changes estimated

from the ratio of estimates.

Longer term trends 2010-2018 were estimated using Bayesian state space models, which
are similar to previously used regression methods (Ordinary Least Squares, OLS, as
described in Boulanger et al. 2011). However, hierarchical Bayesian models allow more

flexible modeling of variation in trend through the use of random effects (Humbert et al.
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2009, Kery and Royle 2016). This general approach is described further in the demographic
model analysis in the next section. An underlying exponential rate of change was assumed
with estimates of A (where A=Nw1/Nt). If A=1 then a population is stable; values > or <1

indicate increasing and declining populations. The rate of decline was also estimated as 1-A.

Survival Rate Analyses from Collared Cows
Collar data for female caribou 1996-2018 were compiled for the Bathurst caribou herd by

GNWT ENR staff. Fates of collared caribou were determined by assessment of movement of
collared caribou, with mortality being assigned to collared caribou based on lack of collar
movement that could not be explained by collar failure or device drop-off. The data were
then summarized by month as live or dead caribou. Caribou whose collars failed or were
scheduled to drop off were censored from the analysis. Data were grouped by “caribou years”
that began during calving of each year (June) and ended during the spring migration (May).
The Kaplan-Meier method was used to estimate survival rates, accounting for the staggered
entry and censoring of individuals in the data set (Pollock et al. 1989). This approach also
ensured that there was no covariance between survival estimates for the subsequent

demographic model analysis.

Demographic Analyses: Bayesian State Space Integrated Population Model (IPM)
One of the most important questions for the Bathurst herd was whether the adult female

segment of the population had declined since the last survey in 2015. The most direct
measure that indicates the status of breeding females is their survival rate, which is the
proportion of breeding females that survive from one year to the next. This metric, along
with productivity (proportion of calves produced per adult female each year that survive
their first year of life) largely determines the overall population trend. For example, if
breeding female survival is high then productivity in previous years can be relatively low
and the overall trend in breeding females can be stable. Alternatively, if calf productivity is
consistently high, then slight reductions in adult survival rate can be tolerated. The
interaction of these various indicators can be difficult to interpret and a population model

can help increase understanding of herd demography.
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We used a Bayesian state space IPM (Buckland et al. 2004, Kery and Schaub 2012) based
upon the original (OLS) model (White and Lubow 2002) developed for the Bathurst herd
(Boulanger et al. 2011) to further explore demographic trends for the Bathurst herd. This
work was in collaboration with a Bayesian statistician/modeller (Joe Thorley-Poisson
Consulting) (Thorley 2017, Ramey et al. 2018, Thorley and Boulanger 2019). We note that
the underlying demographic model used for the hierarchical Bayesian state space model is
identical to the previous OLS model. However, the Bayesian IPM method provides a much
more flexible and robust method to estimate demographic parameters that takes into
account process and observer error. One of the biggest differences is the use of random
effects to model temporal variation in demographic parameters. A random effect flexibly and
efficiently captures the variation in a parameter by assuming it is drawn from a particular
underlying distribution. This contrasts with the OLS method where temporal variation was
often not modeled or modeled with polynomial terms which assumed an underlying
directional change over time. Appendix 2 provides details on the Bayesian IPM state space

modeling, including the base R code used in the analysis.

We used breeding female estimates, as well as calf-cow ratios, bull-cow ratios (Cluff et al.
2016, Cluff unpublished data), estimates of the proportion of breeding females, and adult
female survival rates from collared caribou to estimate the most likely adult female survival
values that would result in the observed trends in all of the demographic indicators for the
Bathurst herd. Calf-cow ratios were recorded during fall (late October) and spring (late
March - April) composition surveys whereas proportion of breeding females was measured
during June composition surveys conducted on the calving ground. Proportion of females
breeding was estimated as the ratio of breeding females to adult females from each calving

ground survey.

The Bayesian IPM is a stage-based model that divides caribou into three age-classes, with
survival rates determining the proportion of each age class that makes it into the next age
class (Figure 8); this structure is identical to the OLS modeling (Boulanger et al. 2011) used

previously on the Bathurst and Bluenose-East herds.
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Figure 8: Underlying stage matrix life history diagram for the caribou demographic model
used for Bathurst caribou. This diagram pertains to the female segment of the population.
Nodes are population sizes of calves (N¢), yearlings (Ny), and adult females (Nr). Each node
is connected by survival rates of calves (Sc), yearlings (Sy) and adult females (Sf). Adult
females reproduce dependent on fecundity (Fa) and whether a pregnant female survives to
produce a calf (Sf). The male life history diagram was similar with no reproductive nodes.

We used the entire Bathurst demographic data set that started in the 1980s (Boulanger et al.
2011, Boulanger 2015) for the analysis but focused modeling efforts and inference on the
more recent years, i.e.,, since 2014. The timeline of recruitment relative to survey years is
illustrated in Table 1. It was assumed that a calf born in 2010 would not breed in the fall after
it was born, or the fall of its second year, but it could breed in its third year (see Dauphiné
1976 for age-specific pregnancy rates). It was considered a non-breeder until 2013. Calves
born in 2014 and 2015 had the most direct bearing on the number of new breeding females
on the 2018 calving ground that were not accounted for in the 2015 breeding female

estimate.

22



Table 1: A schematic of the assumed timeline 2011-2018 in the Bayesian IPM analysis of
Bathurst caribou in which calves born are recruited into the breeding female segment (green
boxes) of the population. Calves born prior to 2013 were counted as breeding females in the
2013 and 2015 surveys. Calves born in 2014 and 2015 recruited to become breeding females
in the 2018 survey.

Calf Surveyyears
Born 2011 2012 2013 2014 2015 2016 2017 2018

non-
2010 | yearling breeder breeder breeder breeder | breeder | breeder | breeder
non-
2011 | calf yearling | breeder | breeder | breeder | breeder | breeder | breeder
non-
2012 calf yearling | breeder | breeder | breeder | breeder | breeder
non-
2013 calf yearling | breeder | breeder | breeder | breeder
non-
2014 calf yearling | breeder | breeder | breeder
non-
2015 calf yearling | breeder | breeder
non-
2016 calf yearling | breeder

One potential issue with comparison of survival rates across years was that the Bathurst
herd had significant harvest until 2010, which reduced survival rates. We therefore added
harvest rate to the model based on harvest estimates compared to estimate cow and bull
abundance each year. Figure 9 shows the rates used which show an increasing harvest rate
up to 2010, when harvest was reduced significantly. The harvest numbers, estimated cow

and bull population sizes are given in Appendix 2.
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Figure 9: Harvest rates used as inputs into the demographic model. See Appendix 2 for
actual harvest numbers and rates used in the model.

In 2018, three of 11 known Bathurst cow collars calved on the Queen Maud Gulf/Beverly
calving ground which likely reduced the estimates of Bathurst breeding females used as an
input of the model. The demographic model defines the Bathurst caribou herd as the
population of caribou that utilized the Bathurst calving ground in the previous year (i.e.
2017). Collared caribou are included in the survival analysis if they utilized the Bathurst
calving ground previously or if they were collared in 2018 in the vicinity of known Bathurst
cows. In this context, the estimated survival rates from the demographic model are
potentially influenced by emigration to the Queen Maud Gulf of adult cows. More precisely,
the observed survival of cows is a function of both true survival and fidelity of cows to the
calving ground. Low sample sizes of known Bathurst collared cows (11 in 2018) as well as
high historic fidelity of caribou to the Bathurst calving ground challenged modeling of cow
fidelity. We conducted a sensitivity analysis where the demographic model was run with and
without the 2018 estimate to determine how much the 2018 emigration event might have
affected demographic parameters. Of most interest was the estimate of cow survival,
however of additional interest was the resulting estimate of adult cows when the 2018
estimate and emigration event were not part of the input data set, as described in the next
section. As discussed later, more elaborate methods to model fidelity of caribou will be

considered in future modeling efforts.
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Estimation of Bathurst herd, including caribou that emigrated to Queen Maud Gulf

The estimates of adult females and herd size for the Bathurst herd in 2018 were influenced

by movement of known Bathurst cows to the Queen Maud Gulf/Beverly calving ground. Of

interest was the potential size of the Bathurst herd if this emigration event had not occurred.

We used three approaches to initially assess how emigration of Bathurst cows to the Queen

Maud Gulf coastal calving area may have influenced the Bathurst herd estimate.

1)

2)

3)

The ratio of known Bathurst collared caribou calving in the Bathurst Inlet calving
ground to total known Bathurst collars (8/11=0.727) provides a simple estimate of
fidelity to the calving ground. Dividing the adult female estimate for the Bathurst
calving ground by fidelity is therefore one estimate of total Bathurst adult females,

including those occurring in the Queen Maud Gulf.

The Lincoln-Petersen mark-recapture estimator (NLp) has been applied using
proportion of collars in the survey area to estimate herd size for the Dolphin Union
herd (Dumond and Lee 2013). The Lincoln-Petersen formula is Nip=
(((M+1)*(C+1))/(R+1))-1. In this case, M equals the number of known female collared
caribou (11), R equals the number of known collared female caribou detected in the
calving ground area (8), and C equals the estimate of total adult cows (Nar;) (Seber
1982, Krebs 1998). We used a variance estimator proposed by Innes et al.,, (2002)
that considers both variance in the proportion collars and the adult female estimate
(var(N.p) = N2 (CV?(pLp) + CV?(Nyp)) where CV2=(var(x)/x2). The variance of
the Lincoln-Petersen estimate of capture probability (p.r) was estimated based on the
hypergeometric probability distribution, which is assumed with the Lincoln Petersen
estimator (Thompson 1992). This estimator is a variation on the first estimator

above.

The Lincoln-Petersen estimator of adult females was challenged by the low sample
size of known Bathurst herd collared caribou (11) and therefore results should be
interpreted cautiously. An alternative estimate of caribou was derived using the

demographic model with the 2018 breeding female estimate not included in the input
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data set. This amounts to a projection of likely herd size if no emigration had occurred
and all Bathurst cows calved on the traditional Bathurst calving ground. In this case
an extrapolated herd estimate was only influenced by collar survival rates, previous
survey estimates, and composition survey results, thus the estimate was not
influenced by emigration of adult cows to the Queen Maud Gulf coastal calving area.
This estimate was compared to the demographic model’s projected 2018 estimate of

COWS.
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RESULTS

Survey conditions
Weather conditions were challenging due to the late spring with higher than normal snow

cover in most of the annual concentrated calving area (Figure 10). At the beginning of the
survey on June 1, snow cover was more than 90% in most areas but snow melted rapidly
during the first 10 days of June. On June 8 and 9, snow cover varied between ten and 80%.
Most areas had about 50% snow cover and much of it was a “salt-and-pepper” patchy mosaic.
This made caribou more difficult to see. We reasoned, however, that aerial photo coverage
of the one main concentration of calving cows would still provide an accurate estimate that
would account for at least 80% of the female caribou in the survey area. The rationale was
that caribou would still be reliably seen on high-resolution photos that could be searched
carefully and repeatedly with a 3D projection. In addition, the sightability of caribou on

photos could be estimated using independent observers.
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Figure 10: Photos of variable Bathurst survey conditions during visual surveys near
Bathurst Inlet on June 9, 2018, the day after photo surveys were conducted (photos J.
Adamczewski). Snow cover in most areas was patchy and ranged from about 80% (top right)
to about 10% (bottom right). A view of Bathurst Inlet is shown at top left.

Movement Rates of Collared Female Caribou
The locations of 17 collared female caribou that occurred in or around the Bathurst survey

area were monitored throughout the June survey to assess movement rates. The peak of

calving is considered close when the majority of collared female caribou exhibit movement
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rates of less than 5 km/day (Gunn and Russell 2008). Using this parameter, we surmised that
the peak of calving was near on June 8, when mean daily movement rates were on average
below 5 km for the radio collared caribou (Figure 11). Movement rates remained below 5
km/day for the next week. The peak of calving was further verified from observations of

substantial numbers of cows with calves from the visual survey flying on June 8 and 9.

gm- ... I A | ' oo & |
PP R WT ueaucp@t?

May 14 May 21 May 28 Jun 04 Jun 11
Date

Figure 11: Movement rates of female collared caribou (n=17) on or around the Bathurst
calving ground before and during calving in June 2018. The boxplots contain the 25t and
75t percentile of the data with the median shown by the central bar in each plot. The ranges
up to the 95t percentile are depicted by the lines with outlier points shown as larger dots.
The red line indicates a movement rate of 5 km/day. The movement rates of collared cows
on June 8, the date of the photo survey, are highlighted in red. Visual strata were surveyed
on June 8 and 9.

Collared Caribou Movements Leading up to June 2018 Survey
Our objectives for the reconnaissance survey were to map the distribution of adult and

breeding females and define the concentrated calving area for the Bathurst herd. Collar
movements and initial reconnaissance flying demonstrated an unusual distribution of

caribou in the Bathurst Inlet area, which affected the way in which the Bathurst survey was
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designed and flown. An explanation of these collar movements with a sequence of maps is

given here to explain the survey design.

In most years, Bathurst collared cows are largely moving northward from wintering areas,
and by early June the Bathurst cows are well separated from Bluenose-East cows that calve
west of Kugluktuk and Beverly cows that calve well east of Bathurst Inlet (Figure 12).In 2015
and 2016 the Bathurst herd showed these typical patterns. In 2017 the Bathurst herd was
well mixed with the Bluenose-East herd, as shown by the southern ends of the collar trails
that diverged in May and June, but cows separated well by the beginning of June. There was
also substantial winter mixing of the Bathurst collared cows with Beverly collared cows,
most Bathurst cows wintered on the tundra, and some wintered east of Bathurst Inlet. In
spring 2017, 5 collared Bathurst cows whose 2016 June locations were on the usual Bathurst
calving ground were initially east of Bathurst Inlet, but all 5 cows moved west of Bathurst

Inlet in early June 2017 (Figure 13).
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Figure 12: Spring migration paths of collared females from the Bluenose-East (blue),
Bathurst (red) and Beverly (green) herds in 2015, 2016, 2017 and 2018 May 1 - June 10 of
each year. The circles represent mean collared locations in the first two weeks of June for
each year. Note that in June 2018 three of the known Bathurst collars (red dots) were in the
main cluster of Beverly collars (blue dots); these are more easily seen in Figure 15b. Collar
data are from GNWT and GN.
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Figure 13: Spring migration paths of five collared Bathurst cows May 1 - June 15, 2017. All
five cows were known to have been on the traditional Bathurst calving ground in June 2016.
All wintered on the tundra and three wintered south or east of Bathurst Inlet with Beverly
collared cows. Beverly collars are omitted for clarity.

In winter 2017-2018, collared Bluenose-East caribou wintered well separated from the
Bathurst herd but Bathurst collared cows and bulls were well mixed with Beverly cows and
bulls all winter (Figure 14). Bathurst collared cows all wintered on the tundra and some were
east of Bathurst Inlet through the winter. In the spring, migration paths of Bathurst and
Beverly collared cows showed continued mixing, with some Bathurst cows moving north
into the main Beverly calving area (Figures 15a and 15b). Further south, collared Bathurst
and Beverly bulls in the spring of 2018 also showed continued mixing and some movement

into the Queen Maud Gulf area (Figure 16).
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Figure 14: Winter locations (March 15, 2018) of Bluenose-East collared cows (18) and bulls

(18) in purple, Bathurst cows (10) and bulls (10) in red, and Beverly cows (23) and bulls
(12). The Bathurst and Beverly herds were mixed throughout winter 2017-2018.

Bathurst collared cows (red) and 19 known Beverly cows (green). Purple dots are March 15
locations and indicative of wintering areas; black dots are June 16 locations.
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Figure 15b: Spring migration paths May 1 - June 16, 2018 of 11 known Bathurst collared
cows, in relation to June 2018 Bathurst calving ground survey area. Eight collared Bathurst
cows were within the Bathurst strata during the survey, while three were in the Queen Maud
Gulf coastal calving area. Beverly collars are omitted for clarity. Light green dots were during
the June 4-10 reconnaissance survey, red dots were at time of photo and visual flying, and

purple dots were during the composition survey June 13-16.
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Figure 16: Spring movements (March 15 - June 16) of eight known Bathurst collared bulls
and 11 known Beverly collared bulls in 2018.

For clarity, the movements of the 11 known Bathurst collared females are shown separately

(Figure 15b). Of the 11 collared cows that were known to have calved on the Bathurst calving
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ground in 2017 or earlier, three moved well east of Bathurst Inlet and into the main calving
area of the Beverly herd based on collared cows and the GN survey in June 2018. These three
did not return to the calving ground that the Bathurst herd has used consistently since 1996,
in June or thereafter. The remaining eight known collars were either west of Bathurst Inlet
in the area the herd has calved in since 1996, or in the Bathurst Inlet area during the June
survey period. There were an additional nine newly collared cows (collared winter 2017-
2018) that were in the Bathurst Inlet area, thus 17 collared cows total in the Bathurst Inlet
area. Of these 17, 12 were west of Bathurst Inlet in the traditional Bathurst calving area and
five were east and west of the Inlet on June 8 (the day of the photo survey). These five showed

a general westward movement during the initial two weeks of June (Figure 15b).

A further consideration in designing the Bathurst survey area was the observations from GN
biologist M. Campbell and NU Tunngavik Incorporated (NTI) biologist D. Lee (pers. comm.)
east of Bathurst Inlet, that showed consistent caribou trails in the snow from their first two
survey lines with those trails moving westward. Further east, by contrast, all the caribou
trails were more heavily used and led in a northeast direction, which followed the
movements of the known Beverly cows to the central and eastern Queen Maud Gulf coastal

calving area (Figure 15a).

Reconnaissance Survey to Delineate Strata
One Caravan based at the Ekati diamond mine flew the entire Bathurst reconnaissance

survey June 4-10, 2018. The initial focus was on the areas with collared cows, and thereafter
outlying areas were flown. Two other Caravans were based in Kugluktuk but these aircraft
were unable to fly June 2-5 due to fog and low cloud in the Kugluktuk area. June 6-8 these
two Caravans were primarily occupied with the Bluenose-East survey. A single day of clear
weather with blue skies occurred on June 8, and on this day the Bathurst (one) and Bluenose-
East photo blocks (two) were flown. The two Bathurst visual strata were surveyed on June 8
and 9, with one of the Kugluktuk Caravans assisting with covering the Visual East stratum. A

summary of the fixed-wing flying on the Bathurst June 2018 survey is given in Table 2.
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Table 2: Summary of reconnaissance and visual survey flying on the June 2018 Bathurst
calving ground survey.

Date Caravan 1 (Ekati) Caravan 2 (Kugluktuk)
June 1 Arrive Ekati Arrive Kugluktuk
June 4 Recon of core area at 10 km spacing ~ Grounded (weather)
June 5 Recon of core and surrounding area Grounded (weather)
June 6 Recon of areas south and east of core Bluenose-East survey
area
June 7 Grounded (weather) Grounded (weather)
June 8 Bathurst visual west block survey Bluenose-East survey
June 9 Bathurst visual east block survey Bathurst visual east block survey
& lines between Bathurst and
BNE
June 10 Recon lines to the west of Ekati & Recon lines to the East of
return to Yellowknife Kugluktuk &  return  to
Yellowknife

Considering the collar movements of Bathurst and Beverly collared cows, the results of the
Bathurst reconnaissance survey and the reconnaissance survey observations of the NU
biologists, we reasoned that the Bathurst herd’s main calving concentration as in past years
was west of Bathurst Inlet with most of the collared Bathurst cows (12 of 17 in the Bathurst
Inlet area) and that area should be the focus of the aerial photography. We reasoned further
from the locations and movement patterns (generally westward) of the other 5 collared
Bathurst cows just east and west of Bathurst Inlet, along with the westward-moving caribou
trails reported by NU biologists, that a smaller portion of the Bathurst herd’s cows were east
and west of Bathurst Inlet, in much lower numbers, and these areas should be visual strata
for the Bathurst survey. All known Beverly collared cows were by June 8 far east of Bathurst
Inlet (Figure 15a), so it appeared there had been a separation of the two herds just east of
Bathurst Inlet. The movement of three of the 11 known Bathurst cows to the main Beverly
calving concentration in the Queen Maud Gulf, while based on a limited sample, suggested
that a portion of the Bathurst herd’s cows may have emigrated to join that herd (Figures 15a

and 15b).

Reconnaissance flying included the areas west and east of Bathurst Inlet and all collared

cows in the area (Figures 17a and 17b). Areas north, west and east were also flown
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extensively to make sure that no significant numbers of cows were missed. In the east, our

reconnaissance lines adjoined the easternmost lines of the GN Beverly survey.
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Figure 17a: Reconnaissance survey of the Bathurst calving ground in June 2018 with
densities of caribou seen. White squares are from areas where no caribou were seen, grey
squares are from low-density areas (< 1 caribou/km?), and blue squares are from medium
density areas (1-9.9 caribou/km?). Gold stars show locations of collared female caribou on
June 8. One caribou in the lower visual east did not return a location for June 8 and the June
7th]ocation is shown. Full movement paths of collared caribou during the survey are shown
in later sections of the report. Transects east of Bathurst Inlet were from the first day of flying

on the GN Beverly survey in June 2018, courtesy of M. Campbell and D. Lee.
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Figure 17b: Reconnaissance survey of the Bathurst calving ground in June 2018 with
composition of caribou seen. Areas with cow-calf groups are red, areas with antlered cows
are light green, and areas with non-breeders (non-breeding cows, bulls and yearlings) are
blue. Gold stars are collared female caribou. Transects east of Bathurst Inlet were from the
first day of flying on the GN Beverly survey in June 2018, courtesy of M. Campbell and D. Lee.

Stratification: Photo Stratum and Visual Strata
One photo stratum was defined for the Bathurst 2018 survey (Figures 17a and 17b), which

included the majority of adult and breeding females and 12 of 17 collared cows in the survey
area. This block was similar in size and location to the Bathurst photo block in June 2015
(Boulanger et al. 2017). Two lower density visual blocks were also defined: a Visual West

block west of Bathurst Inlet and a Visual East block east of Bathurst Inlet.

Photo Stratum
With photo planes using high-resolution digital cameras, it is possible for the planes to fly at

different altitudes. Flying at a higher altitude increases the strip width and reduces the
number of pictures but also reduces the resolution of the pictures as indexed by ground

sample distance (GSD). GSD is a term used in aerial photography to describe the distance
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between pixels on the ground for a photo sensor. In practical terms, the GSD for the aerial

photos used in this survey translates into strip width and elevation AGL as follows (Table 3).

Table 3: GSD for photo sensor used on Bathurst June 2018 caribou survey, along with
associated elevation AGL and photographed ground transect strip width. Typical elevation
and strip width used in earlier film photo surveys are included for reference.

GSD (cm) Elevation AGL (feet) Strip
width in
m
4 2,187 692
5 2,734 866
6 3,281 1,039
7 3,828 1,212
8 4,374 1,385
9 4,921 1,558
10 5,468 1,731
Film Photos 2,000 914.3

With blue skies on June 8, the Bathurst photo stratum was flown at GSD 7 (average elevation

3,828 ft. (1,167 m) AGL) and a total of 1,715 photos were taken (Table 4, Figure 18).
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Table 4: Stratum dimensions, transect dimensions, photo numbers and ground coverage for
Bathurst photo survey block in June 2018. Actual coverage and photo numbers are in bold

and underlined.

Photographic stratum Photos at GSD Coverage at GSD
dimensions (Elevation AGL in feet)
Area  Average Transects Total transect 5 6 7 5 6 7
(km?)  Transect Sampled length (km) (2,734) (3,281) (3,828)
Width
(km)
1,159 35 15 525 2,389 2,003 1,715 40% 48% 56%
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Figure 18: Composite photo block west of Bathurst Inlet flown on June 8, 2018. The Hood
River valley can be seen in an east-west direction in the upper half of the survey block.
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Visual strata
The Bathurst reconnaissance survey was flown June 4-10 by a single plane based at Ekati.

Given forecasted weather conditions for June 8 and 9, visual survey flying was designed to
allow strata to be flown within two days, with one plane for the Visual West stratum and two
planes for the Visual East stratum. Estimates of density from the reconnaissance data
suggested that each stratum had relatively equal low densities of caribou (0.15 and 0.13
caribou/km? for west and east strata respectively) and therefore allocation of effort was
similar for the two strata. Based on logistics 12 and 18 transects were flown in the west and
east strata with resulting levels of coverage of 16 and 18% respectively. Dimensions of photo

and visual strata are in Table 5.

Table 5: Final dimensions of photo and visual strata for the 2018 Bathurst calving photo
survey.

Stratum Total # Area of Average Transect Coverage
Transects Sampled stratum Strip area
Possible Transects (km?2) width (km?)
(km)

Photo 27 15 1,227.3 1.294 682.7 56%
West 12 12 2,305.6 0.8 368.3 16%
Visual

East 18 18 4,661.9 0.8 824.5 18%
Visual

Movements of collared caribou within and between reconnaissance and photo/visual
blocks
As described earlier, 17 active cow collars were in the Bathurst Inlet area during the June

2018 survey, transmitted locations daily, and were used for survey planning. Twelve of these
were in the photo stratum for the duration of the visual/photo survey (Figure 19). One
collared cow moved from the Visual West to the Visual East stratum during the survey
period, two were contained within the Visual East stratum and two moved out of the Visual
East stratum during the visual survey. There was no location given for one of the caribou on
June 8, however, it occurred in the stratum on June 7 but was out of the stratum on June 9. It

was likely in the stratum during the survey based on the midpoint of the June 7 and June 9
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locations (Figure 19). We note that reconnaissance flying to the south of the three survey
blocks showed extremely low numbers of caribou present. Three additional collared cows
had moved into the main Beverly calving ground far to the east and are not shown on this

map.

Bathurst 2018 survey
Female collar locations
«  06/05/18 (Recon)
+ (06/06/18 (Recon)
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* 06/08/18 (Photo & Visual West)
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Strata
[ ehoto
2] visual east
0 visual west

Figure 19: Locations of collared Bathurst female caribou and movements from the
reconnaissance phase (June 5-7), photo survey (June 8t) and visual survey of the east
stratum on June 9th. One collar near the south end of the Visual East block did not report a
location on June 8, so no star is shown.

Collared caribou that had movement rates of greater than 5 km/day were mainly located
within the central regions of strata, suggesting that the strata contained the range of caribou
movements as indicated by collared caribou. The one collared cow south of the visual strata
during the survey was in an area where almost no caribou were seen during the

reconnaissance flying (see Figure 17).

In general, the observations of caribou in the Visual East and Visual West blocks confirmed

the low numbers found during the reconnaissance survey (Figure 20).
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Figure 20: Map of Bathurst June 2018 survey blocks showing the locations of caribou groups
seen in the photo block from photos and in the visual blocks from observations June 8 and 9.
Relative group sizes for the visual blocks are shown as varying sizes of circles, but not for the
groups seen in the photo block (too many).

Estimates of Caribou on Photo Stratum: Sightability
Photo interpreters found that the sightability of caribou on photos was influenced by snow

cover. If the ground was bare caribou were readily visible (Figure 21), however, caribou
were not as easy to see with patchy snow, particularly when caribou were at the edges of
snow patches. Overall, it took nearly twice as long to count the 2018 aerial photos (Bathurst
and Bluenose-East) as in the last photo surveys in 2015 when the ground was predominantly
bare (D. Fisher, GreenLink Forestry Inc., pers. comm.), to allow for comprehensive searching

of all photos.
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Figure 21: A zoomed-in portion of one of the Bathurst aerial photos from June 2018 survey.

Most caribou and their shadows are readily visible. A caribou on the edge of a snow patch in
bottom left corner is less clearly visible. There are 23 caribou on this photo.

Initial quality control of photo counting was carried out by D. Fisher re-counting several
hundred of the Bathurst and Bluenose-East photos counted by his staff. In addition,
sightability of caribou on photos was estimated by having a 2nd observer from GreenLink
Forestry independently re-count caribou on a subset of photos, without knowing what the
first observer had found. The second observer was Derek Fisher, who is the most

experienced observer of aerial photographs at the company.
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The photo survey transect lines were resampled systematically using transects
perpendicular to the original photo-plane transects. Two phases of sampling were
conducted. In the first phase, transects were sampled regardless of whether caribou were
detected in the original counts. In the second phase, photos closest to the first phase transect
line that contained caribou in the first phase were resampled. Using this approach, we tested
whether all caribou were detected on photos even when they were not detected originally.
The second phase still was a systematic sample but increased the sample size of photos with
caribou counts, which were most useful for cross validation purposes. Figure 22 shows the

photo resampling design.

Bathurst photo cross-validation
Photos counts.
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Figure 22: Systematic sampling design for cross validation of photos for the Bathurst June
2018 calving ground survey.

Overall, 161 photos were recounted, of which 87 contained caribou. Seventy-four additional
caribou were counted in the second count, with a corresponding ratio of original to second
count of 0.842 (Table 6). One assumption in this comparison is that the first and second
counter were counting the same caribou on a given photo. To test this assumption the
distances between points of counted caribou in the first and second count was measured in

GIS to identify any counted caribou that were a further distance from the original counts.
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This process did not identify any new caribou. One caribou was counted on a photo during
the original counts but not counted in the second count. An additional 228 photos were re-
sampled by similar means as part of the Bluenose-East June 2018 survey, with similar results

(Boulanger et al. 2019).

Table 6: Summary of photo cross validation data set for Bathurst June 2018 aerial photos.
The ratio of the original count to second count is an estimate of photo sightability.

Original | Second New caribou Caribou not Original
count count counted in detected in count/second
second count second count count
393 467 74 1 0.842

This cross-validation process can be modeled as a two sample mark-recapture sample with
caribou being “marked” in the original count and then be “re-marked” in the second count.
Using this approach avoids the assumption that the second counter detects all the caribou
on the photo. The Huggins closed N model (Huggins 1991) in program MARK (White and
Burnham 1999) was then used to estimate sightability. Table 7 below gives the results with
the sightability from the first counter being very close to the ratio of the original to second
count. The reason for this is that the second counter only missed one caribou not originally

counted and therefore his sightability score was very high.

Table 7: Estimates of sightability for the first and second counters on the Bathurst June 2018
aerial photos, from the Huggins closed N model.

Counter Estimate SE LCI UCI Ccv
First 0.841 0.017 0.805 0.872 2.01%
Second 0.997 0.003 0.982 1.000 0.25%

The variance estimate from program MARK assumes that all caribou counted are
independent, which is likely violated given that in many cases caribou occurred in larger

groups. The violation of this assumption leads to over-dispersion of binomial variances and
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a resulting negative bias. To confront this issue, we used a bootstrap method (Manly 1997)
that bootstrapped based on caribou counted on photos. The assumption in this case is that
counts of caribou on each photo are independent rather than all caribou counted being
independent. The resulting estimate of SE was 0.042 with a coefficient of variation (CV) of
4.7% which is more realistic, and this was used for subsequent calculations. Future photo
counting efforts should classify counted caribou in groups to allow more focused methods of

estimating sightability variance.

Estimates of Total Caribou in Photo Stratum
Table 8 below gives the initial estimates of caribou in the photo stratum and the estimates

adjusted for photo sightability. We also corrected the initial estimates for differential strip
widths, as was done in the 2015 surveys. The photo-sightability estimate was calculated as
the initial estimate divided by photo sightability. Variance for the photo sightability was
calculated using the delta method (Buckland et al. 1993). The resulting estimate was about
800 caribou (16%) higher than the non-adjusted estimate.

Table 8: Initial estimates of abundance in survey strata, estimated photo sightability and
corrected estimates of abundance with photo sightability for Bathurst June 2018 calving
photo survey.

Initial estimate of N Photo sightability Photo-sightability
(not corrected) corrected N estimate
N SE cv p SE cv N SE Ccv
4,245.7 | 580.34 | 0.136 | 0.842 | 0.042 | 0.050 | 5,043.4 | 734.5 | 0.146

Double Observer Analysis and Estimates of Total Caribou in Visual Strata
Detailed descriptions of the double observer methods and results are provided in Appendix

1. Data from both the Bathurst and Bluenose-East surveys were combined as some survey
crews flew portions of both surveys. Overall, double observer corrected estimates (using the
MRDS R package) were about 5% higher than non-double observer estimates. Precision was

lower than for uncorrected count-based estimates but still acceptable (Table 9).
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Table 9: Standard strip transect and corrected double observer model estimates of caribou
on Bathurst visual strata in 2018.

Stratum  Caribou Standard estimate Double observer corrected
estimate
counted Estimate SE Ccv Estimate SE Confidence Cv
interval
Visual 88 551 132.1 24.0% 567 140.50 332 970 24.8%
West
Visual East 220 1,244 286.7 23.0% 1,309 332.70 773 2,216 25.4%
Total 369 1,795 151.7 17.6% 1,877 360.9 1,265 2,783 19.2%

Estimates of Total Caribou on the Calving Ground
The estimate of total caribou at least one year old on the calving ground (6,919) is given in

Table 10 below. The CV was slightly high due to the aggregation of caribou (clumped
distribution) in the photo stratum as well as the added variance from estimating sightability

of caribou on the photos.

Table 10: Estimates of caribou numbers (at least one year old) in photo and visual Bathurst
strata in June 2018. These are corrected for sightability.
Strata N SEN Conf. Limit Cv Density
Photo 5,043 7345 3,696 6,881  0.146 4.11
West Visual 567 140.5 332 970 0.248 0.24
East Visual 1,309 3327 773 2,216  0.254 0.27
Total 6,919 8185 5415 8,843 0.118
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Composition Survey in June 2018
A composition survey was conducted in the Bathurst survey area June 13-16, which was five

to eight days after the photo and visual survey. Review of the locations of collared females
suggested that minimal movement occurred during this time with collared females inside
the photo stratum on June 8 remaining within it (Figure 23). One additional collared cow
that was south of the photo stratum on June 8 moved into this stratum, thus the composition
survey results were still representative of the distribution of Bathurst caribou females. In
addition, daily movement rates for Bathurst collared cows were below 5km/day on June 8

and remained there the following week (Figure 11).
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Figure 23: Locations of collared females between the dates of the Bathurst photo and visual
strata flown June 8 and 9, and the composition survey flown June 13-16.

49



The composition survey systematically covered the photo stratum (Figure 24), which
confirmed stratum boundaries and showed that most breeding cows were contained within
this stratum. The Visual West block had some cow-calf groups and a higher proportion of
non-breeding cows than the photo block. The Visual East stratum mainly contained bulls,
yearlings and a few non-breeding cows. The numbers of breeding cows, non-breeding cows,

yearlings and bulls within each stratum are listed in Table 11.
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Figure 24: Helicopter flight paths and caribou groups classified during calving ground
composition survey of Bathurst caribou, June 13-16, 2018. The size of the pie charts is
proportionate to the number of caribou classified in a group. Proportions of age-sex classes
make up the individual pie sections.
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Table 11: Summary of composition survey results on Bathurst calving ground June 2018 in
photo and visual strata.

Stratum # Adult females Yearlings Bulls Total
groups caribou
(1yr+)
Total breeding non-
breeding
Photo 80 1,517 1,134 383 242 0 1,759
Visual East 38 46 20 26 33 36 115
Visual West 52 135 72 63 94 34 263

Estimates of the proportions of adult females and breeding females were then derived with

variance and confidence limits estimated via bootstrap methods (Table 12).

Table 12: Proportions of breeding females and adult females from composition survey on
Bathurst calving ground June 13-16, 2018. Proportions are expressed as percentages of
caribou at least one year old.

Stratum Estimated SE Confidence Limit
Proportion (Upper and Lower)

Breeding females
Photo 0.645 0.029 0.581 0.695
Visual west 0.274 0.043 0.185 0.354
Visual east 0.174 0.044 0.098 0.266
Adult females
Photo 0.862 0.020 0.814 0.896
Visual West 0.513 0.041 0.429 0.593
Visual East 0.400 0.059 0.284 0.524

Estimates of Breeding and Adult Female Caribou
Estimates of the numbers of breeding females (Table 13) were derived by the product of

caribou at least one year old (Table 10) and the proportion of breeding females in each
stratum (Table 12). Estimates of the numbers of adult females (Table 14) were similarly
derived from the product of caribou at least one year old (Table 10) and the proportion of

adult females in each stratum (Table 12).
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Table 13: Estimates of number of breeding females based upon initial abundance estimates
and composition surveys on Bathurst calving ground June 2018.

Stratum Caribou Proportion of Number of Breeding Females
breeding
COWsS
N CV.N pb (6\Y N SE Conf. Limit (6\Y
Photo 5,043  0.146 0.645 0.045 3,253 4958 2,350 4,502 0.152

West Visual 567 0.248 0274 0.157 155 45.6 82 292 0.294
East Visual 1,309 0.254 0.174 0.253 228 81.7 110 474 0.358
Total 6,919 3,636 504.6 2,709 4,880 0.139

Table 14: Estimates of numbers of adult females based upon initial abundance estimates
and composition surveys on Bathurst calving ground June 2018.

Stratum Caribou Proportion of Number of Adult Females
adult cows
N CV.N pa Cv N SE Conf. Limit Cv
Photo 5,043 | 0.146 | 0.862 | 0.023 | 4,347 | 641.1 | 3,174 | 5,954 | 0.147

West Visual 567 0.248 | 0.513 | 0.080 | 291 75.7 166 511 0.260

East Visual 1,309 | 0.254 | 0.400 | 0.148 524 153.9 286 960 | 0.294

Total 6,919 5,162 | 663.7 | 3,935 | 6,771 | 0.129

The ratio of breeding females to adult females was 70.4%, suggesting a fair-good proportion
of pregnant females compared to previous survey years. The proportion of breeding females

in June 2015 was lower (60.9%; Boulanger et al. 2017).

Fall Composition Survey October 2017
A composition survey was conducted 23-25 October 2017 to estimate the bull-cow ratio of

the Bathurst herd. Overall there were 39 groups observed with totals of bulls, cows and
calves summarized in Table 15. Bootstrap methods were used to obtain SEs on estimates

(Table 16).
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Table 15: Summary of observations from fall composition survey on Bathurst herd October
23-25,2017.

Cows Bulls Calves Groups
940 532 431 39

Table 16: Estimates of the bull-cow ratio, proportion cows, and calf-cow ratio from the fall
composition survey on Bathurst herd October 2017.

Indicator Estimate SE Conf. Limits CVv
Proportion cows 0.629 0.017 0.596 0.666 2.7%
Bull-cow ratio 0.592 0.044 0.501 0.678 7.4%
Calf-cow ratio 0.429 0.018 0.399 0.466 4.1%

Extrapolated Herd Estimates for Bathurst Herd
Estimates of adult herd size (caribou at least two years old) for the Bathurst herd in 2018

are presented in Table 17. The estimate based on an assumed fixed pregnancy rate uses a
value of 0.72 (Dauphiné 1976) while the estimated proportion of breeding females in June
2018 was 0.704, which resulted in relatively similar extrapolated herd estimates (8,207 vs
8,029; Table 17). The preferred estimate uses the proportion of females, which is simply the
estimate of adult females (5,162) divided by the proportion of cows in the herd (0.629) from
the fall 2017 survey. Log-based confidence limits, which were used for other estimates as
well as traditional symmetrical confidence limits (estimate + t*SE) are given. In most cases
log-based limits give better representation of confidence estimates than traditional
symmetrical methods because the distribution of estimates has a slight positive skew.
However, previous analyses have used the symmetrical method. The actual difference in CI's

is relatively minor.

Table 17: Extrapolated herd size estimates for the Bathurst herd in 2018 based on two
estimators. The estimate based on proportion of adult females is the preferred one and has
a smaller variance.

Method N SE Log-based CI Symmetric Cv
Traditional CI
Proportion of adult females 8,207 | 1079.0 | 6,218 | 10,831 | 5,920 | 10,494 | 13.1%
Constant pregnancy rate 8,029 | 13909 [ 5,565 | 11,583 | 5,064 | 10,993 | 17.3%
(0.72)
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Trends in Numbers of Breeding and Adult Females and Herd Size 2010-2018
Estimates of breeding cows, nonbreeding cows and (total) adult cows in the Bathurst herd

are shown in Figure 25 for surveys 2009-2018. A roughly stable trend 2009-2012 was
followed by significant declines to 2015 and 2018. Reductions from 2015 to 2018 in
estimates of breeding females were 55.0%, in adult females 61.0% and in overall herd size
58.5%. The reduction in herd size indicates an annual rate of decline of 25.5% 2015-2018.
These reductions consider only the numbers of caribou found on the June 2018 Bathurst
survey area (and associated extrapolated herd sizes), and do not consider the apparent loss
of some of the herd to the Queen Maud Gulf calving ground. The proportion of adult females

classified as breeding was higher (70.4%) in 2018 than in 2015 (60.9%).
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Figure 25: Estimates of the number of breeding females (green), non-breeding females
(light brown) and adult females (summed bars) in the Bathurst herd 2010-2018.

Demographic Analysis of Trends in the Bathurst Herd
The Bayesian state space model (Humbert et al. 2009, Kery and Royle 2016) was used to

estimate longer term trends in the Bathurst data set. For this analysis, trend (log A) was
modeled as a random effect, therefore allowing assessment of variation in A in intervals

between surveys.
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For breeding females, overall trends were significant (p=0.025) with an overall A estimate

for the entire data set (1985-2018) of 0.88 (0.79-0.98) (Figure 26).
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Figure 26: Trends in Bathurst breeding females 1986-2018, as estimated by the Bayesian
state space model. The left graph is for the full extent of the data set and the right graph is
zoomed into the period of 2009-2018. Field estimates are given as red dots (with confidence
limits) and model predictions are shown as blue lines with confidence intervals as hashed
lines.

Of greatest interest is trend since 2009, which suggested an initial increasing trend up to
2012, where the geometric mean of A (3 year) was 0.95 (CI=0.87-1.06), before declining to
0.78 (CI=0.68-0.91) in 2018 (Figure 27). Trend of breeding females will be influenced both

by abundance of adult females and pregnancy rate.
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Figure 27: Estimate of A for Bathurst breeding females 1989-2018, as estimated by the
Bayesian space model analysis. Model predictions are shown as blue lines with confidence
intervals as hashed lines. A A of 1.0 indicates a stable population.

Trends in numbers of adult Bathurst females (Figure 28) were also significant for the entire
data set (p=0.045) with an overall A estimate of 0.88 (CI=0.80-0.99) for the entire (1985-
2018) data set (Figure 29).
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Figure 28: Trends in numbers of adult Bathurst females 1986-2018, as estimated by the
Bayesian state space model. The left graph is for the full extent of the data set and the right
graph is zoomed into the period of 2009-2018. Field estimates are given as red dots (with
confidence limits) and model predictions are shown as blue lines with confidence intervals
as hashed lines.
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Figure 29: Estimates of A for adult Bathurst females 1989-2018, as estimated by the
Bayesian state space model. Model predictions are shown as blue lines with confidence
intervals as hashed lines. A A of 1.0 indicates a stable population.

Estimates of A in adult Bathurst females were also relatively similar in trend to the breeding
female estimates, with the exception of the 2012-2018 period where a trend of decreasing A
is evident, resulting in a three year geometric mean estimate of 0.76 (CI=0.66-0.7) in 2018

(Figure 29).

In general, densities of caribou in the core Bathurst area have decreased in parallel with
overall trends since 2012. In 2012, densities in the core area did increase in unison with a
smaller more aggregated core calving area. An analysis of trends in core calving ground area

and related densities is given in Appendix 4.

Demographic analysis using multiple data sources

Survival analysis of collared cows
Collar data from adult Bathurst females were used to estimate annual survival rates 1996-

2018. Of most interest was the interval 2009-2018 when management actions limited
hunting mortality and collar sample sizes were increased after 2014. Estimates of monthly
mortality, which is the ratio of collar mortalities to collars available, indicate higher mortality

rates in the summer months of 2010-2014 followed by lower levels of mortality from 2014
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to 2018 (Figure 30). A collar history plot that details individual collar fates is given in

Appendix 2.
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Figure 30: Summary of monthly collared cow mortality data for Bathurst herd 2009-2018.
Individual collar histories for recent years (i.e. since 2016) are given in Appendix 2.

The total data set is summarized in Table 18 with corresponding cow survival rate estimates

for each year. Initial collar sample sizes were very low in 1996 and 1997 (<10), then

increased somewhat 1998-2014 (10-20) with an average of 25-26 in 2015-2017. As a result,

annual survival estimates have a high variance and should be interpreted with caution.
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Table 18: Summary of Bathurst collar sample sizes and survival estimates.

Caribou Mortalities

Live collar sample sizes

Yearly survival estimates

Year

Total Collar Mean Min Max  Estimate SE Conf. Limit

months

1996 2 101 8.4 7 10 0.79 0.13 0.44 0.95
1997 2 85 7.1 6 12 0.75 0.15 0.38 0.94
1998 7 174 14.5 5 21 0.52 0.14 0.27 0.76
1999 1 161 13.4 13 14 0.92 0.07 0.61 0.99
2000 3 158 13.2 12 15 0.79 0.11 0.51 0.93
2001 6 123 10.3 5 13 0.50 0.14 0.25 0.76
2002 2 136 11.3 9 15 0.86 0.09 0.58 0.97
2003 5 117 9.8 7 13 0.58 0.14 0.31 0.82
2004 4 136 11.3 6 22 0.66 0.14 0.35 0.87
2005 4 187 15.6 13 19 0.78 0.10 0.53 0.91
2006 3 199 16.6 15 22 0.85 0.08 0.62 0.95
2007 6 213 17.8 15 21 0.71 0.10 0.48 0.86
2008 2 210 17.5 12 23 0.87 0.09 0.59 0.97
2009 4 135 11.3 7 20 0.61 0.15 0.31 0.85
2010 8 151 12.6 8 20 0.53 0.13 0.29 0.76
2011 11 167 13.9 9 22 0.46 0.11 0.26 0.67
2012 11 196 16.3 14 21 0.51 0.10 0.31 0.70
2013 6 145 12.1 7 19 0.55 0.14 0.28 0.79
2014 5 236 19.7 14 32 0.78 0.09 0.55 091
2015 6 319 26.6 23 31 0.81 0.07 0.63 0.91
2016 3 306 25.5 21 31 0.88 0.06 0.69 0.96
2017 3 303 25.3 19 31 0.87 0.07 0.67 0.96

The annual cow survival rate estimates are plotted in Figure 31, which suggests an increasing

trend in cow survival after 2014, albeit still with high variance due to limited collar numbers.
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Figure 31: Annual survival rate estimates 1996-2018 for Bathurst adult females based on
collared female caribou.

Bayesian state space integrated population model (Bayesian IPM)
The main objective of the Bayesian IPM was to provide refined estimates of demographic

parameters using all available field data. For the Bathurst herd, temporal variation in main
parameters (cow/yearling survival, calf survival) was modeled as random effects. A more
detailed technical description of the model, including tests of model parameters and the

associated R code, is given in Appendix 3.

The Bayesian IPM fit most field measurements adequately (Figure 32). The main exceptions
were overestimates of cows and cows+bulls (compared to extrapolated estimates) in 2018,
which is discussed later in the report. Also, in some cases the proportion of breeding females
estimates did not align well with field estimates. Confidence in model predictions tended to

be highest for the years in which there were field estimates.
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Figure 32: Predictions of demographic indicators from Bayesian model analysis compared
to observed values, for Bathurst herd 1985-2018. The solid blue lines represent model
predictions and confidence limits are shown as hashed blue lines. The red points are field
estimates with associated confidence limits. Spring calf:cow ratios are flown in March or
April and are also called late-winter surveys. Estimated numbers of cows and herd size
(bulls+cows) show the more recent ten-year period to facilitate interpretation.

We modeled summer (June - late October) and winter (October - June) calf survival with the
transition being the fall rut when fall composition surveys occur (Figure 33). This

parameterization takes advantage of years where fall and spring calf cow surveys occur,
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therefore allowing assessment of change in proportion calves between June calving ground
surveys, October fall surveys, and March/April late winter surveys and subsequent
estimation of calf survival for each period. As found in previous studies (Gunn et al. 2005),
summer survival is consistently lower than winter survival, when calves are larger. We note
that the survival rates in the graphs below are expressed on the annual scale for comparison
purposes. The actual rates will be different (slightly higher) given that summer or winter is

shorter in time than a year.
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Figure 33: Trends in model-based summer and winter and overall calf survival for the
Bathurst herd 1985-2018.

Overall calf productivity, which is basically the proportion of adult females that produce a
calf that survives the first year of life, can be derived as the product of fecundity (from the
previous caribou year) and calf survival (from the current year) (Figure 34). Estimates from
Figure 34 suggest that productivity has not returned to levels observed prior to 1997 (mean
productivity=0.46) in the 2011-2018 period (mean productivity=0.25). A potential negative
trend in proportion of breeding females is evident as well as lower calf survival in the past
ten years. As discussed later, environmental covariates and trend models will be used to

further explore demographic trends and mechanisms affecting herd productivity.
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Figure 34: Trends in a) fecundity, b) annual calf survival and c) productivity (which is the
product of the previous year’s fecundity times the current year calf survival) for Bathurst
herd 1985-2018. Spring calf cow ratios, which are lagged by one year, so that they

correspond to the productivity/caribou year prediction of the model, are shown for
reference purposes.

Spring calf-cow ratios, which are recorded in March or April, are overlaid in the productivity
graph (Figure 34). Note that the spring calf-cow ratio is influenced by cow survival, calf
survival as well as fecundity and therefore will not correspond directly to productivity. It
will be greater than actual productivity because lower cow survival rates, which influence
the count of cows in the spring, will inflate calf-cow ratios. The model predictions of spring
calf-cow ratios, which account for cow survival, are shown in Figure 34. In addition, the
model uses both calf cow ratios and proportion breeders (estimated during calving ground
survey years) to estimate fecundity. In some cases, this results in poor model fit if calf cow
ratios do not correspond well with the proportion of breeding cows estimated on the calving
ground. In all cases the field estimates are within the confidence limits of the corresponding

demographic model estimates.

One of the most important determinants of herd trend is adult cow survival since this directly
influences the overall productivity of the herd. Collar-based point estimates and modeled
annual and three-year average values for cow survival are shown in Figure 35. The dashed
horizontal line indicates survival level needed for herd stability at mean productivity levels
of 0.30 (2015-2018). The shaded region represents the range of cow survival levels needed

for population stability across lowest observed levels of productivity (2015: 17%) to higher
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levels of productivity (2016:45%) during the 2015-2018 period (Figure 35). If productivity

is at levels observed from 2015-2018 (0.31) then cow survival would need to be 0.88 for

stability.
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Figure 35: Trends in Bathurst cow survival 1985-2018 from Bayesian IPM analysis and
collars. The solid blue lines represent model predictions and confidence limits are the hashed
blue lines. A) The left graph shows the full time series with model estimates of survival
denoted by blue lines, and “natural survival” with hunting mortality removed denoted by a
green line. The red points are observed field estimates from collars with associated
confidence limits. B) The right graph shows the empirical and modeled estimates of cow
survival since 2010, when harvest restrictions were placed on the Bathurst herd. The dashed
horizontal line indicates cow survival level needed (mean survival of 0.89) for herd stability
at mean productivity levels of 0.30 (2015-2018). The shaded region represents the range of
cow survival levels (0.85-0.93) needed for population stability across lowest observed levels
of productivity (17%) to higher levels of productivity (45%) during the 2015-2018 period
as shown in Figure 34c.

Model-based estimates of cow survival suggested an increasing trend in cow survival from
2012 to 2018 with a three-year average survival of 0.81 (CI=0.75-0.87) for the 2014-2017
calving year period. The model estimate of cow survival for the caribou year of 2017 (which
spans from June 2017 to May 2018) was 0.82 (0.69-0.92). The estimate of cow survival in
2015 using the OLS model was 0.78 (CI=0.74-0.89) which compares to the Bayesian model
estimate of 0.79 (CI=0.66-0.90) for 2015. While survival rates are potentially increasing, they

still are below levels needed for herd stability as indicated by the grey zone in Figure 35.
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Comparison of natural (green line) and observed survival rates (blue line) in Figure 35
illustrates the increasing impact of harvest on cow survival rates up to 2009 when harvest
was reduced. In 2008, observed cow survival (including harvest) was 0.69 (CI=0,60-0.76)
compared to a natural survival level of 0.87 (CI=0.76-0.96) during this time, assuming an
annual cow harvest of 5,000. When harvest was reduced, observed and natural survival rates
were similar. Future modeling will further consider variation in harvest rates and potential

overall trends in natural survival when historic harvest is accounted for.
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Figure 36: Estimates of bull survival for the Bathurst herd 1985-2018. The blue line
represents observed survival whereas the green line represents natural survival with

harvest mortality removed. Because harvest was very low 2010-2018, observed and natural
mortality were similar.

Bull survival was estimated at 0.71 (0.52-0.91) in 2017 which is similar to the estimate in

2015 (0.72 (CI=0.59-0.92) (Figure 36).

Preliminary assessment of effects of emigration on estimate of Bathurst caribou

Population rates of change (A) for cows suggest a rate of 0.92 (CI=0.83-0.99) 2015-2018
(Figure 37), which is higher than the rate indicated by adult cow estimates from the calving
ground surveys of 0.76. The most likely reason for this difference is the direct impact of

emigration of cows on the adult female calving ground survey estimate.
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Figure 37: Overall trends (A) in adult cows in the Bathurst herd 1985-2018 from the
Bayesian model analysis. A value of 1.0 indicates stability.

Predicted numbers of breeding cows, adult cows, and bulls from the demographic model in
2018 were higher than calving ground estimates. For example, the estimate of breeding cows
for the demographic model in 2018 was 5,551 (CI=1,935-9,591) compared to the calving
ground-based estimate of 3,636 (CI=2,709-4,880). The demographic model estimate is 35%
higher, although the confidence limits of the demographic model estimate overlap the field
estimate. The likeliest reason for this is that the demographic information used in the model
is based on caribou that were in the Bathurst herd up to the 2018 survey, and the 2018
breeding female estimate is only one of many data points used to inform the model. Basically,
the model tolerates a slight lack of fit to the breeding female estimate in order to fit the other
field estimates such as proportion breeding, calf-cow ratios, and cow survival rates. In this
context, demographic predictions are less influenced by emigration of some Bathurst cows

to the Queen Maud Gulf in 2018, which reduced breeding female estimates.

We conducted a sensitivity analysis of estimates to inclusion of the 2018 breeding female
estimate, which was influenced by movements of cows to the Queen Maud Gulf. Estimates of
cow survival when the 2018 adult female estimate were excluded were 0.85 (CI=0.74-0.93)
for the 2017 calving ground year compared to 0.82 (CI=0.69-0.92) when the 2018 data point
was included. The three-year average survival rate was 0.84 (CI=0.78-0.89) compared to

0.81 (CI=0.75-0.87) when the 2018 data point was included. Therefore, exclusion of the 2018
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breeding female estimates boosted survival rates by 3%. Sensitivity analysis results for other

parameters are given in Appendix 3.

The demographic model in this report will be further refined in the future. Potential
refinements include more direct modeling of fidelity to the Bathurst calving ground using
ratios of caribou that emigrate from the Bathurst calving ground. One of the challenges of
this analysis is that we only had estimates of fidelity for collared cows with no estimates of
fidelity for yearlings, calves, and bulls. [t may be possible to partially estimate fidelity of bulls
by proximity to calving grounds as well as get direct estimates of bull survival from the bull
collars. In addition, harvest in the current version was modeled as a fixed rate which did not
account for uncertainty in actual harvest particularly in the historic data set. Methods will be
used to better incorporate uncertainty in harvest estimates which may help better refine
estimates of natural survival. Finally, environment covariates will be used to model temporal
trends in demographic parameters in unison with other trend models. The use of
environmental covariates in previous demographic analyses up to 2016 (Boulanger and
Adamczewski 2017) suggested possible linkages; however the recent 2017-2018

environmental data were not available for this analysis.

Estimation of Bathurst adult females, including emigration to the Queen Maud Gulf
The Lincoln-Petersen mark-recapture estimator (Nrp) based estimate of adult Bathurst cows

that occurred both on the Bathurst calving ground and in the Queen Maud Gulf calving area
was 7,098 (Cl=4,432-11366, CV=23%), assuming that the proportion of known Bathurst
collared cows (8/11) on the Bathurst calving ground was indicative of the overall
distribution of cows in the entire herd. The corresponding estimate from the survey was
5,162 adult females in the Bathurst survey area, suggesting that 1,936 (CI=497-4,595) were
in the Queen Maud Gulf coastal calving area. This estimate should be interpreted cautiously

since it is based on only 11 collared caribou.

Estimates of adult females were generated using the demographic model for the Bathurst
herd with and without the 2018 data point included (Figure 38). The demographic model
attempted to balance the input from collared caribou, composition surveys, and previous

survey estimates to estimate the number of adult females in 2018. The resulting estimate
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with the 2018 data point included was 7,833 adult females (CI=5,329-11,631, CV=21%),
which was 35% higher than the corresponding observed estimate on the calving ground
(5,162 CI=3,935-6,771, CV=13%). In addition, as discussed earlier, the demographic model
estimate of adult females was less directly influenced by emigration of females to the Queen
Maud Gulf coastal calving area in 2018 (which reduced the calving ground adult female
estimate). Therefore, it would be expected that the demographic model estimate would be
higher than the calving ground estimate, perhaps approaching the Nip estimate of 7,098.
Regardless, confidence intervals overlapped for the two estimates and therefore the

difference could be expected by chance.

The demographic model was then run without the 2018 adult female estimate as part of the
data set, therefore considering a scenario where all caribou occurred in the core Bathurst
calving ground. The resulting estimate (11,423 CI=7,620-16,190) was 30% higher than when
the 2018 adult female estimate was included in the demographic model run. The ratio of the
estimates with and without the 2018 estimate included was 69% (CI=27-69%). This
provides an alternative estimate of the proportion of Bathurst cows that remained on the
traditional calving ground; this would mean that 31% of the cows had emigrated to the
Queen Maud Gulf coastal calving area. This is relatively similar to the Lincoln-Petersen based
estimates of 72% of the cows on the traditional Bathurst calving ground and 28% in the
Queen Maud Gulf coastal calving area, based on collars. However, both estimates should be
used with caution as one is based on model projections and the other on a limited number of

collars.

The field and model-based estimates that include the Bathurst cows that appear to have
emigrated to the east are still lower than the estimate of adult females on the calving ground
in 2015 (13,264, CI=8,312-18,216) suggesting that substantial decline of the Bathurst herd
has occurred even when emigration in 2018 to the Queen Maud Gulf/Beverly calving ground
is considered. More exactly, the collar-based estimate (7,098, CI=4,432-11,366) was 46% of
the 2015 adult cow estimate resulting in an annual rate of decline of 23%. The estimated

annual rate of decline based on the demographic model estimate of 11,423 (CI=7,620-
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16,190) was 5%, however, this estimate should be treated cautiously given limitations in

directly comparing field estimates with demographic model estimates.

Demographic model Field estimates
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Figure 38: Field and model-based estimates of adult females on the Bathurst calving ground
compared to estimates that were adjusted to include Bathurst females that calved on the
Queen Maud Gulf coast calving area in 2018. Field estimates include the base estimate of
adult females, and the base estimate of adult females divided by the proportion of collars
that occurred on the Bathurst calving ground. Demographic model estimates include
Bayesian IPM runs with the 2018 adult female estimate included and excluded.

Exploration of Potential Reasons for Decline in Herd Size

The apparent large decline in breeding and adult females in the Bathurst herd 2015-2018
could have resulted from (1) missing female caribou based on limited survey coverage or
sightability, (2) movement of female caribou to adjacent calving grounds, and (3)
demographic changes within the herd (low pregnancy rates, reduced calf survival, or
reduced survival of adult caribou). We considered the likelihood of each factor contributing

significantly to the estimated reduction in abundance.

Survey conditions and female caribou not occurring in strata
Survey conditions were challenging during the Bathurst 2018 survey; in particular, the snow

conditions made caribou more difficult to see than on previous surveys with predominantly
bare ground. It is possible that the counts from the two visual strata under-estimated true

abundance due to poor sighting conditions. However, 96.9% of the estimated breeding
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females and 84.2% of the estimated adult females for the overall survey area were estimated
from the photo stratum. The comparable figures in 2015 were a very similar 96.2% of
breeding cows and 88.9% of adult females from the photo stratum (Boulanger et al. 2017).
In the photo stratum for 2018, extra time spent counting caribou on photos and the double
observer check on photos provided confidence that sightability was >84% and thus that
caribou missed had been accounted for. In addition, the 17 active collared females in the
Bathurst Inlet area were accounted for in the three survey strata. One collared cow was south
of the visual and photo strata at the time of the aerial photography June 8-9, but
reconnaissance flying in this area showed there were very few caribou in that area (see
Figure 17). Extensive reconnaissance flying north, south and west of the three survey strata

demonstrated that there were very few caribou in these areas.

There remains a possibility, based on very low densities of caribou observed by GN biologists
(Figure 17) beyond the eastern boundary of the Bathurst East Visual block, that a few
Bathurst cows were found further east. However, GN biologists observed caribou trails to
the east of that block in the snow predominantly leading northeast to the main Beverly
calving ground, and the Beverly collared cows continued to move north and east in the first
and second weeks of June (M. Campbell, pers. comm.). The East Visual stratum contributed
6.3% of the estimated breeding females and 10.1% of the estimated adult females in the
survey area; the photo stratum, as in previous Bathurst surveys, accounted for the vast
majority of the female caribou. Overall, we believe that the June 2018 Bathurst estimates of
breeding females, adult females and herd size are representative of the herd and that

sightability and distribution issues had little influence on the survey outcome.

Movement to Adjacent Calving Grounds and Ranges
Figures 12-16 earlier in this report documented movements of collared Bathurst caribou in

the vicinity of Bathurst Inlet in the spring of 2017 and particularly in the spring of 2018, as

these collar movements affected the design of the survey and interpretation of the results.

In this section, collar fidelity is further assessed for 2018 with a comparison to previous
years and neighbouring herds. Figure 39 displays movement in the mean location of calving

for collared females that were monitored for successive years, for the Bathurst herd and its
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neighbours; annual fidelity is shown for 2009-2018. The head of the arrow is the mean
location for the current year and the tail is the location for the previous year. In general,
collared female caribou have shown reasonable fidelity to the Bathurst calving ground until
2018, when three collared caribou moved to the Beverly calving ground in the Queen Maud
Gulf coastal calving area. Those three collared cows were monitored through the summer of
2018. One died in July and the other two continued to move with collared female Beverly

caribou; i.e. there was no apparent return to the Bathurst herd.
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Figure 39: Yearly fidelity and movements to calving grounds in the Bluenose East (blue),
Bathurst (red), and Beverly (green) herds 2009-2018. The head of the arrow indicates the
current calving ground in the given year and the tail indicates the mean location from the
previous year calving ground.
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Frequencies of movement events between calving grounds for the Bathurst herd and
neighbouring herds were assessed for collared female caribou monitored for consecutive
years (Figure 40). A pair of consecutive June locations for a collared female was a single event
or data point. Overall, the rates of switching were low 2010-2015 with 254 returns to the
same calving ground and five switches for the three herds, indicating an overall 98% fidelity.
Over the period 2016-2018, there were 174 returns to the same calving ground and three
switches for the three herds, indicating again an overall fidelity of 98%. The low rate of
switching of collared cows is consistent with previous estimates of about 3% switching and
97% fidelity in the Bathurst herd (Adamczewski et al. 2009) and similar fidelity in the Cape
Bathurst, Bluenose-West and Bluenose-East herds (Davison et al. 2014). However, the only
three switches between 2016 and 2018 were the three of 11 Bathurst collared females
(27%) in June 2018. Movements of collared Bathurst bulls in spring 2018 (Figure 16) also
suggested an unexpected degree of movement into the inland areas adjacent to the Queen
Maud Gulf after collared males and females from the two herds were strongly mixed all

winter (Figure 14).
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Figure 40: Frequencies of collared caribou movement events for the Bathurst and
neighbouring Bluenose-East and Beverly herds 2010-2015 and 2016-2018 based on
consecutive June locations. The curved arrows above the boxes indicated the number of
times a caribou returned to the same calving ground in successive years. The straight arrows
indicate movement of caribou to other calving grounds.

Demographic Change: Adult Survival, Calf Productivity and Calf Survival
Comparison of the 2015 and 2018 Bathurst June survey results shows declines by more than

half in estimates of breeding females (55.0%), adult females (61.0%) and overall herd size
(58.5%). Part of this decline is due to a proportion (approximately 27% based on three of 11
collared cows) of Bathurst cows calving on the Beverly/Queen Maud Gulf calving ground as
discussed earlier (Figure 38). Demographic analysis described earlier indicates this decline
is in part attributed to adult cow survival rates (estimated for 2017-2018 at 0.82) that have
improved since 2015 (Figure 35) but continue to be below levels associated with stable
populations (0.84 to 0.90). Calf survival has also been low overall in the past ten years
(Figure 34). Overall calf productivity (the product of fecundity and one-year calf survival) in
the 2011-2018 period (mean productivity of 0.25) was well below the levels observed prior
to 1997 (mean productivity=0.46) and is well below levels associated with stable

populations (Figure 34). Both productivity and cow survival would need to increase
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substantially to reach levels associated with a stable population. We note that demographic
model estimates from a model that used the 2018 data point will be influenced by the
emigration event in 2018. The three-year average survival rate was 0.84 (CI=0.78-0.89) with
the 2018 adult female estimate excluded compared to 0.81 (CI=0.75-0.87) when the 2018
adult female estimate was included. Therefore, survival estimates are still on the lower level
needed for herd recovery given current levels of productivity, regardless of model scenario

considered.

Incidental Sightings of Other Wildlife
Sightings of other wildlife during the June 2018 calving ground surveys are listed in Table

19. Observations for both the Bathurst and the Bluenose-East surveys are included for
convenience. Of particular interest are the sightings of wolves and grizzly bears as key
predators of young caribou calves. There were 29 grizzly bear sightings and five wolf
sightings on the Bathurst calving ground, and 44 grizzly bear sightings and eight wolf
sightings on the Bluenose-East calving ground. In general this is consistent with previous
calving ground surveys of these two herds, which have shown substantially more bears than

wolves.

Table 19: Incidental sightings of other wildlife during June 2018 calving ground surveys
from reconnaissance flying, visual blocks, and composition surveys. Note that some areas
were flown more than once, thus some individuals may have been sighted more than once.

Species Bathurst calving Bluenose-East calving
ground ground
Red fox 1 2
Arctic Fox 2 1
Eagles 4 2
Grizzly bears 29 44
Moose 4 4
Muskox 233 411
Wolverine 0 0
Wolves 5 8
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DISCUSSION

Results from the Bathurst 2018 calving photo survey documented significant declines by
more than half in estimates of breeding females (55.0%), adult females (61.0%) and overall
herd size (58.5%) since 2015. The reduction in herd size indicates an annual rate of decline
of 25.5% 2015-2018. The overall decline from peak numbers in 1986 of 470,000 is on the
order of 98%. We suggest that the most recent decline cannot be attributed to poor survey
methods or sampling. The caribou on the visual strata may have been under-estimated
somewhat due to the patchy snow conditions and relatively low sightability, but 96.9% of
the estimated breeding females and 84.2% of the estimated adult females for the overall
survey area were estimated within the photo stratum, similar to the 2015 survey. Extra time
spent searching photos and the double observer check suggested that a very high proportion

of the caribou were found on the aerial photos.

An analysis of the herd’s demography suggests that low calf survival rates and improved, but
still low adult female survival rates both contributed to the continuing decline of the
Bathurst herd. In 2018, fecundity of the Bathurst herd was relatively good, with 70.4%
breeding females on the calving ground. However, by October 2018 the estimated calf:cow
ratio of 21 calves: 100 cows (D. Cluff, unpublished data) indicated that calf survival through

the first four to five months was poor and well below levels needed for a stable population.

An evaluation of spatial patterns of mortality in collared Bathurst cows resulted in two maps,
one for 1996-2009 and one for 2010-2016 (Figure 41; Boulanger and Adamczewski 2017).
Mortality risk for 1996-2009 was relatively dispersed, with some mortality on the winter
range and some on the summer range. Some of the winter mortality in the winter may reflect
hunter harvest, which over that period was not restricted. Mortality risk was lowest during
calving 1996-2009. The overall geographic range of the Bathurst herd in the later period
2010-2016 was reduced, reflecting the herd’s much reduced numbers. As in the earlier
period, mortality risk was lowest during calving 2010-2016. This appears to support the

longstanding view that caribou cows migrate to remote tundra calving grounds primarily to
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reduce predation risk (Bathurst herd: Heard et al. 1996; Porcupine herd: Griffith et al. 2002,
Russell and McNeill 2005). In the later period, mortality risk was highest on the summer
range. While this analysis did not include an assessment of the causes of mortality in collared
caribou, the summer mortality of collared female caribou and the poor summer calf survival
may point to predation on the summer range as contributing significantly to mortality of
calves and adults. Summer mortality has decreased in the Bathurst herd from 2015 to 2017
resulting in an increased rate of cow survival (Figures 30, 31, and 35), however overall cow
survival rates are still lower than needed for herd recovery, given current levels of

productivity.
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Figure 41: Relative likelihood of mortality in collared Bathurst female caribou shown as a
“heat map” for 1996-2009 (left) and 2010-2016 (right). Darker colours (orange and red)
indicate areas with an above-average probability of mortality, and lighter areas (yellow)
indicate areas with a below-average probability of mortality. If mortalities were in
proportion to live locations of collared caribou, all of the range would have the same colour.
From Boulanger and Adamczewski (2017).

In 2018 some Bathurst collared cows were initially east of Bathurst Inlet and moved west
across the Inlet at the time of the survey, but three of 11 (27%) Bathurst cows continued
moving east into the Queen Maud Gulf coastal calving area with collared Beverly cows and

remained there during the calving period. This is a limited sample and it is difficult to
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quantify the percentage of the herd that moved east with the three collared cows;
assessment of collars and analyses through the demographic model suggest that roughly
30% of the herd’s cows may have emigrated in 2018. Spring-time movements of collared
Bathurst bulls (Figure 16) suggest that some of them also moved east into the Queen Maud
Gulf area, south of the coastal calving grounds. These movements may in part reflect strong
mixing of the Bathurst and Beverly herds in the winter of 2017-2018, as also happened in
the winter of 2016-2017. There is a large disparity in size of the two herds. With the Bathurst
estimate of 8,207 caribou (this survey) and the 2018 Beverly estimate of just over 100,000
(Campbell et al. 2019), the Beverly herd outnumbered the Bathurst by about 12:1. Caribou
are gregarious animals and movement of collared Bathurst cows towards the calving
grounds in the Queen Maud Gulf may indicate that they were drawn along by the northeast
movement of the larger herd after sharing wintering ranges from November-December to

April-May.

As described by Gunn et al. (2012), gregariousness of female caribou during calving is a
strategy for reducing predation risk and is a principal reason for high densities of breeding
females on a calving ground. For the Porcupine herd, Griffith et al. (2002) demonstrated that
newborn calves on the interior of large calving aggregations on the calving ground had
higher survival rates than calves on the periphery of these aggregations. However, as a
population of migratory barren-ground caribou declines below a small threshold size, spatial
fidelity to a calving area may start to break down, resulting in a partial or complete shift in
use of a calving area. Heavy overlap on the winter range with a larger herd, as in the Bathurst
herd’s recent substantial overlap in recent winters with the much larger herd calving in the
Queen Maud Gulf coastal lowlands, may also act as a factor predisposing a smaller declining

herd to joining a much larger herd.

The observed switching of three of 11 known Bathurst collared cows to the Queen Maud Gulf
lowland calving ground during the 2018 calving season presents at least two possibilities.
The first is that the switching observed for three Bathurst cows in June 2018 was an isolated
occurrence and spatial fidelity to the Bathurst calving ground, which has generally been 97-

98% based on collared cows, is maintained. The second is that observed rates of switching
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by known Bathurst cows to the Queen Maud Gulf lowland calving ground in 2018 will
continue and possibly increase in subsequent calving periods, especially if the Bathurst herd
continues to decline. In June 2019, three of 17 (17.6%) collared cows that were on the
Bathurst calving ground in June 2018 moved well east of Bathurst Inlet with Beverly collared
females, suggesting that some eastward emigration of Bathurst cows had continued
(Adamczewski et al. 2019). There was evidence from 2006-2009 of several collared caribou
females using the inland Beverly calving ground, then switching to the coastal Queen Maud
Gulf calving ground in a following year (Adamczewski et al. 2015). The management
implication of continued or increased calving ground switching by Bathurst cows is that a
combination of numerical decline and emigration may further reduce the likelihood of

recovery for the Bathurst herd.

Harvest of the Bathurst herd has been closed in the NWT since early 2015 (see WRRB 2016),
with a Mobile Core Bathurst Caribou Conservation Area (MCBCCA) applied as a no-harvest
zone. The MCBCCA (i.e. mobile zone) was developed as a minimum convex polygon around
Bathurst collared caribou locations (males and females) with a spatial buffer ranging from
20-60 km, depending on the degree of overlap with adjacent herds and recommendations
from a technical committee. Limited numbers of Bathurst collars in some winters may mean
that the herd’s distribution was not fully defined, potentially leading to a limited harvest of
Bathurst caribou outside the mobile zone. However, the heavy mixing of Bathurst and
Beverly collars in recent winters and the 12:1 ratio of Beverly:Bathurst caribou, in addition
to the Beverly collars generally found south and east of the mobile zone, would mean that
the harvest in areas bordering on the mobile zone was predominantly comprised of Beverly

caribou.

Results of the Bayesian state space model analysis of the Bathurst herd confirm earlier
results (Créte et al. 1996 and Boulanger et al. 2011) and suggest that cow survival levels of
0.84-0.92 are needed for stability, given the recent range of calf productivity levels observed
for this herd. Low natural survival rates may reflect significant predation by wolves and
bears (Haskell and Ballard 2007), and the spatial concentration of collared cow mortalities

2010-2016 (Figure 41) suggests that summer was the time of greatest predation risk.
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Summer mortality as estimated by collared caribou has decreased in recent years (Figure

30).

Overall calf productivity in the 2011-2018 period (mean productivity of 0.25) was well
below the levels observed prior to 1997 (mean productivity=0.46) and far below levels
needed for a stable herd. Cyclical patterns in abundance of migratory caribou herds may also
reflect the influence of large-scale weather patterns on vegetation and range conditions (Joly
et al. 2011); declines of multiple NWT caribou herds from 2000 to 2006-2008 in part
reflected late calving and sustained low calf recruitment (Adamczewski et al. 2009,

Adamczewski et al. 2015).

Boulanger and Adamczewski (2017) suggested that high summer drought and warble fly
indices on the Bathurst and BNE ranges may in part have contributed to poor female
condition and low pregnancy rates in some years. For example, very high drought and warble
fly indices for both herds in 2014 were followed by low percentages of breeding females in
both herds in June 2015 (Boulanger et al. 2016, 2017). These results are further supported
by the Bayesian IPM analysis that found correlations between warble fly indices and calf
survival, and June temperature and cow survival based upon estimates between 2008 and

2016.

A concurrent calving ground survey of the Beverly herd (Campbell et al 2019) estimated
84,705 (CI=73,636-88,452) adult females and a total herd size of 103,372 (CI=93,684-
114,061) in the survey area as defined by the caribou calving in the coastal lowland Queen
Maud Gulf area and the Adelaide Peninsula. Comparison with abundance of caribou
estimated in 2011 in the Queen Maud Gulf coastal calving area and re-analyzed to include
the Adelaide Peninsula indicates that this herd has declined from an estimated 136,608 at
that time. The comparison suggests an annual rate of decline of 4-5% from 2011 to 2018. If
our evaluations of the proportion of Bathurst caribou that emigrated to the Queen Maud Gulf
coastal calving area (about 30%) are correct and a similar proportion of bulls emigrated in
2018, then approximately 3,000 Bathurst caribou may have added to the estimate for the

Beverly herd calving in the Queen Maud Gulf, a number that would have had a very limited
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effect on the GN Beverly herd estimate for 2018 and was well within the confidence limits of

the estimate.

Monitoring Recommendations

As a result of the significant declines in the Bluenose-East (Boulanger et al. 2019) and

Bathurst (this report) herds documented by 2018 calving photo surveys, the Thcho

Government and GNWT ENR submitted joint management proposals for each herd to the

Wek’eezhii Renewable Resources Board (WRRB) in January 2019. While the WRRB has yet

to determine what management actions and monitoring it will recommend, we include here

the revised and increased monitoring and research included in the two proposals.

1.

2.

3.

Calving photo surveys every two years, an increase in survey frequency from the
three-year interval that has been used since about 2006. Population estimates from
these surveys are key benchmarks for management decisions.

Annual composition surveys in June, October and late winter (March/April) to
monitor initial calf productivity, survival through the first four to five months, and
survival to nine to ten months in late winter. Results in 2018 suggested that initial
fecundity was moderately high for the Bathurst herd (70% breeding females) but by
late October the calf:cow ratio had dropped to 21 calves:100 cows, far below
recruitment and productivity needed for a stable population. Annual fall surveys will
also allow monitoring of the bull:cow ratio.

An increase in numbers of collars on the Bathurst and Bluenose-East herds from 50
(30 cows, 20 bulls) to 70 (50 cows, 20 bulls). This will improve estimation of annual
cow survival rates and improve monitoring of herd distribution and harvest
management, along with many other uses for collar information. Assessment of collar
fate is essential to obtain unbiased survival estimates.

Suspension of reconnaissance surveys on the calving grounds. Although
reconnaissance surveys on the calving grounds in years between photo surveys
generally tracked abundance of cows on the calving grounds, the variance on these
surveys has been high. In particular, results of the June 2017 reconnaissance survey
on the Bluenose-East calving ground suggested that the herd’s decline had ended and

the herd had increased substantially, while the 2018 photo survey showed that in
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reality the herd’s steep decline had continued. As noted above, however, annual
composition surveys on the calving grounds of the two herds are planned, and were
carried out in June 2019 (Adamczewski et al. 2019).

Increased support for studies of predator abundance and predation rates, as well as
studies of factors affecting range condition, caribou productivity and health.
Increased support for on-the-land traditional monitoring programs like the Thcho
Boots-on-the-Ground program (Jacobsen and Santomauro 2017) that provide

insights into caribou health and the influence of weather and other factors on caribou.
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Appendix 1: Double observer methods and results for visual survey strata

Methods and results described in this appendix include data from the Bathurst and
Bluenose-East surveys in June 2018. One Cessna Caravan crew was based at the Ekati Mine
and flew all of the Bathurst reconnaissance survey and most of the Bathurst two visual
blocks. One Cessna Caravan based at Kugluktuk flew only on the Bluenose-East
reconnaissance and two visual blocks, and the other Caravan based at Kugkuktuk flew
primarily on the Bluenose-East survey but also flew part of the Bathurst visual survey. Snow
conditions were generally similar across the two survey areas. Given the overlap in survey
flying and the similar sightability conditions on both surveys, double observer data were

combined in the analyses and results described in this appendix.

Visual surveys were conducted in two low density strata in June 2018 on the Bathurst survey,
one west of Bathurst Inlet and one east of it. There were also two visual blocks in the
Bluenose-East survey in June 2018, one north of the two photo blocks and one south of them.
Each of the Caravans had two observers and a recorder on each side of the aircraft. The
numbers of caribou sighted by observers were entered into the Trimble YUMA 2 tablet

computers and summarized by transect and stratum.

A double observer method was used to estimate the sighting probability of caribou during
visual surveys. The double observer method involves one primary observer who sits in the
front seat of the plane and a secondary observer who sits behind the primary observer on

the same side of the plane (Figure 1). The method followed five basic steps:

1 - The primary observer called out all groups of caribou (number of caribou and location)
he/she saw within the 400 m wide strip transect before they passed about halfway between
the primary and secondary observer. This 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.
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2 - The secondary observer called out whether he/she saw the caribou that the first observer
saw and observations of any additional caribou groups. The secondary observer waited to
call out caribou until the group observed passed about 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 were calling

out the same groups or different groups and to ensure accurate counts of larger groups.

4 - The datarecorder categorized and recorded counts of caribou groups into primary (front)

observer only, secondary (rear) observer only, or both, entered as separate records.

5 - The observers switched places approximately half way through each survey day (i.e. on a
break between early and later flights) to monitor observer ability. The recorder noted the

names of the primary and secondary observers.
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Figure 1: Observer and recorder positions for double observer methods on June 2018
caribou survey of Bathurst caribou. The secondary observer confirmed or called caribou not
seen by the primary observer after the caribou have passed the main field of vision of the
primary observer. Time on a clock can be used to reference relative locations of caribou
groups (e.g. “caribou group at 1 o’clock”). The recorder was seated behind the two observers
on the left side, with the pilot in the front seat. On the right side the recorder was seated at
the front of the aircraft and was also responsible for navigating in partnership with the pilot.

The statistical sample unit for the survey was groups of caribou, not individual caribou.
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. If
sightings of individuals were influenced by other individuals then the caribou were

considered a group and the total count of individuals within the group was used for analyses.

The results were used to estimate the proportions of caribou that were likely missed, and
numbers of caribou estimated on the two visual survey blocks east and west of Bathurst Inlet

were corrected accordingly.

The Huggins closed mark-recapture model (Huggins 1991) in program MARK (White and

Burnham 1999) was used to estimate and model sighting probabilities. In this context,
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double observer sampling can be considered a two sample mark-recapture trial in which
some caribou are seen (“marked”) by the (“session 1”) primary observer, and some of these
are also seen by the second observer (“session 2”). The second observer may also see caribou
that the first observer did not see. This process is analogous to mark-recapture except that
caribou are sighted and re-sighted rather than marked and recaptured. In the context of
dependent observer methods, the sighting probability of the second observer was not
independent of the primary observer. To accommodate this removal, models were used
which estimated p (the initial probability of sighting by the primary and secondary observer)
and c (the probability of sighting by the second observer given that it had been already
sighted by the primary observer). The removal model assumed that the initial sighting
probability of the primary and secondary observers was equal. Observers were switched
midway in each survey day (on most days there were two flights with a re-fueling stop
between them), and covariates were used to account for any differences that were caused by

unequal sighting probabilities of primary and secondary observers.

One assumption of the double observer method is that each caribou group seen has an equal
probability of being sighted. To account for differences in sightability we also considered the
following covariates in the MARK Huggins analysis (Table 1). Each observer pair was
assigned a binary individual covariate and models were introduced that tested whether each
pair had a unique sighting probability. An observer order covariate was modeled to account
for variation caused by observers switching order. If sighting probabilities were equal
between the two observers, it would be expected that order of observers would not matter
and therefore the confidence limits for this covariate would overlap 0. This covariate was
modeled using an incremental process in which all observer pairs were tested followed by a
reduced model where only the beta parameters whose confidence limits did not overlap 0,

were retained.

Table 1: Covariates used to model variation in sightability for double observer analysis for
Bathurst caribou survey in June 2018.
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Covariate Acronym Description

observer pair obspair each unique observer pair

observer order obsorder order of pair

group size size size of caribou group observed
Herd/calving Herd (h) Calving ground/herd being surveyed.
ground

SNOW cover snow snow cover (0, 25, 75, 100)

cloud cover cloud cloud cover (0, 25, 75, 100)

Cloud cover*snow Cloud*snow Interaction of cloud and snow cover
cover

Data from both the Bluenose-East and Bathurst herd calving grounds surveys were used in
the double observer analysis given that most planes flew the visual surveys for both calving
grounds. It was possible that different terrain and weather patterns on each calving ground
might affect sightability and therefore herd/calving ground was used as a covariate in the
double observer analysis. Estimates of total caribou that accounted for any caribou missed

by observers were produced for each survey stratum.

The fit of models was evaluated using the AIC index of model fit. The model with the lowest
AICc score was considered the most parsimonious, thus minimizing estimate bias and
optimizing precision (Burnham and Anderson 1998). The difference in AICc values between
the most supported model and other models (AAIC:) was also used to evaluate the fit of
models when their AICc scores were close. In general, any model with a AAICc score of <2 was

worthy of consideration.

Estimates of herd size and associated variance were estimated using the mark-recapture
distance sampling (MRDS) package (Laake et al. 2012) in program R program
(R_Development_Core_Team 2009). In MRDS, a full independence removal estimator which
models sightability using only double observer information (Laake et al. 2008a, Laake et al.
2008b) was used. This made it possible to derive double observer strip transect estimates.
Strata-specific variance estimates were calculated using the formulas of (Innes et al. 2002).
Estimates from MRDS were cross checked with strip transect estimates (that assume

sightability=1) using the formulas of Jolly (1969)(Krebs 1998). Data were explored
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graphically using the ggplot2 (Wickham 2009) R package and QGIS software
(QGIS_Foundation 2015).

Double observer analysis
Data from both the reconnaissance and visual surveys were used in the double observer

analysis, however, only the visual survey data was used to derive estimates of abundance for
survey strata. Observers were grouped into pairs which were used for modeling the effect of
observer on sightability. A full listing of observer pairs is given in Table 2. Frequencies of
observations as a function of group size, survey, and phase suggested that approximately half
of the single caribou were seen by both observers in most cases (Figure 2). In previous years
approximately 70-80% of single caribou were seen by both observers. As group size
increased the proportion of observations seen by both observers increased. This general
pattern suggests low sightability compared to previous surveys, which generally had much

less snow cover.
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Table 2: Double observer pairings with associated summary statistics.

Observer information Frequencies Probabilities
notes "
: £ 3
T o © = _ 2 o S
= o Q < ° © < S ® O w
£ 85 s £ 8 f5 % 3
(%] -8 A a
1 1 did not switch 5 6 14 25 0.80 0.96
2 2 6 3 16 25 0.76 0.94
3 2 0 0 1 1 1.00 1.00
4 3 1 4 11 16 094 1.00
5 3 6 10 16 32 081 0.96
6 4 didnotswitch 1 8 17 36 0.69 091
1
7 5 didnotswitch 1 17 48 79 0.82 0.97
4
8 6 1 19 46 83 0.78 0.95
8
9 6 1 20 38 75 0.77 0.95
7
10 7 1 4 23 43 0.63 0.86
6
11 5 19 0.74 0.93
12 0 5 1.00 1.00
13 2 20 43 053 0.78
0
14 9 5 1 7 13 0.62 0.85
15 9 2 18 42 80 0.75 0.94
0
16 9 pooled with9 1 0 0 1 0.00 0.00
17 10 1 3 16 33 0.8 0.82
4
18 10 1 3 0 4 0.75 0.94
19 11 did not switch 1 9 41 60 0.83 0.97
0
20 12 0 0 1.00 1.00
21 12 pooled with 0 0 1.00 1.00
12
22 12 9 1 20 30 0.70 0.91
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Figure 2: Frequencies of double observer observations by group size, survey phase and
survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each observation is
categorized by whether it was observed by the primary (brown), secondary (beige), or both
(green) observers.

Snow and cloud cover also influenced sightability, however, the pattern depended on survey
phase and herd surveyed (Figure 3). The most noteworthy trends occurred for higher snow
cover (75%) for the Bathurst and higher cloud cover. Snow cover was evident in all surveys
with few observations of 0 snow cover and most within the 25-75% range. This range
corresponds to the “salt and pepper” patchy snow cover where sightability is lower. The lack
of “effect size” of snow cover (i.e minimal 0 and 100% snow cover observations) potentially
made it problematic to model the effect of increasing snow cover on observations. Instead,

sightability was lower (as modeled by an intercept term) due to the poor survey conditions.
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Figure 3: Frequencies of double observer observations by snow cover, cloud cover, survey
phase and survey for Bluenose-East and Bathurst June 2018 caribou surveys. Each
observation was categorized by whether it was observed by the primary, secondary, or both
observers.

Snow cover was modeled as a continuous (snow) or categorical covariate (snow25, snow50,
snow75) based on the categorical entries in the tablets. Model selection identified a strong
effect of the log of group size, observers, snow cover and the interaction of snow and cloud
cover (Table 3). An additional effect of snow cover at 75% for the Bathurst herd was evident.
Observer pairs were reduced to the pairs to those that showed substantial differences from

the mean level of sightability in the survey.
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Table 3: Double observer model selection using Huggins mark-recapture models in program
MARK for Bluenose-East and Bathurst June 2018 caribou surveys. Covariates follow Table 1
in the methods section of the report. Reduced observer pairs are denoted as reda and reds.
AIC,, the difference in AICc values between the ith and most supported model 1 (AAIC.),
Akaike weights (wi), and number of parameters (K), and deviance (Dev) are presented.

No Model AlCc AAIC, wi K Dev
1 log(group 764.99 0.00 0.33 8 748.9
size)+obs(reds)+order+herd*snow75+cloud+snow*clo
ud
2 log(group 767.02 2.03 0.12 9 748.9
size)+obs(redg)+order+herd*snow75+cloud+snow*clo
ud
3 log(group 768.15 3.16 0.07 8 752.1
size)+obs(reds)+order+snow75+cloud+snow*cloud
4 log(group 768.32 3.33 0.07 10 748.2
size)+obs(redg)torder+herd*snow75+cloud+snow+sn
ow*cloud
log(group size)+obs(redp)+order+herd*snow75+cloud 768.63 3.63 0.06 8 752.5
log(group size)+obs(reds)+order+snow+cloud 770.75 5.75 0.02 9 752.6
+snow*cloud
7 log(group 772.54 7.55 0.01 8 756.4
size)+obs(redg)torder+snow25+log(group)*snow25
log(group size)+obs(redp)+order+snow(categorical) 773.52 8.52 0.00 10 753.4
log(group 774.15 9.15 0.00 11 752.0
size)+obs(redg)+order+snow+snow?+cloud-+cloud’+sn
ow*cloud
10 log(group size) 781.88 16.89 0.00 2 777.9
11 log(group size)+snow +cloud 782.04 17.05 0.00 4 774.0
12 group size 783.22 18.22 0.00 2 779.2
13 log(group size)+snow25+cloud0 784.31 19.31 0.00 4 776.3
14 log(group size)+snow25+sno50+snow75+snow100 784.84 19.95 0.00 6 772.8
15  log(group size)+obs(all)) 785.96 20.97 0.00 13 759.7
16  constant 802.05 37.06 0.00 1 800.0

Plots of single and double observation probabilities show lower probabilities for individual
or smaller group sizes especially in moderate snow cover and higher cloud cover, for
Bluenose-East and Bathurst June 2018 caribou surveys (Figure 4). The mean detection
probability (across all groups) was 0.66 (CI=0.60-0.72). This compares to a mean probability
of 0.91 (CI=0.88-0.92) for the 2015 Bluenose and Bathurst surveys.
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Figure 4: Estimated single observer probabilities from model 1 (Table 3) by snow cover,
cloud cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou
surveys. Each observation is categorized by whether it was observed by the primary,
secondary, or both observers.

Double observer probabilities (the probability that at least one of the observers saw the
caribou) were higher but still relatively low for single caribou especially for cases of higher

cloud cover and snow cover (and for some observer pairs) (Figure 5).
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Figure 5: Estimated double observer probabilities from model 1 (Table 3) by snow cover,
cloud cover, survey phase and survey for Bluenose-East and Bathurst June 2018 caribou
surveys. Each observation is categorized by whether it was observed by the primary,
secondary, or both observers.

Estimates of total caribou in visual strata

Double observer estimates (using the MRDS R package) were about 5% higher than non

double observer estimates. Precision was lower than uncorrected count-based estimates but

still acceptable (Table 4).
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Table 4: Standard strip transect and double observer model estimates of caribou on

Bathurst visual strata in 2018 from the MRDS package in R.

Strata Caribou Standard estimate Double observer estimate

counted Estimate SE CvV Estimate SE Confidence interval CvV
West 88 S 1321 240% 567 14050 332 970  24.8%
East 220 1,244 2867 23.0% 1309 33270 773 2216 25.4%
Total 369 1,795 151.7 17.6% 1,877 360.9 1,265 2,783 19.2%
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Appendix 2: Bathurst collared female caribou histories 2016-2018

This figure presents the collar histories for each cow caribou from 2016 to 2018. Each black
point represents a monthly fix of a live caribou. Color larger dots represent presence on
delineated calving grounds. Fates of caribou are delineated by a square if the collar released

with the caribou being alive whereas stars denote mortalities.
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Appendix 3: Bayesian State space population model details

This appendix details the development of the Bayesian IPM state space model. The primary
state space model R coding was developed by Joe Thorley (Poisson Consulting,
poissonconsulting.ca) in collaboration with John Boulanger (Thorley and Boulanger 2019).
The demographic model used was similar to the previous OLS model used in previous
analyses. The primary development was to evolve model fitting to a more robust Bayesian
state space approach. The objective of this appendix is to provide a brief description of the
model used in the analysis rather than a complete description of the Bayesian model
approach. Readers interested in the Bayesian modeling approach should consult Kery and

Schaub (2011) which is an excellent introduction to Bayesian analysis.

Data Preparation

The estimates of key population statistics with SEs and lower and upper bounds were
provided in the form of an csv spreadsheet and prepared for analysis using R version 3.5.2

(R Core Team 2018).

Statistical Analysis

Model parameters were estimated using Bayesian methods. The Bayesian estimates were
produced using JAGS (Plummer 2015). For additional information on Bayesian estimation

the reader is referred to McElreath (2016).

Unless indicated otherwise, the Bayesian analyses used normal and uniform prior
distributions that were vague in the sense that they did not constrain the posteriors (Kery
and Schaub 2011, p. 36). The posterior distributions were estimated from 1500 Markov
Chain Monte Carlo (MCMC) samples thinned from the second halves of three chains (Kery
and Schaub 2011, pp. 38-40). Model convergence was confirmed by ensuring that the split
potential scale reduction factor R < 1.05 (Kery and Schaub 2011, p. 40) and the effective
sample size (Brooks et al. 2011) ESS > 150 for each of the monitored parameters (Kery and

Schaub 2011, p. 61). In addition, trace plots of Markov Chains and the posterior distributions
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were inspected to further check convergence and symmetry of estimated parameter

distributions.

The sensitivity of the estimates to the choice of priors was examined by multiplying the
standard deviations of the normal priors by ten and using the split R (after collapsing the
chains) to compare the posterior distributions (Thorley and Andrusak 2017). An unsplit R <

1.1 was taken to indicate low sensitivity.

The parameters are summarized in terms of the point estimate, standard deviation (sd), the
z-score, lower and upper 95% confidence/credible limits (CLs) and the p-value (Kery and
Schaub 2011, p 37 and 42). The estimate is the median (50th percentile) of the MCMC
samples, the z-score is mean/sd and the 95% CLs are the 2.5th and 97.5th percentiles. A p-

value of 0.05 indicates that the lower or upper 95% CL is 0.

The results are displayed graphically in the main body of the report with 95%
confidence/credible intervals (Cls, Bradford et al. 2005). Data are indicated by points (with
lower and upper bounds indicated by vertical bars) and estimates are indicated by solid lines

(with CIs indicated by dotted lines).

The analyses were implemented using R version 3.5.2 (R Core Team 2018) and the mbr
family of packages.
Model Descriptions

The data were analyzed using state-space population models (Newman et al. 2014).

Population

The fecundity, breeding cow abundance, cow survival, fall bull cow, fall calf cow and spring
calf cow ratio data complete with SEs were analyzed using a stage-based state-space
population model similar to Boulanger et al. (2011). Key assumptions of the female stage-

based state-space population model include:

e Calving occurs on the 11th of June (with a year running from calving to calving)
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e Cow natural survival from calving to the following year varies continually and
randomly by year.

e Bull natural survival from calving to the following year varies randomly by year.

e Cow and bull natural survival is constant throughout the year.

e Harvest of cows and bulls occurs on the 15th of January.

e Yearling survival to the following year is the same as cow natural survival.

e C(Calf survival varies between the summer and winter seasons and randomly by year.

e The calf sex ratio is 1:1.

e The proportion of breeding cows is the fecundity the previous year.

e Fecundity varies randomly by year.

e Female yearlings are indistinguishable from cows in the fall and spring surveys.

e The uncertainty in the number of breeding cows in the initial year is described by a
positively truncated normal distribution with a mean of 200,000 and a standard
deviation of 50,000.

e The number of cows in the initial year is the number of breeding cows in the intial
year divided by the fecundity in a typical year.

e The number of bulls in the initial year is two thirds the number of cows in the initial
year.

e The number of calves in the initial year is the number of breeding cows in the initial
year.

e The number of yearlings in the initial year is the number of calves in the initial year
multiplied the calf survival in a typical year.

e The uncertainty in each data point is normally distributed with a standard deviation

equal to the provided SE.

Model Templates
The base R code used in the analysis is summarized below.
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Population (R-code)

. model {
bSurvivalCow ~ dnorm(0, 2"-2)
bSurvivalBull ~ dnorm(0, 2/-2)
bFecundity ~ dnorm(0, 2”-2)
bSurvivalCalfSummerAnnual ~ dnorm(0, 2/-2)
bSurvivalCalfWinterAnnual ~ dnorm(0, 2-2)

sSurvivalCowAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalBullAnnual ~ dnorm(0, 1*-2) T(0,)
sFecundityAnnual ~ dnorm(0, 1*-2) T(0,)
sSurvivalCalfAnnual ~ dnorm(0, 1*-2) T(0,)
for(i in 1:nAnnual){
bSurvivalCowAnnual[i] ~ dnorm(0, sSurvivalCowAnnual”*-2)
bSurvivalBullAnnual[i] ~ dnorm(0, sSurvivalBullAnnual”-2)
bFecundityAnnual[i] ~ dnorm(0, sFecundityAnnual”*-2)
bSurvivalCalfAnnual[i] ~ dnorm(0, sSurvivalCalfAnnual”-2)

logit(eSurvivalCow[i]) <- bSurvivalCow + bSurvivalCowAnnual[i]
logit(eSurvivalBull[i]) <- bSurvivalBull + bSurvivalBullAnnual[i]
logit(eFecundity[i]) <- bFecundity + bFecundityAnnual[i]
logit(eSurvivalCalfSummerAnnual[i]) <- bSurvivalCalfSummerAnnual +
bSurvivalCalfAnnual[i]
logit(eSurvivalCalfWinterAnnual[i]) <- bSurvivalCalfWinterAnnual +
bSurvivalCalfAnnual[i]
}
bBreedingCows1 ~ dnorm (200000, 50000”-2) T(0,)
logit(eFecundity1) <- bFecundity
logit(eSurvivalCalfSummerAnnual1l) <- bSurvivalCalfSummerAnnual
logit(eSurvivalCalfWinterAnnual1l) <- bSurvivalCalfWinterAnnual

bCows[1] <- bBreedingCows1 / eFecundity1

bBulls[1]<- bCows[1] *2 / 3

bCalves[1] <- bBreedingCows1

bYearlings[1] <- bCalves[1] * eSurvivalCalfWinterAnnual1”(154/365) *
eSurvivalCalfWinterAnnual1(211/365)

bSpringCalfCow[1] <- bCalves[1] / (bCows|[1] + bYearlings[1] / 2)

bCowHarvestRate[1] <- CowHarvestRate[2]

bBullHarvestRate[1] <- BullHarvestRate[2]

for(i in 1:nAnnual) {
eJuneToFallCor[i] <- FallCalfCowDays[i] / 365

eFallCows[i] <- bCows][i] * eSurvivalCow][i]*eJuneToFallCor([i]
eFallBulls[i] <- bBulls[i] * eSurvivalBull[i]*eJuneToFallCor[i]
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eFallYearlings[i] <- bYearlings][i] * eSurvivalCow][i]*eJuneToFallCor[i]
eFallCalves][i] <- bCalves[i] * eSurvivalCalfSummerAnnual[i]*eJuneToFallCor(i]

bFallBullCow[i] <- (eFallBulls[i] + eFallYearlings[i]/2) / (eFallCows][i] +
eFallYearlings[i] /2)
bFallCalfCow([i] <- eFallCalves[i] / (eFallCows[i] + eFallYearlings[i]/2)

}

for(i in 2:nAnnual) {
eFallToJanCor[i] <- (218 - FallCalfCowDaysJ[i-1])/365
eJanToSpringCor[i] <- (SpringCalfCowDays[i] - 218) / 365
eSpringToJuneCor[i] <- (365 - SpringCalfCowDaysJi]) / 365

eJanCows]Ji] <- eFallCowsJ[i-1] * eSurvivalCow/[i-1]*eFallToJanCor[i]
eJanBulls[i] <- eFallBulls[i-1] * eSurvivalBull[i-1]*eFallToJanCor]i]
eJanYearlings[i] <- eFallYearlings[i-1] * eSurvivalCow[i-1]*eFallToJanCor]i]

bCowHarvestRate[i] <- CowHarvestRate[i]
bBullHarvestRate[i] <- BullHarvestRate[i]

eSpringCowsJi] <- eJanCows][i] * (1 - bCowHarvestRate[i]) * eSurvivalCow[i-
1]*eJanToSpringCor[i]

eSpringBulls[i] <- eJanBulls[i] * (1 - bBullHarvestRate[i]) * eSurvivalBull[i-
1]*eJanToSpringCor[i]

eSpringYearlings[i] <- eJanYearlings[i] * eSurvivalCow[i-1]*eJanToSpringCor([i]

eSpringCalves|[i] <- bCalves[i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*((SpringCalfCowDaysJi] - 154) / 365)

bSpringCalfCow(i] <- eSpringCalves][i] / (eSpringCows][i] + eSpringYearlings[i] /2)

bCowsJi] <- (eSpringCowsJi] + eSpringYearlings[i] / 2) * eSurvivalCow[i-
1]*eSpringToJuneCor(i]

bBulls[i] <- eSpringBulls[i] * eSurvivalBull[i-1]*eSpringToJuneCor([i] +
eSpringYearlings[i] / 2 * eSurvivalCow[i-1]*eSpringToJuneCorl[i]

bYearlings|[i] <- bCalves][i-1] * eSurvivalCalfSummerAnnual[i-1]*(154/365) *
eSurvivalCalfWinterAnnual[i-1]*(211/365)

bCalves|[i] <- bCowsJi-1] * eSurvivalCow[i-1] * (1 - bCowHarvestRate[i]) * eFecundity[i-1]

}

for(i in SurvivalAnnual) {
CowSurvival[i] ~ dnorm(eSurvivalCow[i] * (1 - bCowHarvestRate[i+1]),
CowSurvivalSE[i]*-2)

}

for(i in CowsAnnual) {
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BreedingProportion[i] ~ dnorm(eFecundity[i-1], BreedingProportionSE[i]*-2)
eBreedingCowsJi] <- bCows|i] * eFecundity[i-1]
BreedingCows[i] ~ dnorm(eBreedingCowsJi], BreedingCowsSE[i]*-2)

}

for(i in FallBCAnnual) {
FallBullCow[i] ~ dnorm(bFallBullCow[i], FallBullCowSE[i]*-2)

}

for(i in FallAnnual) {
FallCalfCow[i] ~ dnorm(bFallCalfCow(i], FallCalfCowSE[i]*-2)

}

for(i in SpringAnnual) {
SpringCalfCow[i] ~ dnorm(bSpringCalfCow][i], SpringCalfCowSE[i]*-2)
}

Parameter estimates
The Bayesian model estimated principal parameters pertaining to the mean estimates of

fecundity, bull survival, calf survival and cow survival. In addition, temporal variation in calf
survival, bull survival, fecundity, and cow survival were estimated as random effects (Table

1).
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Table 1: Bayesian IPM state space model coefficients. Parameters are given on the logit scale
(which are then transformed to the probability scale using a logit transform). Parameter
significance is determined by overlap of confidence limits with 0. The parameters are
summarized in terms of the point estimate, standard deviation (sd), the z-score, lower and
upper 95% CI/CLs and the p-value (Kery and Schaub 2011, p 37 and 42). The estimate is the
median (50th percentile) of the MCMC samples, the z-score is mean/sd and the 95% CLs are
the 2.5th and 97.5th percentiles. A p-value of 0.05 indicates that the lower or upper 95% CL
is 0.

term estimate sd zscore lower upper pvalue

Main effects

bFecundity 1.018 0269 3.837 0524 1.567 0.000
bSurvivalBull 0.785 0.173  4.685  0.531 1.242 0.000
bSurvivalCalfSummerAnnual -0.388 0.323  -1.135 -0.937 0.332 0.258
bSurvivalCalfWinterAnnual 0.072 0272  0.304 -0.450 0.621 0.759
bSurvivalCow 1.650 0.127 13.104 1.441 1.946 0.000
Random effects

sFecundityAnnual 1.042 0.220 4.850 0.708  1.571 0.000
sSurvivalBullAnnual 0.421 0.327 1.447  0.035 1.250 0.000
sSurvivalCalfAnnual 1.081 0.218  5.053 0.752  1.609 0.000
sSurvivalCowAnnual 0.554 0.175 3.274 0291 0969 0.000

Model fit was judged using R-hat value which suggested adequate model convergence. In
addition, the distribution of parameter estimates was inspected to assess model convergence

(Table 2).

Table 2: Model summary. N is the number of parameters, nchains is the number of Markov
Chains used, nthin is the number of Markov Chain samples that were thinned, ess is the
effective sample size, R-hat is the R-hat convergence metric and convergence is the score
based on effective sample size and number of parameters in the model.

n K nchains niters nthin ess R-hat converged
34 10 3 1000 200 1473 1.002 TRUE

Unsplit R-hat values were used to assess if choice of prior distribution influenced the

posterior distribution of parameter estimates (Table 3).
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Table 3: Split R-hat values indicating sensitivity of posterior distributions to the choice of
priors.

term R-hat
bBreedingCows1 1.019
bFecundity 1.023
bSurvivalBull 1.009

bSurvivalCalfSummerAnnual 1.005
bSurvivalCalfWinterAnnual 1.002

bSurvivalCow 1.002
sFecundityAnnual 1.032
sSurvivalBull Annual 1.027
sSurvivalCalfAnnual 1.006
sSurvivalCowAnnual 1.011
bBreedingCows1 1.019

The Bayesian model generated yearly estimates of demographic parameters as well as field
measurements which were used in the fitting of the model. These estimates are detailed in

Table 4. Most of the actual estimates are shown in Figures 9 to 14 of the main report.
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Table 4: Parameter descriptions for estimates generated by the model. Parameter estimates
are shown in Figures 31 to 35 in the main report.

Parameter Description
Annual The year as a factor
bCowsl The number of cows in the initial year
bFecundity The proportion of cows breeding in a typical year
BreedingCows|1] The data point for the number of breeding cows in the i" year
BreedingCowsSE][i] The SE for BreedingCows|[1]
BreedingProportion][i] The data point for the proportion of cows breeding in the i

BreedingProportionSE[1]
bSurvivalBull
bSurvivalCalfAnnual[i]

bSurvivalCalfSummerAnnual
bSurvivalCalfWinterAnnual

year
The SE for BreedingProportionSE[i]
The log-odds bull survival in a typical year

The random effect of the i" Annual on
bSurvivalCalfSummerAnnual and
bSurvivalCalfWinterAnnual

The log-odds summer calf survival if it extended for one year
The log-odds winter calf survival if it extended for one year

bSurvivalCow The log-odds cow (and yearling) survival in a typical year

bSurvivalCowAnnual[i] The random effect of the i Annual on bSurvivalCow

BullHarvestRate][1i] The proportion of bulls harvested in January of the i year

CowHarvestRate[1] The proportion of cows harvested in January of the i year

CowSurvival[i] The data point for cow survival from the i-1" year to the i
year

CowSurvivalSE[i] The SE for CowSurvivalSE[i]

FallBullCowl[i] The data point for the bull cow ratio in the fall of the i year

FallBullCowSE[i] The SE for FallBullCow[i]

FallCalfCowl[i] The data point for the calf cow ratio in the fall of the i year

FallCalfCowSE[i] The SE for FallCalfCow[i]

SpringCalfCow([1i] The data point for the calf cow ratio in the spring of the i
year

SpringCalfCowSE][1] The SE for SpringCalfCow[i]

sSurvivalCalfAnnual The SD of bSurvivalCalfAnnual

sSurvivalCowAnnual The SD of bSurvivalCowAnnual

Figure 1 displays sensitivity of parameter estimates and trends in parameter estimates to

inclusion of the 2018 breeding female estimate. It can be seen that inclusion or exclusion of

this estimate affects both estimates of cows, breeding cows, and bull + cows, but also

estimates of cow survival. In most cases, estimates of survival are lower as well as estimates
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of fecundity/productivity prior to the 2018 survey. In both cases reduction of these

parameter values results in a lower estimate of caribou on the 2018 calving ground.

Adult cows Breeding cows Bull survival
30000 4 : : e
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Figure 1: Estimates of principal demographic parameters from the IPM with the 2018
breeding female estimate included and excluded. Confidence limits are given as dashed lines
around model predictions.

The harvest estimates used in the demographic model are given in Table 5.
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Table 5: Harvest estimates and approximate harvest rates used in the demographic model.
Rate is estimated harvest divided by estimate cow or bull abundance each year. Estimates
based on Dogrib Harvest study, Boulanger et al. 2011, and approximate harvest levels

estimated since 2010 (B. Croft, Unpublished).

Year Harvest Harvest rate
estimate

COWS bulls COWS bulls
1985 8380 7484 0.034 0.046
1986 8380 7484 0.036 0.050
1987 8380 7484 0.039 0.061
1988 8380 4606 0.043 0.042
1989 8380 3855 0.042 0.033
1990 8450 8970 0.045 0.086
1991 11626 10073 0.066 0.108
1992 9046 9685 0.051 0.103
1993 13107 7712 0.082 0.099
1994 8380 7484 0.053 0.092
1995 8380 7484 0.058 0.109
1996 8380 7484 0.058 0.103
1997 8380 7484 0.063 0.119
1998 8380 7484 0.068 0.132
1999 8380 7484 0.073 0.134
2000 8380 7484 0.081 0.176
2001 5000 2000 0.055 0.064
2002 5000 2000 0.064 0.071
2003 5000 2000 0.071 0.089
2004 5000 2000 0.086 0.102
2005 5000 2000 0.105 0.117
2006 5000 2000 0.130 0.142
2007 5000 2000 0.160 0.227
2008 5000 2000 0.193 0.289
2009 5000 2000 0.210 0.226
2010 5 70 0.000 0.008
2011 5 70 0.000 0.007
2012 5 70 0.000 0.007
2013 5 70 0.000 0.009
2014 5 70 0.000 0.014
2015 5 70 0.001 0.015
2016 5 70 0.001 0.017
2017 5 70 0.001 0.019
2018 5 70 0.001 0.019
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Appendix 4: Trends in Bathurst Calving Ground Size and Densities 2009-2018

Introduction
This document provides additional information on calving ground size, distribution of

caribou on calving grounds, and core calving ground densities on the Bathurst herd calving
grounds 2009-2018, based on reconnaissance survey and photo survey data. The core area
has also been referred to as the “annual concentrated calving area” by Russel et al 2002.
Information on the Bluenose-East herd’s calving ground size and densities and spatial
distribution of caribou was requested during the WRRB April 2019 Bluenose-East Caribou
Hearing. A summary on the Bluenose-East herd’s patterns 2010-2018 was included as an
appendix in the 2018 survey report (Boulanger et al. 2019). Similar analyses were also
carried out for the Bathurst herd 2009-2018 based on calving ground surveys, and the

results are included here.

This document provides a summary of data from previous surveys as opposed to full
documentation of methods used to define core calving areas. For full descriptions of survey
methods and results, readers should refer to calving photo survey results for the Bathurst
herd in 2009 (Nishi et al. 2010), 2012 (Boulanger et al. 2014), 2015 (Boulanger et al. 2017)

and 2018 (main text of this report).

Methods
Trends in segment densities from reconnaissance surveys flown during calving photo

surveys were initially assessed to infer distribution and aggregation of higher densities of
caribou. Segments that were contained within core calving strata were included in the
analysis. Data were plotted spatially and by segment density class. Core calving area was

defined by the presence of breeding caribou in contiguous segments.

Estimates of density based on photo survey data and core calving ground size (based on the
area of survey strata) were used to estimate numbers of adult and breeding females. One
potential issue with this approach is that the degree of aggregation of adult and breeding
females varies among years, and therefore changes in the core area will be due to both

changes in abundance, aggregation, and survey coverage. For example, in years of high
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aggregation the core area might be surveyed primarily by photo survey methods whereas
photo and visual survey methods would be used when aggregation is lower. Therefore,
defining core areas as those just photo surveyed may not represent the true density and
distribution of breeding females. To explore this issue, we derived a weighted core calving
ground index based on the summation of the product of stratum areas and proportions of
breeding and adult females. For example, if a 100 km? stratum had 20% breeding females,
then the core calving ground index was estimated as 20 kmZ2. Each survey stratum area was
scaled using this approach and summed for the survey year to provide the aggregate core
calving ground index value. Density estimates using this approach will be more robust to
differences in calving ground surveys where layout and types of strata (i.e., photographic
and visual) would vary. For example, this approach avoids the subjective inclusion or
exclusion of survey strata areas for estimation of core areas and uses all the survey strata to
estimate core area. However, the actual core calving ground index will not directly pertain

to a defined geographic area.

Results
Plots of segment densities for the Bathurst herd from calving ground surveys 2009-2018

suggest different levels of aggregation for each survey year, with the highest levels in 2012
(Figure 1). The core area in 2018 was reduced to only low and medium density segments
with no high density segments. The annual concentrated calving area for the Bathurst herd
in 2018 was to the west of Bathurst Inlet. Segments near Bathurst Inlet, which contained
intermittent pockets of females, are shown for reference purposes. This pattern of low
densities on either side of Bathurst Inlet included some collared caribou cows, and was not
observed in previous years. Estimation of the core area based on the survey strata detailed

in the next section provides further inference on the core area in 2018.

119



2009 2012

L] L] [ ] e 9P~
e e 088 s @ . T
s o0 0 e e o a
L] ® - ° ]
. :? e e . - 90 09
e 0 s 0
2015 2018
e +0 ofes b .
o8 a@le- ® e 9
eee +soolbece e e
e o ..-.o... L = LI
v+ @Gee & ftre i
-
s e@ee
e eece L]

. ® 5 @ 15 @ 25 @ 35 Category °* low * medium * high
Density o 1) @ 20 ® 30 @ 40

Figure 1: Maps of segment densities from reconnaissance surveys of the Bathurst caribou
herd from calving ground surveys 2009-2018. Low density = <1 caribou/km?2, medium
density = 1-9.9 caribou/km?, and high density = at least 10 caribou/km?.

Plots of segment densities also illustrate the higher level of aggregation in 2012 with fewer

lower and medium density segments in comparison to high density segments (Figure 2).
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Figure 2: Segment densities in annual concentrated calving areas for the Bathurst caribou
herd 2009-2018. Low density = <1 caribou/km?2, medium density = 1-9.9 caribou/km?, and
high density = at least 10 caribou/km?2.

Median segment densities were below 5 caribou per km? for all years except 2012 (Figure

3).
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Figure 3: Boxplot of segment densities on calving ground surveys for the Bathurst herd
2009-2018.

A comparison of core areas further demonstrates the higher level of aggregation in 2012

with a smaller core area compared to other years (Figure 4).
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Figure 4: Area of core survey strata, area weighted by proportion of breeding females, and
area weighted by proportion of adult females in survey strata by year for the Bathurst herd
2009-2018.

During this time, estimates of abundance of adult and breeding females stabilized from 2009-

2012 followed by a decline from 2012-2018 (Figure 5).
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Figure 5: Estimates of abundance of adult and breeding females on core calving areas 2009-
2018 for the Bathurst herd.

Density was estimated by dividing abundance (Figure 5) by core area (Figure 4). Plots of core
densities suggest an increase from 2009-2012 followed by a decrease from 2012-2018
(Figure 5). The increase in density in 2012 was partially due to a decrease in core area of the
calving ground rather than a substantive increase in overall abundance (Figure 6). Trends in

density estimates using the core and weighted methods were reasonably similar.
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Figure 6: Densities (number/km?) of adult females and breeding females in survey strata
using total area (Strata area) and corresponding breeding female or adult female areas, for
Bathurst calving ground 2009-2018. The size of symbols is proportional to the calving
ground area used for density estimates.

Discussion
This report is based on Bathurst caribou calving photo surveys (2009-2018) and provides a

summary of trends in caribou distribution, core calving ground area, and caribou densities
in core calving ground areas. Defining the core calving area is challenging due to differences
in levels of aggregation of caribou during each survey year. We describe a weighted method
used to describe trends based on a calving ground core area index, which attempts to
confront this issue by weighting the contribution of survey stratum to the overall estimate
of core area by the proportion of adult and breeding females estimated in the given strata.
The resulting core area index values are best used to infer trends rather than define an

absolute area.

In general, aggregation of the Bathurst herd increased in 2012, as indicated by a reduced
core calving ground area with increasing density, followed by a decline in density from 2012-

2018 (Figure 6).
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Alternative methods such as use of collared caribou locations could be used to further infer
core areas. This type of analysis could be useful for the 2018 survey year when the core area

was mainly defined in a single small area. This type of analysis is beyond the scope of this

report but could be pursued in the future.

LITERATURE CITED - see main text
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1.0. Executive Summary

The Wek’éezhii Renewable Resources Board (WRRB) is responsible for wildlife
management in Wek’éezhii and shares responsibility for managing and monitoring the
Kok'eeti ekwo (Bathurst caribou) herd. In November 2018, the Department of
Environment and Natural Resources (ENR), Government of the Northwest Territories
(GNWT) reported that, in their view, the Kok’'éeti ekwg herd had continued to decline
significantly and that further management actions were required.

In January 2019, the Thcho Government (TG) and GNWT submitted the Joint Proposal
on Management Actions for the Bathurst ?ekw¢ (Barren-ground caribou) Herd 2019-
2021 to the Board, outlining proposed management actions for the Kok’éeti ekwo herd
in Wek’éezhii. The management actions proposed by TG and GNWT in the Joint
Proposal were grouped under the five categories: harvest, predators, habitat and land
use, and education as well as research and monitoring. More specifically, TG and ENR
proposed continuing a herd-wide total allowable harvest of zero for the Kok'eeti ekwg
herd. Following an initial assessment of the management proposal, the Board
determined that a Level 2 review was appropriate, as per its Rule for Management
Proposals. Therefore, the Board established a proceeding and an online public registry
on February 4, 2019.

The WRRB concluded, based on current evidence and its decision made in 2016, that a
serious conservation concern continues to exist for the Kok’'eeti ekwg herd and that
additional management actions are vital for herd recovery. In making its decision about
harvest limitations, the WRRB considered the risks to the herd from a recent high rate of
decline, uncertainties about the underlying mechanisms for the decline and the
importance of Pekwg (barren-ground caribou) for Tticho citizens to thrive — physically,
spiritually, and culturally.

The WRRB determined that a TAH of zero shall be continued for all users of the
Kok’eeti ekwo herd within Wek’éezhii for the 2019/20 and 2020/21 harvest seasons.

As the Mobile Core Bathurst Caribou Conservation Area (MCBCCA) continues to be
utilized to implement the zero TAH, the WRRB recommended that the effectiveness of
the zone in achieving Kok’eeti ekw@ conservation goals be quantitatively assessed
while considering both overlap with adjacent herds and inadvertent harvesting. As
monitoring of the Kgk’éeti ekw@ harvest is crucial for management decisions, the Board
recommended that TG hire additional community monitors.

The 2018 calving ground survey report made it clear that emigration has become a
significant factor contributing to the decline of the Kgk'éeti ekw@ herd. This information
is new and adds a deeper level of uncertainty to the future of the herd. The WRRB
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recommended that TG and GNWT provide a plain language description of their
positions regarding the implication of emigration on Kok’'éeti ekwg, and how it will
influence adaptive management of the herd.

To improve our understanding of the role of predators on the decline of the Kok'eeti
ekwo herd, the WRRB recommended that TG and GNWT provide the WRRB with
information on the sighting rates of predator and the criteria to be used in determining
the targeted number of predators to be removed annually. Additionally, the WRRB is to
be provided with the criteria for Diga (wolf) removal based on (i) diga sightings during
Kok'éeti ekwg composition surveys and (ii) likely exposure of Kok’éeti ekwg to diga
associated with neighbouring herds during the winter season.

The Enhanced North Slave Diga Harvest Incentive Program is being used as a method
of diga removal on the winter range of Kok’eeti and Sahti ekw¢ (Bluenose-East
caribou). To ensure that this program is contributing to conservation efforts of Kok’eeti
ekwo, the Board recommended that the location and number of diga harvested are
provided to the Board each year and that criteria are developed to measure the
effectiveness of the program, based on scientific and traditional knowledge.

TG runs a Community-based Harvest Training Program and the WRRB recommended
that the location and number of diga harvested be provided to the Board as well as an
assessment of how the training will contribute to future diga harvesting and
management. Additionally, the Board recommended that TG and GNWT coordinate the
Enhanced North Slave Diga Harvest Incentive Program and the Community-based Diga
Harvest Training Program to determine their role in removing the targeted number of
diga.

The WRRB is currently working on a Sahcho (grizzly bear) biological and management
feasibility assessment. In order to improve efficiencies, the Board recommended that
Nogha (wolverine) be included in this assessment.

The WRRB acknowledged that the range of the KQk’eeti and Sahti ekw¢ extends
beyond Wek'éezhil and the Northwest Territories. However, there has been a lack of
progress on the joint management of predators and land management across territorial
borders. As such, the Board recommended that GNWT and TG develop a draft
agreement and timelines to jointly manage the Kgk’éeti and Sahti ekw in cooperation
with other co-managers.

Thcho community members as well the general public should be made aware of the

status of the 2ekw@ and should be made aware about efforts being made to halt their
decline. The WRRB recommended that the successes and challenges of TG’s ekwg
Naxoede K’e program be communicated to the Tticho communities and schools.
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The decline of KQk'éeti ekwg affects the well-being of THchg citizens and the Board
recommended that TG and GNWT discuss priorities and solutions for food security. The
Board also recommends that TG and GNWT exchange information about 2ekwg
regarding the reasons for the declines and the factors which continue to affect the
declines.

Time is now of the essence for the management of Kok’'éeti ekwd and the Board
supported the increase of population surveys to every two years but notes that efforts
should be made to have them occur concurrently with neighbouring Sahti ekw¢ and
Beverly/Ahiak herds. The Board also supported the implementation of a pregnancy
monitoring program utilizing fecal pellet collection.

The Board recommended the Ttichg Research and Monitoring Program be implemented
to ensure that both 2ekw¢ and 2ekwg habitat monitoring and realistic harvesting
numbers are recorded in a culturally appropriate manner while feeding into adaptive
management. The Board recommended that the Ekwo Naxoede K’e collect on-the-
ground climate change observations to be incorporated into an adaptive management
framework.

The Board recommended that TG and GNWT collaborate with the WRRB to develop a
herd-specific adaptive management framework with thresholds linked to specific
management actions.

2.0. Introduction

By 2018, the Kok’eeti ekw@ herd was at its lowest recorded size, with GNWT and TG
stating that “the current small and declining number of mature caribou in the Bathurst
herd is a critical conservation status”.® The herd has declined from approximately
472,000 in 1986 to about 8,200 in 2018, based on the latest calving ground survey in
June 2018 (Figure 1). This is an unprecedented decline in herd size, approximately 98%
over the last 32 years. While the small herd size is startling, the Board is more alarmed
by the accelerated rate of decline of 29% per year since 2015 and what the future holds
for the Kok’eeti ekw@ herd.

1 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021.
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Figure 1. Bathurst Caribou Population (by survey year).?

Despite best efforts to halt it, the decline of the Kok’éeti ekw@ herd has continued. The
herd rapidly declined from 2006-2009 and the WRRB made the difficult decision to
severely restrict harvests in 2010. The decision seemed to be justified when the herd’s
numbers stabilized between 2009 and 2012.3 Unfortunately, the decline again
accelerated and, in 2016, the WRRB determined that the total allowable harvest (TAH)
should be zero, which caused distress and hardship for harvesters. Despite halting
harvest, the decline in the Kok'eeti ekwg herd continued, which indicated that
harvesting was not the only cause of low adult 2ekw@ survival. As such, the WRRB, in
2016, made recommendations to increase 2ekwq survival and offset natural hardships
for 2ekwq by increasing diga harvesting, conducting a feasibility assessment for diga
management, and supporting habitat conservation and monitoring.

In 2019, the Board received evidence that the causes of the decline are now more
complicated as some collared cows moved to the neighboring Beverly/Ahiak herd’s
calving ground in 2018 and 2019, which has added emigration as a cause of the decline
in Kok'éeti ekwd herd size.

The reduced herd size and extent of the decline, as of June 2018, is reported in the
2019 Joint Proposal, entitled “Joint Proposal on Management Actions for the Bathurst
Ekwo (Barren-ground caribou) Herd: 2019 — 2021” (the “Joint Proposal”) (Appendix A).*

2 https://www.enr.gov.nt.ca/en/services/caribou-de-la-toundra/bathurst-herd.

3 Ibid.

4 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.
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TG and GNWT submitted the Joint Proposal on January 22, 2019. Since the Board was
not required to consider a change in harvest restrictions, i.e. the TAH remained at zero,
the WRRB undertook a Level 2 management proposal review, as per its Rule for
Management Proposals.® The Board implemented review procedures, which included
an open public comment period from February 4 to April 5, 2019.

The short-term goal of the 2019 Joint Proposal’s proposed management actions is to
halt the Kok’eeti ekw@ herd’s decline and promote recovery over the period of 2019 to
2021. The long-term goal of the Joint Proposal is recovery of the herd to a level which
meets community needs and where sustainable harvesting is once again possible within
Mowhi Gogha Dé Nyjttee.

The Joint Proposal is clear that the Kok'eeti ekwg herd is in “a critical conservation
status that requires implementation of an integrated suite of recovery management
actions”.® Despite these goals, the Joint Proposal also states that the proposed specific
management actions will not halt the decline.” This puts the herd in a fragile and
perilous position.

This report describes the WRRB’s assessment of the evidence on the record and is the
basis for the Board’s determinations and recommendations.

3.0. The Board and Its Authorities
3.1. WRRB Mandate & Authorities

The WRRB is responsible for the wildlife management functions set out in the Tticho
Agreement in Wek’éezhii @ and shares responsibility for the management and
monitoring of the Kok’éeti ekw@ herd. The WRRB is a co-management tribunal
established by the THchg Agreement to exercise advisory and decision-making
responsibilities related to wildlife, forest, plant and protected areas management in
Wek’éezhii (Figure 2). The Board’s legal authorities came into effect at the time the
Thcho Agreement was ratified by Parliament.® Section 12.1.5 of the Agreement requires
the Parties!® to manage wildlife based on the principles of conservation, on an

5 https://www.wrrb.ca/sites/default/files/REV%20FINAL %20Rule%20-%20Management%20Proposals%20-
%20160ct18.pdf.

6 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

7 Ibid.

8 Section 12.1.2 of the Land Claims and Self-Government Agreement Among the Tticho and the Government of the
Northwest Territories and the Government of Canada, Indian Affairs and Northern Development, Ottawa, 2003
(hereinafter the “Ttchg Agreement”).

9 Ticho Land Claims and Self-Government Act, S.C. 2005, c.1. Royal assent February 15, 2005. See s.12.1.2 of the
Thcho Agreement.

10 This includes the Ttchgo Government, the Government of the Northwest Territories and the Government of Canada.
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ecosystemic basis and in an adaptive fashion.'! The WRRB’s major authorities and
responsibilities in relation to wildlife are further set out in Chapter 12 of the TtchQ
Agreement.1?

Howkmfel

Figure 2. Wek’éezhit Management Area.'?

As required by Sections 12.5.1 and 12.5.4 of the Thcho Agreement, any Party!#
proposing a wildlife management action in Wek’eezhii must submit a management
proposal to the WRRB for review. This includes the establishment or adjustment of a
TAH. Prior to making a recommendation, the WRRB must consult with any body that
has authority over that wildlife species both inside and outside of Wek’éezhii. Under
Section 12.5.5 of the Agreement, the WRRB has sole responsibility for making a final
determination with respect to a TAH for Wek’éezhi.

11 See Section 12.1.5 paragraphs (a) and (d) of the Thchg Agreement.

12 See Section 12 of the Thcho Agreement.

13 Department of Culture & Lands Protection, Tticho Government. 2014.

14 As defined in the THcho Agreement, “Parties” mean the Parties to the Agreement, namely the Thcho, as
represented by the Ttichg Government, the Government of the Northwest Territories and the Government of Canada.

WRRB Proceeding Report & Reasons for Decision — Kok'éeti Ekwg (Bathurst Caribou) Herd 11
October 4, 2019



The WRRB acts in the public interest. It is an institution of public government, which
makes its decisions on the basis of consensus. Part 12.1 of the Ttichg Agreement
requires the coordination of the functions of governments (authorities whose
responsibilities include wildlife management among other functions).'®> The WRRB
works closely with THchg communities, TG, and GNWT. The Board also collaborates
with other territorial government departments, such as Lands and Industry, Tourism and
Investment, and federal government departments, such as Environment and Climate
Change Canada, Fisheries and Oceans Canada, and Crown-Indigenous Relations and
Northern Affairs Canada (CIRNAC). In addition, the WRRB works with other wildlife
management authorities, Indigenous organizations and stakeholders.

Wildlife management is a central and vital component of the Tticho Agreement.1® The
rights of Ttjchq citizens to use wildlife for sustenance, cultural, and spiritual purposes
are protected by the Ttjcho Agreement and the Constitution'?, subject to the
management framework set out in Chapter 12.

The WRRB is bound by the Ttichg Agreement if it is contemplating any limitation to
Thcho citizens’ harvesting, including any limitation to the harvesting of Kok’eeti ekwg.
More specifically, Section 12.6.1 specifies that a TAH level shall be determined for
conservation purposes only and only to the extent required for such purposes.® The
Thcho Agreement defines conservation as follows:

“conservation” means
(a) the maintenance of the integrity of ecosystems by measures such as
the protection and reclamation of wildlife habitat and, where necessary,
restoration of wildlife habitat; and
(b) the maintenance of vital, healthy wildlife populations capable of
sustaining harvesting under the Agreement.

In addition to the substantive legal protection for Tcho citizens’ harvesting rights set out
in the Thcho Agreement, the WRRB is also bound by the requirements of fairness.
Section 12.3.10 gives the Board the authority to order a public hearing on a wildlife
management proposal and makes it mandatory for the WRRB to hold a public hearing
when it intends to consider establishing a TAH in respect of a species or a population
such as the Kok'eeti ekw@ herd.

15 See Section.12.1.4 of the Thcho Agreement.
16 See Section.12.1.1 of the Thcho Agreement.
17 Constitution Act. 1982. Section 35.

18 See Section 12.6.1 of the Tticho Agreement.
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3.2. Rule for Management Proposals

Under Section 12.3.6, the WRRB has the authority to make rules respecting the
procedure for making applications to the Board. The WRRB has developed a Rule for
Management Proposals!® as a guide for making management proposal submissions,
including actions taken in the issuance of licences, permits and other authorizations.

Section 12.5.1 of the Thchg Agreement is mandatory. Except in an emergency situation
as set out in 12.5.14, it requires that a Party, before taking “any action for management
of wildlife in Wek’eezhii submit its proposals to the WRRB for review under 12.5.4". This
section of the Agreement is intended to be broadly inclusive of wildlife management
initiatives.

The WRRB, depending on the nature, content and context of a management proposal,
will undertake one of three levels of review:

e Level 1 — will require Board or Board Staff (as directed by the Board) review but
no public consultation;

e Level 2 — will require Board review and Board-led public consultation (no public
hearing); or,

e Level 3 — will required Board review and Board-led public consultation with a
public hearing.

Except where in the Board’s view the proposal will require the establishment of a TAH
as stated in Section 12.3.10 of the THchg Agreement, all submissions are treated
initially as a Level 1 review. Following assessment, the Board has the discretion to
increase the level of review as it deems appropriate. For Level 2 management
proposals, the Board may establish a proceeding and an online public registry.
Notification of the proceeding and a request for comments will be made via its website,
newspaper, social media and radio advertisements with a reasonable period granted to
allow affected stakeholders and the public to provide comment.

Following closure of the public comment period, the WRRB reviews and provides
recommendations. Level 2 management proposals may require up to 90 days for
consultation, review and response. As per Section 12.5.8 of the Ttichgo Agreement, the
Board “shall give public notice of their recommendations” by posting them on their
website (www.wrrb.ca).

19 https://www.wirrb.ca/sites/default/files/REV%20FINAL%20Rule%20-%20Management%20Proposals%20-
%20160ct18.pdf.
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WRRB determinations are final but recommendations made by the Board may be
accepted, rejected or varied by the Party with the jurisdiction affected by the
recommendation. However, once a recommendation is accepted, that Party doing so
must implement it “to the extent of its power under legislation”.?° This framework and
these relationships are central to effective wildlife management in Wek’éezhii.

Following submission of its recommendations to a Party, the Board expects a response
within 42 days of receipt of its recommendations for a Level 1 or Level 2 management
proposal. Section 12.5.11 of the Ttichgo Agreement states that “each Party with power
under its laws to implement a recommendation of the WRRB made under 12.5.5,
12.5.6, 12.5.7, 13.4.1 or 14.4.1 shall accept, reject or vary such recommendation”. A
Party must tell the Board whether its recommendation has been accepted. If a
recommendation is varied, the Party must provide reasons for that decision, and, in
addition, provide the change in wording so that the Board and all affected persons are
clear about the final outcomes of the Board proceeding and necessary implementation
actions. This ensures clarity with respect to the obligations under Section 12.5.12 of the
Thcho Agreement, that “each Party shall, to the extent of its power under legislation or
THcho laws, establish or otherwise implement a) a determination of the WRRB under
12.5.5 or 12.5.6; and b) any recommendation of the Board as accepted or varied by it”.

If a recommendation is rejected, the Party must provide specific reasons and an
explanation of why the rejection has occurred.

4.0. Previous WRRB ?ekw@ Determinations & Recommendations

The objective of Chapter 12, Wildlife Harvesting Management, of the Thcho Agreement
is to recognize the importance of wildlife and its habitat to the Ttjcho First nation well-
being, way of life and land-based economy.?! The WRRB takes this objective seriously
while making its decisions. The Board also acknowledges the tremendous importance
that Kok’éeti ekwo play in the language, culture, and way of life of the THcho people.
The Board has kept this in mind over the last 14 years, since receiving the first
management proposal for Kok’éeti ekwg, by making determinations and
recommendations using scientific and Ttjchg knowledge. Outlined below are the Board’s
determinations and recommendations from the 2007, 2010, and 2016 proceedings to
demonstrate the effort the WRRB has put in to halt the decline of Kok’'éeti ekwg.

20 See Sections 12.5.11 and 12.5.12 of the Thcho Agreement.
21 See Section 12.1.1 of the Thcho Agreement.
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4.1. 2007 Proceeding

In June 2006, GNWT conducted a calving ground photographic survey and estimated
the Kok’éeti ekwg herd size was about 128,047 2ekw@. The WRRB became fully
operational in August 2006 and received its first management proposal, entitled
“Bathurst Caribou Herd Harvest Reductions” from the GNWT on December 14, 2006 to
reduce Kok'éeti ekwg herd harvest levels. The proposed management actions, based
on the 2006 calving ground photographic survey results, were intended to limit the
harvest to 4% of the 2006 estimated herd size for a total of 5120 KQk'eeti ekwq. This
included eliminating all commercial meat tags held by Ttichg communities, reducing the
number of tags for non-resident and non-resident alien hunters from 2 to 1, and
reducing tags for all outfitters from 1559 to a total of 350.

Due to the significance of the management actions proposed, and the fact that the
WRRB, as a new organization, had not yet heard from other Parties affected by the
Department of Environment and Natural Resources (ENR), GNWT proposal, the Board
decided to conduct a public hearing in March 2007 before making any decisions on the
proposal. The WRRB held the public hearing on March 13-14, 2007 in Behchok®, NT.
Once the evidentiary phase of the proceeding was completed, the Board decided to
adjourn the proceeding in order to give ENR and the Thchgo Government time to initiate
a consultation process.

On April 17, 2007, the Minister of ENR advised the Thichgo Government and the WRRB
that the Big Game Hunting Regulations had been amended to reduce the number of
tags available for outfitted hunts for 2ekw@ in Unit “R” to 750 for the 2007 season. The
letter noted that this decision was made under the authority of Section 12.5.14 of the
Thcho Agreement as ENR considered its action necessary due to an emergency
situation regarding declining populations of the 2ekwg.

On May 30, 2007 and June 4, 2007 respectively, the Thcho Government and ENR
submitted letters to the Board indicating that they were making substantial progress but
required an extension to September 28, 2007 in order to develop a new joint 2ekw@
management proposal. The WRRB was concerned that any further adjournments could
adversely affect the interests of other Parties affected by the proposal. ENR had already
taken steps to implement portions of its proposal on the grounds that an emergency
situation existed. Further extension of the proceeding to accommodate consultation
which, in the Board’s view should have taken place before the proposal was advanced,
seemed inconsistent with the urgency asserted by ENR. For these reasons, the WRRB
decided not to grant a further adjournment of its proceeding.

Based on the WRRB'’s review of the evidence presented during the proceedings, the
Board recommended that ENR’s proposal to undertake management actions to reduce

WRRB Proceeding Report & Reasons for Decision — Kok'éeti Ekwo (Bathurst Caribou) Herd 15
October 4, 2019



the harvest of the Bathurst 2ekwg herd not be implemented as submitted. The WRRB
strongly encouraged ENR and the Ttichg Government to continue their consultations
towards the development of a Joint Proposal for the management of the Bathurst 2ekw@
herd. Additionally, the WRRB indicated that any future management actions that
propose to limit any component of the harvest to a particular number, including zero,
would be treated as a proposal for the establishment of a TAH.

Additional details of the 2007 proceeding can be found in Appendix B.
4.2. 2010 Proceeding

In June 2009, GNWT conducted a calving ground photographic survey and estimated
the Kok'eeti ekw@ herd size was about 31,900 2ekw@. On November 5, 2009, TG and
GNWT submitted a Joint Proposal on Caribou Management Actions in Wek’eezhil,
which proposed nine management actions and eleven monitoring actions, including
harvest limitations, for the Kok'eeti, Sahti and Beverly/Ahiak ekw¢ herds. While TG and
GNWT agreed on the majority of actions set out in the proposal, there was no
agreement reached on the proposed levels of Indigenous harvesting.

Upon review of the proposal, the WRRB held that any restriction of harvest or
component of harvest to a specific number of animals would constitute a TAH. Thus, the
Board ruled that it was required to hold a public hearing. Registered Parties were
notified on November 30, 2009 of the Board’s decision to limit the scope of the public
hearing to Actions 1 through 5 of the Joint Proposal, which prescribed limitations on
harvesting. All other proposed actions were addressed through written submissions to
the Board. Originally scheduled for January 11-13, 2010, the public hearing on Action 1
to 5 took place March 22-26, 2010 in Behchok®, NT. Once the evidentiary phase of the
proceeding was completed, TG requested the WRRB adjourn the hearing in order to
give TG and GNWT time to work collaboratively to complete the joint management
proposal.

On May 31, 2010, TG and GNWT submitted the Revised Joint Proposal on Caribou
Management Actions in Wek’eezhii. This revised proposal changed the original
management and monitoring actions and incorporated an adaptive co-management
framework and rules-based approach to harvesting levels. TG and GNWT were able to
reach an agreement on Indigenous harvesting. Therefore, the WRRB reconvened its
public hearing on August 5-6, 2010 in Behchokg, NT, where final presentations,
guestions and closing arguments were made.
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On October 8, 2010, the WRRB submitted its final recommendations and reasons for
decision report to TG and GNWT.?? Many of the recommendations were related to the
Kok’eeti ekw@ herd and relevant management actions vital for herd recovery, including
harvest restrictions. The Board also made harvest recommendations for the Sahti ekw
and Beverly/Ahiak ekwg herds.

The Board recommended a harvest target of 300 (+ 10%) Kok'eeti ekw@ per year for
harvest seasons 2010/11, 2011/12, and 2012/13 in Wek’éezhii. Further, the Board
recommended that the ratio of bulls harvested to cows should be 85:15. Although the
evidence suggested that even if all harvest of the KQk’éeti ekwg herd stopped there was
no guarantee that the herd would stabilize and begin to grow, the Board concluded that
a limited harvest of 270-330 Kgk’eeti ekw@ with 60 or fewer cows was an appropriate
management option to help Indigenous peoples maintain important cultural linkages
with 2ekw@ while minimizing the impact of harvest on the herd. Additionally, the WRRB
recommended that all commercial, outfitted and resident harvesting of the Sahti ekwg
herd in Wek’€ezhii be set to zero.

The WRRB made additional 2ekwg management and monitoring recommendations to
TG and GNWT, specifically implementation of detailed scientific and THcho knowledge
(TK) monitoring actions and implementation of an adaptive co-management framework.

The WRRB also recommended to the Minister of CIRNAC (formerly Indian and Northern
Affairs Canada) and GNWT to collaboratively develop best practices for mitigating
effects on 2ekw@ during calving and post-calving, including the consideration of
implementing mobile 2ekw@ protection measures, and for monitoring landscape
changes, including fires, industrial exploration, and development, to assess potential
impacts to 2ekwg habitat.

The Board recommended that the harvest of diga should be increased through
incentives but that focused diga control not be implemented. The Board understood if
TG and GNWT were to plan for focused diga control in the future, a management
proposal would be required for WRRB consideration.

Of the 57 recommendations made in 2010 and accepted or varied by TG and GNWT,
the Board has evidence that only 18 have been fully implemented. Specifically, the
closure of commercial, outfitted and resident harvesting for the Kgk’éeti, Sahti and
Beverly/Ahiak 2ekw@ herds; the establishment and allocation of a harvest target for the
Kok'eeti ekwg herd; the implementation of monitoring the density of cows on the calving
grounds; the development and implementation of a scientific conservation education
program; the establishment of the Barren-ground Caribou Technical Working Group

22PR (BATH 2019): 037 - Report on a Public Hearing Held by the Wek’éezhii Renewable Resources Board 22-26
March 20105-6 August 2010 BehchokQ, NT.
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(BGCTWG); the ongoing discussions with the Government of Nunavut (GN) to identify
opportunities for calving ground protection; the collaborative work to meet the
obligations of Section 12.11 of the Thichg Agreement; the hiring of a TG Wildlife
Coordinator to increase capacity to ensure full participation in monitoring and
management of 2ekwg; the removal of GNWT’s Emergency Interim Measures following
the implementation of recommendations by January 1, 2011; the consultation with
Thcho communities about Board recommendations prior to January 1, 2011; the
development of a detailed implementation and consultation plan; and the development
and implementation of an effective enforcement and compliance program.

Implementation of the remaining accepted recommendations appears to the WRRB to
be incomplete, including the development of a government position regarding
reinstatement of outfitting and resident harvesting in Wek’éezhii; the negotiation of
harvesting overlap agreements with the Sahti and Nunavut; the implementation of the
Special Project, Using T#cho Knowledge to Monitor Barren Ground Caribou of the
overall Thcho Research and Monitoring Program; the implementation of TK and
scientific 2ekw@ monitoring actions; the development of criteria to evaluate when
management actions are to be revised; and the development of a land use plan for
Wek’éezhil.

Additional details of the 2010 proceeding can be found in Appendix C and a review of
the 2010 WRRB Recommendations is found in Appendix D.

4.3. 2016 Proceeding

In June 2015, GNWT conducted a calving ground photographic survey and estimated
the Kok'éeti ekw herd had declined to 19,769 2ekwg. In December 2015, TG and
GNWT submitted the Joint Proposal on Caribou Management Actions for the Bathurst
Herd: 2016-2019 to the Board outlining proposed management actions for the Kok’éeti
ekw@ herd in Wek’éezhii, including new restrictions on hunter harvest, predator
management, and ongoing monitoring. More specifically, TG and GNWT proposed
implementing a herd wide TAH of zero 2ekw@ and conducting a feasibility assessment
of a full range of diga management actions. The WRRB considered the proposed
restriction of harvest as the establishment of a TAH and, therefore, was required to hold
a public hearing. The public hearing took place February 23-24, in Yellowknife, NT.

In order to allow careful consideration of all the evidence on the record and to meet
deadlines for legislation to implement a Board decision, the WRRB decided to prepare
two separate reports to respond to the proposed management actions in the joint
management proposal. The first report, Part A, dealt with the proposed harvest
management actions that required regulation changes in order for new regulations to be
in place for the start of the 2016/17 harvest season, as well as the proposed diga
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feasibility assessment. The second report, Part B, dealt with additional predator
management actions, biological and environmental monitoring, and cumulative effects.

On May 26, 2016, the WRRB submitted its final determinations and recommendations
and Part A Reasons for Decision Report to TG and GNWT.2?® The WRRB determined
that a TAH of zero 2ekw@ should be implemented for all users of the Kgk’éeti ekwg herd
within Wek’éezhii for the 2016/17, 2017/18, 2018/19 harvest seasons.

The Board recommended that TG and GNWT agree on an approach for designating
zones for aerial and ground-based surveillance throughout the fall and winter harvest
seasons from 2016 to 2019. Additionally, the WRRB recommended weekly
communication updates and timely implementation of hunter education programs for all
harvesters of the KQk'éeti ekwg herd.

The WRRB recommended that the diga feasibility assessment set out in the proposal
be led by the Board with input and support from TG and GNWT. The Board continued to
support the implementation of the Community-based Diga Harvesting Project as a
training program, subject to several conditions

On September 27, 2016, the WRRB submitted its final recommendations and Part B
Reasons for Decision Report to TG and GNWT.?* The WRRB recommended
consultations with Thchg communities to determine a path forward for implementation of
Thcho laws to continue the Thcho way of life and maintain their cultural and spiritual
connection with 2ekwg@.

In addition, the WRRB recommended several TK research and monitoring programs
focusing on diga, Sahcho (grizzly bear), stress and other impacts on 2ekw¢ from collars
and aircraft over-flights, and an assessment of quality and quantity of both summer and
winter forage.

The Board recommended a biological assessment of sahcho as well as requesting that
the BGCTWG prioritize biological monitoring indicators and develop thresholds under
which management actions can be taken and evaluated. All scientific and TK monitoring
data will be provided to BGCTWG annually to ensure ongoing adaptive management.

The WRRB recommended the implementation of Ttichg Land Use Plan Directives as
well as completing a Land Use Plan for the remainder of Wek’éezhii. In addition, the
completion of the Bathurst Caribou Range Plan and the long-term Bathurst Caribou

23 PR (BATH 2019): 040 - Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwg (Barren-ground caribou) Herd - Part A.
24 PR (BATH 2019): 041 - Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwgQ (Barren-ground caribou) Herd - Part B.
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Management Plan were requested with measures to be implemented in the interim to
provide guidance to users and managers of the Kok'eeti ekwg herd range.

The Board also recommended the development of criteria to protect key 2ekw¢ habitat,
including Ng?2oke (water crossings) and Tataa (corridors between bodies of water),
using the Conservation Area approach in the NWT’s Wildlife Act, offsets and value-at
risks in a fire management plan. Additionally, the WRRB recommended the continued
refinement of the Inventory of Landscape Change, the integration of Wildlife and Wildlife
Habitat Protection Plans and Wildlife Effects Monitoring Programs objectives for
monitoring the effects of development on 2ekwq in Wek’é€ezhii, and the development of
monitoring thresholds for climate indicators

Of the one determination made by the Board and 25 recommendations accepted or
varied by TG and GNWT, only the determination and seven recommendations have
been fully implemented. Specifically, the establishment of a zero harvest for the Kok'éeti
ekw@ herd; the establishment and implementation of the Mobile Core Bathurst Caribou
Conservation Area (MCBCCA); the regular provision of updates on aerial and ground-
based compliance surveillance of the KQk'éeti ekwg herd; the implementation of the
GNWT’s Hunter Education Program; the completion of a collaborative feasibility
assessment of options for diga management; the completion of the Bathurst Caribou
Range Plan (BCRP); the update and refinement of the Inventory of Landscape Change;
and, the completion and implementation of the Wildlife Management and Monitoring
Plan guidelines.

The remaining accepted recommendations appear to the Board to be incomplete,
including providing regular harvest updates; conducting TK research on sahcho
predation on 2ekwg, and their relationship with 2ekwq, other wildlife and people;
conducting a collaborative sahcho biological assessment; conducting TK research
about stress and impacts on 2ekw@ and people related to collars and aircraft over-
flights; prioritizing biological monitoring indicators in order of need for effective
management and developing thresholds under which management actions can be
taken and evaluated; developing a land use plan for Wek’é€ezhii; investigating the
potential use of offsets for 2ekw@ recovery; conducting a TK monitoring project with
elders to document how climate conditions have affected preferred summer forage and
impacted 2ekw¢ fitness; and developing monitoring thresholds for climate indicators.

Additional details of the 2016 proceeding can be found in Appendix E and a review of
the 2010 WRRB Recommendations are in Appendix F.
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5.0. Summary of 2019 Wildlife Management Proposal and Board Process

On January 22, 2019, the TG and GNWT submitted the “Joint Proposal on Management
Actions for the Bathurst Ekw¢ (Barren-ground caribou) Herd: 2019 — 2021” to the Board
outlining proposed management actions for the Kok’éeti ekw¢ herd in Wek’éezhii.?> The
management actions proposed by TG and GNWT in the Joint Proposal were grouped
under the five categories: harvest, predators, habitat and land use, and education as
well as research and monitoring.

More specifically, TG and GNWT proposed the following:

e Harvest: maintaining a TAH of zero (0) for Kok’eeti ekwq; continuing use of the
MCBCCA,; continuing regular aerial and ground-based surveillance of the
MCBCCA through the fall and winter seasons; maintaining frequent contact with
Government of Nunavut regarding harvest of Kgk’éeti ekwg in Nunavut;

e Predators: submitting a separate TG-GNWT joint management proposal on
reduction of diga numbers on the Sahti and Kgk’éeti ekwg herd ranges;
increasing incentives for diga harvesters in an area centered on the collar
locations of wintering Kok’eeti ekw@; continuing to develop a program to train
diga harvesters using culturally acceptable methods on the winter range;
collaborating with GN about predator management;

e Habitat & Land Use: finalizing, endorsing and implementing the Bathurst Caribou
Range Plan (BCRP) by 2019; supporting Indigenous governments and
organizations to conduct additional work to identify key landscape features and
areas of significance to 2ekwg in order to better conserve and manage 2ekwg
habitats;

e Education: increasing education and public awareness to improve knowledge of
2ekw@Q, promoting respectful hunting practices to reduce wastage and wounding;
expanding TG on-the-land programs focused on continued use and maintenance
of traditional sites and trails; and,

e Research & Monitoring: increasing biological monitoring of the Kok’eeti ekw
herd, including conducting population surveys carried out at two-year intervals,
increasing radio collars to 70, suspending June calving reconnaissance surveys
in years between photo survey years, conducting annual composition surveys in
June, October and March/April to assess productivity and mortality rates;
continuing accurate harvest reporting and improving body condition assessment
of harvested 2ekw@; supporting the expansion of the Tcho Ekwo Naxoéde K'e
(formerly the Boots on the Ground) program; supporting continued research into
factors contributing to 2ekw¢ declines.

25 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021.
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The Board initiated its 2019 Bathurst Caribou Herd Proceeding on January 30, 2019
and established an online public registry: http://www.wrrb.ca/public-information/public-
reqistry. On February 4, 2019, public notice of the WRRB decision to open a proceeding
for the Kok’éeti ekwg herd was provided to potentially interested organizations in and
out of Wek’éezhii via email, WRRB website, social media and radio. The WRRB
requested parties to provide written comments on the Joint Management Proposal by
March 15, 2019.

The Board received a letter from the Minister of ENR on February 26, 2019, which
requested parties on the distribution list to provide written comments on the Joint
Management Proposal by April 5, 2019. As such, on March 4, 2019, the WRRB gave
notice of its revised proceeding schedule, extending its public comment period to April
5, 2019. The Board received public comment from Canadian Arctic Resources
Committee (CARC) on January 29, 2019, Alternatives North on February 27, 2019 and
the Lutsel K’'e Dene First Nation (LKDFN) on April 5, 2019.

On March 14, 2019, a letter was sent to the Nunavut Wildlife Management Board
(NWMB) informing them of the WRRB’s K@k’éeti ekw@ proceeding. Sine the Kok’éeti
ekw@ herd is a migratory species that moves between the Northwest Territories and
Nunavut, the WRRB is requested that the NWMB identify whether further consultation
by the Board was required prior to a final decision on TG and GNWT'’s joint
management proposal. Additionally, the NWMB was requested to update the WRRB on
any processes related to the Kok'eeti ekwg herd that were underway in Nunavut. To
date, no response has been received.

The proceeding was conducted in accordance with the WRRB’s Rules of Procedure,
June 14, 2017.%° The Board requested that GNWT provide a compilation of any
comments received through its consultations by April 10, 2019. The GNWT confirmed
that no comments were received in response to their consultation letter on April 12,
2019. As such, the public record was closed on April 12, 2019.

Throughout the proceeding, GNWT assured the WRRB that submission of the 2018
Bathurst Caribou Calving Ground Survey Report was imminent. Unfortunately, as of
June 7, 2019, the report was not available from the GNWT; therefore the WRRB
adjourned the 2019 Bathurst Caribou Herd Proceeding until July 19, 2019 to allow
GNWT the time necessary to complete and provide the 2018 Bathurst Caribou Calving
Ground Survey Report. The report was provided to the WRRB on July 17, 2019.

26 hitps://wrrb.ca/sites/default/files/WRRB%20Rules%200f%20Procedure%2014jun2017 1.pdf.
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The Board reopened the record in this proceeding to post the 2018 Bathurst Calving
Ground Survey Report as well as additional documents to the registry to assist with the
completion of the final Reasons for Decision Report.

The public record was closed again on September 3, 2019 and the WRRB'’s
deliberations followed.

6.0. Is there a Conservation Concern for the Kok’éeti Ekw@ Herd?

Based on the WRRB's review of Sections 12.6.1 and 12.6.2 of the Ttichgo Agreement,
the first question which must be answered is whether there is a conservation concern
with respect to the Kok'eeti ekwg herd. If the WRRB is not convinced that there is a
Kok'eeti ekwg management problem, it does not have the authority to recommend
harvest limitations on THcho citizens.

During its 2016 Kok’éeti ekw@ proceeding, the Board repeatedly heard from
governments, communities and members of the public of their concerns over the
continued decrease of the Kok’eeti ekwg herd, including recognition of the rapid rate of
the decline. Vital rates associated with the herd, including the cow survival rate, calf
recruitment, and pregnancy rate, all indicated that the herd would likely continue to
decline. Despite the uncertainty, GNWT noted that to facilitate herd recovery and to
once again provide harvesting opportunities for traditional users, that “timely
conservation-based management actions are needed”.?” Additionally, TG stated that “in
a time of crisis for caribou — closure of Aboriginal harvesting of caribou ... are difficult
but necessary actions”.?®

Despite all of the management actions taken over the past 12 years, the Kok'eeti ekwg
herd is still declining, and recovery of the herd remains uncertain. Additionally, in 2016,
the Committee on the Status of Endangered Wildlife in Canada assessed 2ekwg as
Threatened. The status of 2ekw@ under federal Species at Risk legislation is currently
under review. Within the NWT, 2ekwQ were assessed by the Species at Risk Committee
as Threatened in 2017 and were later listed as Threatened under the NWT Species at
Risk Act in 2018.2° A draft 2ekw0 recovery strategy is currently undergoing public
review.

The Board also notes that there is no current management or action plan for the
Kok'éeti ekwg herd. The Bathurst Caribou Advisory Committee (BCAC) was established
in 2016 to advise on the management of the Kok’eeti ekw@ herd and its habitat,

2T PR (BATH 2019): 040 — Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwq (Barren-ground caribou) Herd - Part A.

28 |bid.

29 https://www.nwtspeciesatrisk.ca/species/barren-ground-caribou.
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including addressing and reconciling the various factors affecting the herd, including
harvest, predation, environmental conditions, and land disturbance. In May 2019, the
BCAC hired a technical writer to prepare a management plan as well as an action plan
to implement the actions outlined in the management plan. At this time, a draft is not yet
available.

The Kok’eeti ekwg herd continues to decline at a rapid rate. ?ekw@ have been both
nationally and territorially assessed as threatened as well as listed as threatened in the
Northwest Territories. Currently, there are no recovery documents available nor any
management or action plans in place. Therefore, the WRRB continues to believe that
there is a serious conservation concern for the Kok’'eeti ekwg herd.

7.0. WRRB’s Recommendations
7.1. Introduction

The WRRB is highly concerned about the need for effective and timely actions and this
was a substantial consideration in the development of the determinations and
recommendations outlined in this report.

Consistent with the requirements of the Ttichg Agreement, the WRRB is taking a
precautionary approach3® as well as learning from the experience of the 2016 TAH,
which did not on its own achieve the objective of halting the decline. Reducing harvest
and predation are the two management actions that most directly and immediately
affect 2ekwq survival rates.

While the WRRB was previously most concerned about harvest and predation reducing
Kok'eeti ekwq survival, the Board is now also concerned with the need for a
precautionary approach to management given that the rapid decline has partly been
caused by the emigration of cows abandoning their traditional Kok’éeti ekw¢ calving
ground. The Board also recognizes the importance of a healthy habitat, efficient and
effective monitoring that can rapidly inform management decisions (adaptive
management), and the support and understanding of an informed public. Therefore, in
addition to the urgency of actions to halt the decline, the WRRB has recommendations
on habitat, adaptive management, and education. In particular, the WRRB is concerned
that the need to protect calving cows and newborn calves is more essential than ever.

30 Section 12.1.5(c) of the Thcho Agreement.
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7.2. Harvest & Harvest Monitoring
7.2.1. Introduction

A TAH is defined in the Ttichg Agreement, “in relation to a population or stock of wildlife,
the total amount of that population or stock that may be harvested annually”. Section
12.5.5(a)(i) of the Thcho Agreement sets out that the WRRB has sole responsibility for
making a final determination with respect to a TAH for Wek’é€ezhii.3!

In 2016, the Board had determined that the seriousness of the Kok’éeti ekwg herd’s
decline warranted a TAH of zero in Wek’éezhi for the 2016/17, 2017/18, and 2018/19
harvest seasons despite the difficulties this was sure to cause for people. However, the
zero TAH has not been accompanied by a halt in the decline and, in 2019, TG and
GNWT proposed continuing the zero harvest of Kok’éeti ekwg. A difficulty in enforcing
the harvest restriction is that, in some winters, 2ekwg from neighboring herds may
overlap with the Kok’éeti ekw¢ herd. GNWT and TG proposed in 2016 and again in
2019 that a core mobile zone was the most effective way to differentiate between 2ekwg
herds when their winter distribution overlapped.

7.2.2. Proponent’s Evidence

The Joint Proposal compared the 2015 and 2018 estimates of herd size based on
calving ground aerial photographic surveys to report an accelerated decline in the
Kok’eeti ekw@ herd size. The herd has declined by half from 19,769 in 2015 to 8,207 in
2018. Therefore, the rate of decline from 2015 to 2018 is approximately 29% a year.3?
Given the current herd size and rate of decline, TG and GNWT proposed to maintain
the zero TAH and to rely on the MCBCCA.

TG and GNWT outlined in the Joint Proposal that currently, adaptive management is
used in managing the MCBCCA. Established in 2011, the Barren-ground Caribou
Technical Working Group (BGCTWG), which reviews annual biological monitoring
information, is composed of representatives from TG, GNWT and the WRRB.33 The
BGCTWoG is responsible for managing the MCBCCA, including developing and
implementing the “Rules for Definition of the Mobile Core Bathurst Caribou
Conservation Area” The Rule includes specific thresholds where changes to the
MCBCCA are made, and the rule is updated annually. The current rule, revised in
November 2018, recommends that 40 or more collars should be placed on the Kok'eeti

31 Section 12.5.5(a)(i) of the Tticho Agreement.

32 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

33 PR (BATH 2019): 037 - Report on a Public Hearing Held by the Wek’éezhii Renewable Resources Board 22-26
March 20105-6 August 2010 BehchokQ, NT.
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ekwq herd to define its distribution for purposes of the mobile zone and that TG and
GNWT should jointly evaluate effectiveness of the Mobile Core Area in 2019.34

The Joint Proposal states that “the current small and declining number of mature 2ekwg
in the Bathurst herd is a critical conservation status that requires implementation of an
integrated suite of recovery management actions that continue and support the Total
Allowable Harvest (TAH) of zero (0) established in 2016 (Determination #1-2016 in
WRRB 2016a) along with enhanced monitoring.”3°

The Joint Proposal lists that the key population processes in the Kok’eeti ekwg herd that
have likely contributed to its continued rapid decline are:

1) relatively low rates of survival (i.e. high rates of mortality) in adult female 2ekwg;
and

2) low and variable rates of productivity that generally reflect a combination of low
fecundity and poor calf survival rates (i.e. calf recruitment).36

The Joint Proposal also mentions as a third factor the emigration of cows from the
Kok’eeti ekwg calving ground.

TG and GNWT recommend that the TAH for the Kok'eeti ekwq herd remain at zero in
the Northwest Territories, and be reviewed within two years, following completion of the
next Kok’eeti ekwg herd calving ground survey and analyses of available demographic
data (as per WRRB Determination #1-2016; WRRB 2016a).

TG and GNWT recommend the continuation of the MCBCCA as the means for
managing and implementing the TAH of zero for the Kok’éeti ekw¢ herd.

7.2.3. Other Parties’ Evidence

Alternatives North stated that they couldn’t find evidence that the TAH of the Kok'éeti
ekwo herd is zero.3” They noted that there is no assessment for the accuracy of
reporting numbers in sex and composition of harvested Sahti ekw¢ from the overlapping
range; as such, it is most likely that Kok'éeti ekwg are getting harvested as well.38

“Given the state of the Bathurst Herd, we ask the Board to ensure much more
clarity and certainty that harvest of these animals is actually zero, or what the

34 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021. Appendix A.

35 |bid.

36 |bid.

37 PR (BATH 2019): 006 - Alternatives North Submission to 2019 Bathurst Caribou Proposal.

38 |bid.
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sex, age and size of the unintended harvest is. These numbers should be
compiled and publicly reported.”3°

CARC believes that reliance upon the untested MCBCCA as a method to control
harvest is ineffective. CARC identified the vulnerability to errors due to the proponent’s
identification of “few Bathurst or Bluenose-East caribou were taken”.40

LKDFN does not believe subsistence harvesting is the cause of the rapid decline, as the
harvest restrictions were put in place almost 10 years ago and the decline of the
Kok'eeti ekwo herd is still increasing.** LKDFN stated that GNWT does not report the
effectiveness of the zero TAH or the MCBCCA.#? LKDFN requests that this information
become available in order to ascertain the effectiveness. Based on information from
LKDFN environmental monitor reports from early March 2019, KQk'eeti ekw were
being killed on the boundary of the MCBCCA and the ice road.*? This creates issues as
the GNWT can’t check carcasses of already deceased animals and cannot stop people
from using the ice road. LKDFN would like to see the TAH of zero continue to be
enforced for the next two years and carried over across the border into Nunavut as
well. 44

7.2.4. Analysis and Recommendation

The evidence available to the Board is that the decline of the Kok’éeti ekwg herd has
accelerated since 2015 and that the underlying mechanisms have changed and become
more complex. The evidence for the decreasing trend in herd size is from population
estimates from aerial photographic and visual surveys over the Kok'eeti ekwg herd’s
calving grounds in 2015 and 2018.4° The Board finds that the survey methods and
analyses for estimated herd size are clear and consistent with previous surveys.

The 2018 calving ground survey report concluded that adult cow survival was low, and
that productivity was low and annually variable.*® However, the 2019 Joint Proposal
only used information up to 2015.4” More recent information and analyses became

39 PR (BATH 2019): 006 - Alternatives North Submission to 2019 Bathurst Caribou Proposal.

40 PR (BATH 2019): 004 - CARC to WRRB Re: Joint Management Proposal for Bathurst Caribou.

41 PR (BATH 2019): 012 - tutsel K'e Dene First Nation Submission to 2019 Bathurst Caribou Proposal.

42 |bid.

43 |bid.

44 1bid.

45 PR (BATH 2019): 020 — An Estimate of Breeding Females and Analyses of Demographics for the Bluenose-East
Herd of Barren-ground caribou: 2015 Calving Ground Photographic Survey; and PR (BATH 2019): 015 - Estimates of
Breeding Females & Adult Herd Size and Analyses of Demographics for the Bathurst Herd of Barren-Ground
Caribou: 2018 Calving Ground Photographic Survey.

46 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

47 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021.
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available in July 2019 as part of the June 2018 calving ground survey report which
showed that survival rates for adult cows have increased since 2015.8 As illustrated in
Figure 3 for 2015-2018, adult cow survival averages 85% a year which is close to the
88% required for a stable herd when productivity (pregnancy rate and calf survival) is
0.31 (the average for 2015-2017).*° The WRRB notes that adult cow survival has
improved since 2015 and the season of mortality has shifted from the summer to the

winter (Figure 4).

Adull temala survival
L]

- o . Ea-".--qg -:;;l:lun.:: :.n;aar. ' I
Figure 3. Annual Survival rate estimates 1996-2018 for Kok’éeti Ekwo adult
females based on collared female 2ekw@.%°

48 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

49 |bid.
50 |bid.
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Figure 4. Summary of monthly collared cow mortality data for Kok’eeti Ekwo
2009-2018.5t

In summary, while adult cow survival has increased since 2015, the Joint Proposal
indicates that fecundity (percentage of breeding aged cows that calve) and calf survival
are still less than that needed for recovery of the herd.>? In addition, emigration has
become a factor in the accelerated decline. Although the Joint Proposal acknowledged
a role for emigration, analyses were not included but became available in July 2019.53

In June 2018, the Kok'eeti ekwd calving ground, for the first recorded time since about
1990, had low densities on either side of Bathurst Inlet. 2018 was also the first year that

51 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

52 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021.
53 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.
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3 of the 11 collared cows, identified as Kok’eeti ekw¢ cows based on their 2017 calving
location, moved to the neighboring Beverly/Ahiak’s calving ground.®>* Subsequently, one
of these cows died in July and the other two cows stayed with the Beverly/Ahiak herd. In
June 2019, three different cows (of 17 cows collared) with previous calving locations on
the Kok’eeti ekw@ calving ground moved to and calved on the Beverly/Ahiak herd’s
calving ground.%®

GNWT used both computer modelling and field data to report on how the
aforementioned emigration may represent almost a third of the breeding cows in 2018
emigrating to the Beverly/Ahiak calving ground.®¢ The Board concludes that this
emigration is contributing to the rate of decline for the Kok’éeti ekw¢ herd. The Board
does question however, the harvest levels used in modelling, which are a constant rate
for 2010 to 2018 of 5 cows and 70 bulls compared to 5000 cows and 2000 bulls for
2001 to 2009.57

The Board acknowledges the encouraging trend for 2015-2017 in increased survival of
adult cows but notes that pregnancy and calf survival vary annually. Given the
continued decline and very small size of the Kok'eeti ekwg herd, and despite the
uncertainty about under-lying causes and the implications of emigration, the Board has
no evidence to revise its 2016 determination for the zero TAH.

Determination #1-2019 (K@k’éeti Ekw@): Total Allowable Harvest

The Board determines that a TAH of zero for all users of the Kok’éeti ekw¢ herd for
2019/20 and 2020/21 harvest seasons. For further clarification, the absolute number
of ekw@ that can be harvested from the Kok’eeti ekw@ herd in Wek’éezhii is zero.

The TG and GNWT Joint Proposal did not include evidence on the effectiveness of
monitoring the zero TAH. While the Joint Proposal did acknowledge that “few Bathurst
or Bluenose-East Caribou were taken (based on the locations of reported kills relative to
distributions of collared 2ekw9)">® but no details were provided or referenced. The Joint
Proposal did not provide a summary or reference to reports about the effectiveness of
community monitors, check stations, patrols or monitoring results for the MCBCCA. The
Joint Proposal also did not summarize or refer to evidence about the frequency and
extent of overlap in neighboring herd’s wintering distribution.

54 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

5 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

56 |bid.

57 Ibid.

58 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021. Appendix A.
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The Joint Proposal’s lack of evidence for the effectiveness of the harvest monitoring and
whether the MCBCCA reduces the risk of inadvertent harvesting creates difficulties for
the WRRB. Of particular concern is that the Joint Proposal does not assess or reference
assessments of the annual degree of overlap of neighboring herds during the winter,
which may increase the risk of inadvertent harvest of Kok’éeti ekwg. The Board is
aware that given the herd’s current low numbers and high rate of decline, even a low
number of 2ekw@ inadvertently harvested could increase risk to the Kok'eeti ekwg herd.
The Board also notes that LKDFN and CARC questioned the effectiveness of the
MCBCCA.%®

While the Board notes that TG and GNWT propose to evaluate the MCBCCA and to
report to WRRB sometime in 2019, the Board needs to be confident that the evaluation
will meet the Board’s concerns. To be specific, the Board has two concerns:

I.  The annual variation and any trends in the extent and definition of the overlap in
the winter distribution of neighboring herds; and,

II.  How the community-based harvest monitoring and check stations are integrated
into describing the effectiveness of the MCBCCA.

Recommendation #1-2019 (Kok’eeti Ekw@Q): Effectiveness of Mobile Zone

To determine if the MCBCCA is functioning as intended, GNWT and TG will analyze
the extent of overlap of neighboring herds during early to late winter in order to
complete a quantitative assessment to evaluate the effectiveness of the MCBCCA
and the risk of inadvertent harvesting of Kgk’éeti Ekwg and report to the WRRB with
this assessment by February 1, 2020.

The uncertainty about the harvest levels and why they vary so much annually will not be
solved simply by improved reporting and analyses. The reported variability also
suggests that a better understanding of harvesting from the community perspective is
essential. This can be achieved by an increase in community monitoring and more
detailed reporting.

Harvest monitors not only provide critical information on harvest, but they are also a link
between communities and responsible governments. Harvest monitors are on the front

lines and can collect real-time information from harvesters on the health of the animals,

and the herd. However, if 2ekw@ are abundant around the community, harvest monitors
can be overworked, which can be a safety concern.

59 PR (BATH 2019): 012 - tutsel K'e Dene First Nation Submission to 2019 Bathurst Caribou Proposal; and PR
(BATH 2019): 004 - CARC to WRRB Re: Joint Management Proposal for Bathurst Caribou.
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Recommendation #2-2019 (Kok’éeti Ekw@): Community Monitors

To utilize the expertise of harvesters to monitor any inadvertent harvest of Kok’eeti
ekw@, TG will hire up to four community monitors per community to collect and report
on harvest data monthly throughout the 2019/20 and 2020/21 harvest seasons.

7.3. Predators and Emigration

7.3.1. Introduction

?ekwg have always been subject to predation, but during a decline, the role of predators
can become a contributing factor to the decline. While most of the attention is often
focused on diga as they follow the 2ekwq year round, sahcho are also effective
predators, especially on the calving grounds and during the summer. N@gha and golden
det’ocho are also predators for 2ekwg but are rarely the focus of wildlife management.
Predation of 2ekw@ has been a recurring theme in the Board’s proceedings since 2010
as elders, managers, and the public have sometimes held divergent views on managing
predation.

In addition to the problems posed by predation, emigration of caribou to neighbouring
herds is a new and compounding factor. The TG and GNWT Joint Proposal outlines that
Kok’eeti ekw@ emigration to neighboring herd’s calving grounds started in 2018 after the
herds had shared their winter range.®° Just over a quarter of the collared cows
emigrated in 2018, and then again in 2019, which suggests that emigration is a factor in
the accelerated rate of decline and also, likely a consequence of the severity of the
decline itself.5 Typically, cows calve together on the traditional calving ground because
there is protection from predators by being together; strength in numbers. For the
Kok'eeti ekwg herd, the number of cows on the calving ground is now so reduced that it
is feasible to think that some cows are seeking this protection by moving to neighboring
herd’s calving grounds. It is worth remembering that in 2010 and 2016 hearings,
emigration was discussed at length.

In May 2010, TG and GNWT recommended a targeted increase in diga removal from
about 40 diga to 80-100 a year using a phased approach. This included increased
hunting and trapping effort, and a wolf removal program if harvesting did not meet the
annual diga harvest targets and the Kok’eeti ekw¢ herd continued to decline.®? The
removal program was to be focused at den sites and on the winter range, and included
developing survey and monitoring methodology as well as experimental design for

60 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

61 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

62 PR (BATH 2019): 037 - Report on a Public Hearing Held by the Wek’éezhii Renewable Resources Board 22-26
March 20105-6 August 2010 BehchokQ, NT.
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removal of diga on the winter range and at den sites by fall 2010.53 The WRRB
recommended the training and incentives for the harvesting but not the targeted
removals.

During the 2016 public hearings, the public expressed frustration over the failure to
manage predation while harvest was so strictly restricted.®* The Board supported
community-based diga harvesting as a training program.® By November 2017, as a
collaborative effort, a technical feasibility assessment for diga management options was
completed and made available to the public through WRRB’s web site.%6

7.3.2. Proponent’s Evidence

The Joint Proposal suggests that the accelerated decline of the Kok'eeti ekwg herd,
despite the zero TAH, likely reflects predation reducing calf and adult survival.®’
However, evidence of this in the 2019 Joint Proposal is limited. The trend for Kok’eeti
ekw® numbers is based on calving ground surveys and included the 2018 data. The
data for adult and calf survival in the proposal were only up to 2015 and the Board had
to wait until July 2019 to see the most recent data and analysis.

The 2019 Joint Proposal lists five proposed management actions for diga:

(a) Joint diga management proposal for Kok’eeti and Sahti ekwg ranges;
(b) Continued TG program to train diga harvesters;

(c) Kok’eeti ekwg diga management feasibility assessment 2017,

(d) Increased GNWT incentives for diga harvesters; and,

(e) Collaboration between NWT and NU managers about predator
management.5®

Three of these proposed actions, (b), (c) and (d) above, were carried over from 2010
and 2016. An additional proposed action is that TG and GNWT will provide a diga
management proposal in 2019 to recommend increasing the diga harvest using more
intensive diga management techniques to a level that will influence 2ekw@ survival
rates.®® A second additional proposed action is that GNWT and TG are continuing on-

63 PR (BATH 2019): 037 - Report on a Public Hearing Held by the Wek’'éezhii Renewable Resources Board 22-26
March 20105-6 August 2010 BehchokQ, NT.

64 PR (BATH 2019): 040 — Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwgQ (Barren-ground caribou) Herd - Part A.

55 bid.

66 PR (BATH 2019): 038 - Wolf Technical Feasibility Assessment: Options for Managing Wolves on the Range of the
Bathurst Barren-ground Caribou Herd.

57 1bid.

68 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

69 1bid.
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going discussions with Nunavut over predator management on the Kok'eeti ekwg
range.’®

The Joint Proposal states that there have been a series of discussions between the
GNWT and GN about the potential for collaboration centered on predator reduction on
the Nunavut ranges of the Kgk’éeti and Sahti ekwg herds. As the GNWT, TG, WRRB
and other management organizations in the NWT have no management authority in
Nunavut, potential predator management would need to consider the rights of Nunavut
harvesters and Nunavut wildlife management processes.

7.3.3. Other Parties’ Evidence

Alternatives North noted that one of the first considerations for intensive predator control
is the assurance that TAH is at zero. The expansive range of the Kok'eeti ekw¢@ herd
makes it very difficult to conduct predator controls. Alternatives North is concerned with
predators multiplying if not all of the predators are harvested. They note that previous
studies assessing the efficiency of predator control have been conducted on a small
scale, while the area proposed to be managed to protect the Kok’eeti ekwg is very
large, which may cause it to be ineffective.”*

LKDFN stated that based on their TK the diga are not the cause of the Kok'eeti ekwg
herd’s steep and steady decline and that diga removal may at best slow the decline.
LKDFN also requested GNWT report on the effectiveness of the diga harvest incentive
program since 2010.72

CARC did not raise concerns about the proposed predator control initiatives as
presented in the Joint Proposal.

7.3.4. Analysis and Recommendations

The Joint Proposal stated that the cash incentives to increase diga harvesting were
ineffective.”® However, no details were included. The role of the Ttcho training program
is not assessed. The Joint Proposal did not include evidence from diga monitoring, and
it was unclear if there was any such monitoring underway. The sighting rate of diga and
other predator observations during 2ekw@ surveys were not explained. The Joint
Proposal also did not make use of the evidence in the diga technical feasibility

0 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

" PR (BATH 2019): 006 - Alternatives North Submission to 2019 Bathurst Caribou Proposal.

72 PR (BATH 2019): 012 - tutsel K'e Dene First Nation Submission to 2019 Bathurst Caribou Proposal.

73 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021.
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assessment, which identified a sharp decline in diga abundance and productivity on the
summer ranges.

The Joint Proposal did not provide any evidence beyond that provided in the 2016
hearings where the evidence clearly indicated a long-term trend of more sahcho than
diga sightings on the Kok’éeti ekwg calving grounds from 2006-2015. In June 2018, the
sighting of six sahcho to each diga seen on the Kok’éeti ekwg calving ground is
consistent with the information presented during the 2016 hearings.’*

The 2019 Joint Proposal did not suggest management actions for sahcho, but the 2018
calving ground survey report suggested predator studies may be undertaken.’® In 2016,
TG and Thcho elders referred to sahcho predation on the summer range and the Board
recommended further documentation of TK and a collaborative sahcho biological
assessment once the diga technical assessment was completed.’®

The evidence for emigration of Kok’eeti ekwg collared cows and how it has added to the
decline in herd size is mentioned in the Joint Proposal but was only analysed in the
2018 calving ground survey report. That report also notes that the emigration continued
in June 2019.77 The analyses are clear and thoughtful and include details of how the
densities of the cows have sharply declined on the calving grounds. However, neither
the Joint Proposal nor the calving ground survey report give thoughts on the
implications of the emigration on management of the Kok’éeti or Beverly/Ahiak ekwg
herds other than that emigration may reduce the likelihood of recovery.

Increasingly, Kok’eeti ekwg may be faced with a changing situation regarding predation;
however, not all the required information is available for management actions by
governments or the Board. First, there is a gap in understanding what the 2ekw¢ decline
has meant to the predators and their levels of 2ekwq predation. It is possible that diga
predation has declined on the summer range, which is reflected by higher adult 2ekwg
survival. The reduced diga numbers may leave sahcho predation on the calving ground
and summer range proportionately more important as a factor in low calf survival.

Secondly, the 2018 calving ground survey report suggests that emigration is a
significant part of the 2018 and 2019 decline.” This analysis is a new development in

74 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey; and PR (BATH 2019): 041 —
Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst ekw¢ (Barren-ground caribou)
Herd - Part B.

75 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

76 PR (BATH 2019): 041 — Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwq (Barren-ground caribou) Herd - Part B.

T PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

78 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.
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the story of the Kok'eeti ekwg and there are implications for management of the
Kok'eeti ekwq herd, as well as the Beverly/Ahiak herd, which has received the
immigrant cows. While the 2018 calving ground survey report provides detailed
evidence describing the extent of emigration in 2018 and 2019, GNWT and TG did not
offer any suggestions in the Joint Proposal on how the effects of emigration could be
integrated into an adaptive management process. Given the scale of emigration, the
WRRB is concerned especially by the failure of the governments to offer leadership in
how to address emigration.

Recommendation #3- 2019 (Kok’eeti Ekw@Q): Emigration

By December 1, 2019, in order to provide the WRRB clarity on the status of the
Kok'eeti ekwg, GNWT and TG are to provide, in plain language, their positions
regarding the implications of emigration of Kok’eeti ekwg to other herds, and how this
emigration will influence adaptive management.

In 2014, when GNWT terminated monitoring of diga at their dens, the monitoring had
been showing marked decreases in the number of dens occupied and in pup survival.”
Between 2006 and 2012, a computer model suggested a 95% decline in diga on the
Kok’éeti ekwo summer range.® The Kok'eeti ekwd summer range had contracted, and
the diga struggled to find enough 2ekwg. Unfortunately, the 2015 and 2018 calving
ground survey reports only listed predators seen on the calving ground. These
observations were not provided, as a sighting rate, and thus trends cannot be
assessed.8! The 2019 Joint Proposal did not provide any evidence of diga population
numbers or trends in the diga sighting rate for late winter during the 2ekwg sex and age
surveys.

“And so, as -- as to how -- if the wildlife -- if we're going to harvest the wolves, we
-- we really need to kind of annually know exactly how many numbers that we
need to harvest, how many wolves we need to harvest. And if we're harvesting
wolves annually, is it -- will it show how well we know that we are helping the
caribou?"82 (Elder Joseph Judas, 2016)

Besides not having information on trends in diga numbers as the 2ekw¢ have declined,
the Board also faces uncertainty in trends of the 2ekw@ winter distribution. The Joint

7 PR (BATH 2019): 041 — Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwgQ (Barren-ground caribou) Herd - Part B.

80 bid.

81 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey; and PR (BATH 2019): 020 —
An Estimate of Breeding Females and Analyses of Demographics for the Bluenose-East Herd of Barren-ground
Caribou: 2015 Calving Ground Photographic Survey.

82 PR (BATH 2019): 038 - Wolf Technical Feasibility Assessment: Options for Managing Wolves on the Range of the
Bathurst Barren-ground Caribou Herd. Note: In 2016, Joseph Judas was a member of the Tticho Assembly and was
not the Chair of the WRRB.
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Proposal did not include or reference a report analyzing if there is a trend in overlap in
the winter distribution of neighboring herds. If diga accompany the herds to the overlap
area, it is possible that diga predation rates could increase. Additionally, it is difficult,
when herds overlap, to predict how the increased diga harvest will change adult 2ekw¢
survival rates.

The trend for the decline based on the calving ground surveys is statistically robust and
well- documented. The 2018 calving ground survey report included an updated analysis
of adult survival which suggested that it had increased from 2015 to 2018 and had
shifted from summer to winter timing of mortalities, although possible causes were not
described.®3 Fall calf:cow ratios are not analysed in detail but appear relatively stable
while late calf:cow ratios have higher annual variability. It is premature to relate the
increase and change in timing of adult survival with a decline of diga on the summer
range, but it is a possibility.

The WRRB works within a broad ecological context and for that reason the Board is
concerned about how the role of other predators may have changed as diga
populations have declined in response to the 2ekw@ decline. The role of scavengers
such as nggha will have changed, and nggha may have become a more significant
predator. Det'ocho are effective predators for newborn calves; as are sahcho. TK
describes sahcho predation as extending outside of the calving grounds. Nogha,
sahcho and det'gcho are all relatively long-lived species and are opportunistic in their
diet, which raises the possibility that their numbers could be slower to respond to the
decline of the Kok’eeti ekwg herd. The Board notes that there is a lack of information
regarding nggha, sahcho and det’ocho and, where information exists, it has not been
compiled and shared. The Board is also conscious that as the herd has reached such
low numbers, the herd trend may be more vulnerable to previously minor causes of
2ekw@ deaths.

After the Board had received the TG and GNWT Joint Proposal in January 2019, the
Board was seriously concerned about the lack of progress on the role of predators
relative to the 2ekw@ declines. Consequently, in February 2019, the Board reinforced
the urgency and the extent of the decline of both the Kok’eeti and Sahti ekwg herds, by
advancing its recommendations on predators to TG and GNWT. These
recommendations and the response from TG and GNWT are included in Table 1 and
Appendix G.

83 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.
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Table 1. WRRB Predator recommendation and TG/GNWT responses

WRRB February 2019 predator recommendations TG/GNWT | Variation
Response | (if applicable)

1 | The WRRB supports continuing the ENR’s diga harvest | Accepted
incentive program and the TG’s Community Based Diga
Harvesting Project as an education tool.

2 | The WRRB recommends that diga monitoring be Accepted
undertaken so that population estimates, or indexes are
generated. In addition, as much information as possible,
including condition, diet, and reproductive status, should
be collected from each harvested diga.

3 | The WRRB recommends that diga management be Accepted
undertaken in Wek'éezhii. TG and ENR should review
the “Wolf Technical Feasibility Assessment: Options for
Managing Wolves on the Range of the Bathurst Barren-
ground Caribou Herd” submitted in November 2017 to
determine the most effective, humane and cost-efficient
methods that would have the least impact and
disturbance on the ekwg herds themselves.

4 | The WRRB recommends that diga management should | Accepted
be closely monitored for effectiveness of halting or
slowing the decline of the sahti ekw and koketi ekwg
herds in order to provide future harvesting opportunities.

5 | The WRRB recommends that the GNWT and TG work Varied Replace ‘enact’
with the Government of Nunavut to enact predator with ‘discuss’
management actions on the calving grounds of sahti
ekw@ and koketi ekw in Nunavut.

6 | The WRRB commits to striking a working group to begin | Varied Accepted the
work on a sahcho (grizzly bear) biological assessment by Working Group
June 2019, specifically on the sahti ekw¢ and koketi Replace ‘enact’
ekwo herds herd ranges. This working group will include with ‘discuss

at minimum the GNWT, TG and the Government of
Nunavut. WRRB staff recommend that sahcho are
monitored in order to determine if pressures are
iIncreasing on ekwo.

7 | WRRB staff recommend that golden det'ocho (golden Varied Replace ‘work
eagle) are monitored in order to determine if pressures of with ‘discuss’
golden det'gcho are increasing on ekwg. WRRB staff
recommends that TG and the GNWT work with the
Government of Nunavut to support golden det'ocho
monitoring.
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Subsequent to the Board receiving TG and GNWT'’s responses to the Board’s predator
recommendations, the Board received further evidence in July 2019 when GNWT
released its June 2018 calving ground survey report.8* Given the way the evidence is
presented, the Board remains concerned about the lack of reporting about the decline in
diga on the Kok’eeti ekwg® summer range, whether or how this decline will modify the
level of diga predation on the Kok’eeti ekw@ herd, and how it could affect the harvest of
diga. The importance of monitoring diga was highlighted in the “Wolf Tchg Knowledge
and Perspective” TK study where Tijchg participants agreed it would be helpful to
monitor diga as “packs of wolves usually follow caribou herds because they are part of
the food chain for wolves so we need a good monitoring program for both animals”.8® A
first step toward integrating the different sets of information (rate of predator sightings,
2ekw@ winter distribution, and the two diga harvest programs) is the basis for the
following recommendations additional to the February 2019 recommendations.

Recommendation #4-2019 (Kok’éeti Ekw@): Predator Monitoring

To improve the understanding of the role of predators on the decline of the herd and
increase adult and calf survival, GNWT and TG will provide the following to the
WRRB:
(1) sighting rates of diga, sahcho, golden det'ocho, and nggha during Kok'éeti
ekw composition surveys by December 1 each year, beginning in 2019; and,
(2) A set of criteria that will determine the numbers of predators to be targeted for
annual removal, should the decision be made to do so, by December 1, 2020.

Recommendation #5-2019 (Kok’éeti Ekw@Q): Diga Harvest

To ensure that harvest of diga is contributing to the conservation of Kok’éeti ekwa:

(1) TG and GNWT should provide to the WRRB the number of diga to be targeted
for removal during the harvest season from the Kok’éeti ekwg winter range by
December 1 each year, beginning in 2019;

(2) TG and GNWT should determine the number of diga to be targeted for removal
based on (i) diga sightings during Kok’eeti ekwg composition surveys and (ii)
likely exposure of Kok'eeti ekwq to diga associated with neighbouring herds
during the winter season; and,

(3) TG and GNWT will coordinate the Enhanced North Slave Diga Harvest
Incentive Program and the Community-based Diga Harvest Training Program
to determine their role in removing the targeted number of diga.

84 PR (BATH 2019): 015 - Estimates of Breeding Females & Adult Herd Size and Analyses of Demographics for the
Bathurst Herd of Barren-Ground Caribou: 2018 Calving Ground Photographic Survey.

85 PR (BATH 2019): 038 - Wolf Technical Feasibility Assessment: Options for Managing Wolves on the Range of the
Bathurst Barren-ground Caribou Herd.
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Recommendation #6-2019 (Kok’éeti Ekw@): Enhanced North Slave Diga Harvest
Incentive Program

To help the Board understand the effectiveness of the GNWT’s Enhanced North
Slave Diga Harvest Incentive Program on Kok’eeti ekwg, TG and GNWT will provide
a comprehensive report on the program to the WRRB by May 31 each year. The
contents of this report will be developed in collaboration with the Board and will
include, but not be limited to, the following information:
(1) provide the location and number of diga harvested as a part of the Harvest
Incentive Program; and,
(2) provide clear criteria to measure the effectiveness of the Harvest Incentive
Program based on both scientific and TK.

Recommendation #7-2019 (Kok’éeti Ekw@): Community-based Diga Harvest
Training Program

To help the Board understand the effectiveness of the TG’'s Community-based Diga
Harvest Training Program, TG and GNWT will provide a comprehensive report on the
program to the WRRB by May 31 each year. The contents of this report will be
developed in collaboration with the Board and will include, but not be limited to, the
following information:
(1) provide the location and number of diga harvested as a part of the Harvest
Training Program; and,
(2) provide an assessment of how the training will contribute to future diga
harvesting and management

While diga pose significant threats to Kok’eeti ekw@ survival rates, ngogha, golden
det'ocho, and sahcho are other predators which need to be assessed. TG and GNWT'’s
Joint Proposal included no evidence on predator sighting rates on the calving grounds
nor did the 2018 calving ground survey report. But the Joint Proposal did recommend
increased support for predator monitoring as well as for on-the-land traditional
monitoring programs like the Thicho Ekwg Naxoede K’é (formerly the Boots on the
Ground) program.8 GNWT's recommendation leads the WRRB to recommend
monitoring predators on the calving grounds in collaboration with GN. In an effort to
reduce disturbance to 2ekwg, this work should be done on the ground, and not via
aircraft.

Nogha can be found where their food is located. Some may consider nggha to be a
scavenger however, it is known that nggha also actively hunt for their food. Nogha
share the barren-lands with 2ekw@ and, therefore, 2ekwg can make up a significant
portion of the nggha diet through direct hunting or from carrion left by sahcho or diga.

8 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)
Herd: 2019 — 2021.
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As nggha scavenge for 2ekwg, they tend to follow behind the 2ekw¢ and diga as they
migrate through the barren-lands.®’

Recommendation #8-2019 (Kok’éeti Ekw@): Nogha (wolverines)

To determine the current abundance, trend and distribution of nggha, GNWT and TG
will compile existing TK and scientific information for nggha in the NWT and Nunavut
on the Kok’éeti and Sahti ekwg ranges by April 1, 2020. The data will be used by the
Grizzly Bear Biological and Management Feasibility Working Group to expand the
collaborative sahcho biological and management feasibility assessment to include
n@gha.

The Board is disappointed by the lack of progress among TG, GNWT and GN in relation
to management actions on predation and land management for the Kok'eeti ekwg
calving ground and summer ranges within Nunavut. These delays may be affecting the
Kok’eeti ekw@ population. The Joint Proposal states that there has been “a series of
discussions involving GNWT and GN wildlife staff and more senior officials (ministers
and deputy ministers) about the potential for collaboration centered on predator
reduction on the NU ranges of the Bluenose-East and Bathurst herds”.88 While the
Board is aware that NWT management authorities have no authority in Nunavut and
any actions taken in Nunavut would need to be approved by the NWMB, GNWT and TG
committed to pursuing these discussions further to develop and implement coordinated
diga removals across the Sahti and Kok’éeti ekwo herds.8® The 2016 and 2019 Joint
Proposals both stated that GNWT will remain in frequent contact with GN on these
issues and participate where possible in the NWMB process on harvest issues.®®

Recommendation #9-2019 (Kok’eéeti Ekw@): Joint Management Agreement

The Board recommends GNWT and TG develop a draft agreement and timelines for
joint management efforts to manage the Kok’eeti and Sahti ekw¢ and their ranges by
February 29, 2020. This draft agreement should be developed in cooperation with the
BCAC, the Advisory Committee for Cooperation on Wildlife Management, and
discussed with the GN wildlife officials and NWMB as soon as possible.

87 Species at Risk Committee. 2014. Species Status Report for Wolverine (Gulo gulo) in the Northwest Territories.
Species at Risk Committee, Yellowknife, NT.
https://www.nwtspeciesatrisk.ca/sites/default/files/wolverine_status_report_and_assessment_final dec 2014 v2.pdf.
88 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.
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7.4. Habitat and Land Use
7.4.1. Introduction

The annual range of Kok’eeti ekwg encompasses land in both the NT and Nunavut,
which introduces jurisdictional complexity. Calving and post-calving ranges in Nunavut
do not have protection. Key habitats in the NWT also remain unprotected despite the
WRRB recommendations in 2010 and 2016. The WRRB has consistently stated that the
Kok'eeti ekwg will require intact habitat for recovery and sustained use.

The WRRB recognizes that habitat is complex as it includes more than vegetation.
Habitat also is the landscapes that allow 2ekw¢ to make choices to reduce risks from
predators, parasites and other threats including weather. The elders consider anything
linked to 2ekw@ as their habitat. This includes things such as 2/k’0¢ (spiritual power);
human behaviour; predators, such as diga and people; pests, such as mosquitoes and
flies; landscapes, such as muskeg, eskers, and smooth bedrock leading to areas to
cross water; weather conditions that create particular kinds of snow and ice conditions;
water, wind, and temperature; and favoured vegetation.®* When suitable habitat is
limited, pregnancy rates and calf survival can be reduced, which reduces the potential
for herd recovery.

7.4.2. Proponent’s Evidence

The Joint Proposal mentions 2ekwg range contraction but does not provide evidence on
changes in seasonal distribution or how changes in distribution may reflect changes in
habitat. The 2019 Joint Proposal did identify habitat loss and change as a factor in the
herd’s decline as they stated that “other factors including predation, disturbance from
mining activities and infrastructure, roads, and climate factors have likely been key to
the herd’s continued decline since harvest restrictions”.®2 The joint proposal mentions
the need to identify important areas and critical habitat as the steps potentially leading
to interim or long term habitat protection.

The Joint Proposal’s primary proposed management action is the endorsement and
implementation of the Bathurst Caribou Range Plan (BCRP).°3 Implementation actions
outlined in the BCRP are to develop and apply effective policies within an adaptive
management framework in order to address cumulative effects of range disturbance on
the Kok'eeti ekwg range. TG and GNWT outline the four main objectives of the BCRP
are to ensure the integrity of important habitats; ensure connectivity between seasonal

91 PR (BATH 2019): 028 - Caribou Migration and the State of their Habitat: Thcho Knowledge and Perspectives on
ekwo, (Barrenland Caribou)

92 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.
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ranges; ensure the amount of human-caused land disturbance is kept below certain
levels; and, ensure the development, design and use of roads is managed with
consideration of 2ekw.%

7.4.3. Other Parties’ Evidence

Alternatives North expressed their surprise to see the proponents recommend more
work to identify key habitats for Kok’'eeti ekwg. With years of research already
conducted, and resource development increasing, Alternatives North question the need
for more work to assess the Kok'eeti ekwo range.® It is noted that the BCRP is
mentioned in the Joint Proposal; however, there are no actions relating to habitat
protections.

CARC also indicated its surprise to see the proponents calling for the identification of
critical habitat as there is already critical habitat identified. CARC was happy to see the
BCRP endorsed; however, they noted that there is no plan for how the BCRP will be
approved and implemented.%®

LKDFN supported aspects of the BCRP, such as protecting 2ekw¢ habitat, the
increased connectivity within the Kok’éeti ekwg range and mitigating resource
exploration; however, LKDFN noted that it can not endorse the BCRP because the plan
recommends additional disturbance as permissible despite the urgent conservation
concerns with the Kok'eeti ekwo.%’

7.4.4. Analysis and Recommendations

The WRRB acknowledges that the BCRP is a comprehensive plan built on the
knowledge of many people. However, the Board notes there are no dates for
implementation of BCRP policies nor is there any framework or timelines to judge how
or when this plan is expected to contribute to 2ekwg recovery. In this, the Board agrees
with Alternatives North and CARC. In order for the BCRP to be implemented, legal
protections are required, and the Board is not aware of any advancement towards these
requirements. The WRRB also notes that there should be an urgency to the
implementation of the BCRP as two of five range assessment areas require enhanced
management responses to address increased levels of disturbance.®® In addition, the
Board has previously recommended the need for calving and post-calving ground

% PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekw¢ (Barren-ground caribou)

Herd: 2019 — 2021.

% PR (BATH 2019): 006 - Alternatives North Submission to 2019 Bathurst Caribou Proposal.

9% PR (BATH 2019): 004 - CARC to WRRB Re: Joint Management Proposal for Bathurst Caribou.

97 PR (BATH 2019): 012 - tutsel K'e Dene First Nation Submission to 2019 Bathurst Caribou Proposal.

98 https://www.enr.gov.nt.calsites/enr/files/resources/bathurst _caribou range plan 2019 -
plan_pour_laire_de_repartition_des caribous de_bathurst 2019.pdf.
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protection, which depends on Nunavut land managers. The BCRP does acknowledge
this but the Joint Proposal indicates clearly to the WRRB that the need for habitat
protection is now urgent.®® In addition, the abandoning of traditional calving grounds
may be further evidence of the need for protection and limiting of disturbance.

TG and GNWT’s Joint Proposal offered no evidence about the state of the Kok'eeti
ekw@ habitat, such as the cumulative winter range modified by fire or the total linear
length of roads. As TG and GNWT have identified in the Joint Proposal that they are
working on the implementation of the BCRP, the WRRB accepts this and does not, at
this time, have any further recommendations on habitat and land use.

7.5. Education
7.5.1. Introduction

Communications with, and the education of, harvesters, Tticho citizens, and the public
is crucial in the management of Kok'éeti ekwg. These initiatives aim to increase
compliance, improve hunter practices, and reduce wounding and wastage.

7.5.2. Proponent’s Evidence

The proposal did include a table listing proposed educational activities including annual
and possible meetings, GNWT website updates, posters, and radio interviews.'% The
Joint Proposal emphasized the importance of supporting on-the-land activities, which
focus on the continued use and maintenance of traditional sites. TG plans to expand on
their current on-the-land programs.0t

7.5.3. Other Parties’ Evidence

LKDFN expressed their belief that public awareness and education, based on the best
available traditional and scientific knowledge, are essential to improve the public’s
understanding of Kok’eeti ekwg, as well as the management tools that are being used
to protect them. LKDFN recommend that the GNWT share the results of the bi-annual
population survey and the composition surveys in a meaningful way at in-person
meetings in all communities. %2

Alternatives North and CARC did not raise concerns about the proposed communication
and education initiatives as presented in the Joint Proposal.

9 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.
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7.5.4. Analysis and Recommendations

TG and GNWT'’s Joint Proposal offered no evidence about the frequency and
effectiveness of education activities since the 2010 and 2016 proposals. Continuing
efforts to increase awareness among Tiichg communities and the public about the
status of NWT 2ekwq herds, the need for conservation actions and how harvesters can
contribute to conservation, such as harvesting alternative species, is essential to
promote recovery of the Kok’'éeti ekwg herd.

Recommendation #10-2019 (Kok’éeti Ekw@Q): Successes and Challenges of
Ekwo Naxoéede K’é

To increase community understanding of work being done for Kok’eeti ekwg, TG will
report annually on the successes and challenges of Ekwo Naxoéde K’e to Tticho
communities and schools.

Recommendation #11-2019 (Kok’éeti EkwQ): Food Security

To ensure Thcho communities have access to nutritious, safe food that fits their
lifestyle and provides a healthy diet throughout the year, and in light of a closed
harvest on Kok'eeti ekwg, TG and GNWT will discuss priorities and solutions for food
security issues, such as harvesting alternative country foods and/or implementing
meat replacement programs, with each Tticho community by March 31, 2020.

Recommendation #12-2019 (Kok’eeti Ekw@): Public Consultation

To increase public understanding of the need for 2ekw® management actions, starting
in January 2020, TG and GNWT will:
(1) exchange information about Kgk’éeti and Sahti ekwg with Thichg communities,
via focus groups and community meetings; and,
(2) produce and distribute educational materials, via radio, television, social media
and workshops, to the general public about the reasons for the Kok’eeti and Sahti
ekwq population declines and the factors affecting the declines, including
emigration.

7.6. Research and Monitoring
7.6.1. Introduction

Ongoing research and monitoring actions are required to make informed and timely
management decisions for the Kok'eeti ekwg, including the proposed implementation of
the Ttichg Research and Monitoring Program. Adaptive management is the mechanism
whereby monitoring results are used to inform management decisions as well as to
determine the effectiveness of management actions. The WRRB already utilizes
adaptive management principles in its operations and decision-making. However, an
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adaptive management framework with clear thresholds may lead to specific
management actions that could lead to timelier implementation of management and
monitoring actions. The WRRB is aware that as the Kok’eeti ekwg herd continues to
decline, the urgency of effective management increases.

7.6.2. Proponent’s Evidence

TG and GNWT'’s Joint Proposal describes (a) biological monitoring; (b) an expansion of
TG’s Ekwg Naxoede K’e program; (c) support for research on the drivers of changes in
2ekw@ abundance; and, (d) an adaptive management framework under the Bathurst
Caribou Range Plan.1% More specifically, the proposed actions are:

(a) The biological monitoring included a change to calving ground surveys taking
place every two years rather than every three years; an increase in the number
of collars to 70; an increase to annual monitoring of calf survival; harvest
compliance monitoring; dropping the calving ground reconnaissance surveys and
the addition of pregnancy monitoring.%*

(b) TG is proposing to expand the Ekwd Naxoéde K’é program to span the entire
ice-free period on the lakes.'%

(c) TG and GNWT recognize the need for research into the complexity of factors
driving the declines of 2ekw@ herds using both TK and science as well as
university partners.16

(d) Implementation actions outlined in the BCRP should be initiated in 2019 to
develop and apply effective policies and practices within an adaptive
management framework and 5-year review interval, which will help address
potential cumulative effects of range (habitat) disturbance and land use on
Kok'eeti ekwg.107

7.6.3. Other Parties’ Evidence
Alternatives North is concerned that with the increasing impacts related to climate

change that the herd is facing, any harvest of the herd at all will increase their
vulnerability significantly.108

103 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

104 |pid.
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CARC noted that with a greater than 50% decline of Kok'éeti ekwg between the last two
surveys and an overall decrease of 95% from peak levels, it indicates the “desperately
inadequate management over the past 10 years plus and the need for critical review”.19°

LKDFN supports biological monitoring; however, they would like to see other Indigenous
governments and organizations engaged in the harvest compliance monitoring.
Additionally, LKDFN believes that Indigenous monitors should be trained in fecal sample
collections. LKDFN supports the expansion of the Ekwd Naxoede K’eé (Boots on the
Ground) program and would like to see the GNWT support the LKDFN’s Caribou
Stewardship Plan. They support collaborative research partnerships; however, LKDFN
notes that the time needed to conduct routine studies is too long for Kok’éeti ekwo. 110

7.6.4. Analysis and Recommendations

The WRRB'’s approach to making monitoring and research recommendations was
developed in response to three requirements. First, delays in government
implementation of management actions do not slow the decline in 2ekw@ numbers. This
is the basis for the WRRB’s recommendation to improve the implementation of adaptive
management. Secondly, the WRRB is also concerned as to how TK and community
experience is used in monitoring and adaptive management. Third, there is the
requirement to balance the perspective of respecting and leaving the 2ekw¢g alone
against the need for monitoring information for management.

The Board is put in a difficult position trying to balance the apparent need for more
monitoring of 2ekw@ and the elders who say we should leave the 2ekw@ alone. Evidence
from Thcho elders during the 2007 TG workshop, suggest a willingness to restrict
harvest, and leave the 2ekwo alone.'!! Leaving 2ekw0 alone, to the elders, includes all
activities that stress or bother those remaining. As Elder Romie Wetrade summarizes:

“White people raise animals. So they are always thinking about what to do with
them. T#cho do not raise animals. Caribou migrate all over the land. Because of
white people we are now talking negatively about caribou. For me that is not
right. Talking all the time about how we will fix it. How will they migrate back to
us? What will happen to the young? We should leave them alone and let them
bel"112

The Board also notes the difficulty of reconciling views over collaring 2ekwg@. However,
the Board acknowledges that increasing the number of collars on cows provides more

109 PR (BATH 2019): 004 - CARC to WRRB Re: Joint Management Proposal for Bathurst Caribou.

110 PR (BATH 2019): 012 - tutsel K'e Dene First Nation Submission to 2019 Bathurst Caribou. Proposal.
111 PR (BATH 2019): 039 - WRRB Reasons for Decision Final Report w/ Corrected Appendix — Sahti Ekwo
(Bluenose-East Caribou) Herd.
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reliable annual estimates of cow survival rates, as well as determining the effectiveness
of the MCBCCA and overlap in winter distribution, assigning harvest to herds reliably,
and providing evidence for emigration. The BGCTWG has stated that an effective
MCBCCA requires, at minimum, 40 collars and biological monitoring will need a total of
70 collars on cows and bulls.

As a rationale for increasing the frequency of the calving ground estimates to every two
years, the GNWT cites the rapid decline of the herd and possible diga management
implementation.**® The Board understands that increasing the frequency of calving
ground surveys is potentially a mixed blessing as statistical differences in population
numbers may be more difficult to detect. However, the WRRB considers that this
possible disadvantage of the increased survey frequency can be reduced by using rates
of adult and calf survival to also interpret trends. Thus, the WRRB agreed with the
management action proposed by GNWT and TG.

Recommendation #13-2019 (Kok’éeti Ekw@Q): Population Surveys

To ensure timely adaptive management, GNWT will conduct population surveys for
Kok’éeti ekwo every two years at the same time as Sahti ekwg and Beverly/Ahiak
surveys. Therefore, the next population surveys will take place in June 2020.

While GNWT did refer to a change in tracking seasonal calf survival three times a year,
they did not mention the need to increase sample size to reliably monitor pregnancy
rates, which is the first step in monitoring calf survival.'** Hence, the need for WRRB'’s
agreement that pregnancy rates should be monitored through fecal pellet sampling.
Dene harvesters are comfortable with the collection of fecal pellets to determine genetic
material as well as monitoring pregnancy.® This is especially relevant when Dene
experts’ knowledge of 2ekwg histories, movements and identities is respected. When
knowledges are heard, respected and used, individuals are more likely to accept the
results of others.16 In the not so distant past, fecal pellets were examined in
conjunction with examining vegetation in the months and stomachs of 2ekw9.1” The
WRRB also notes that pregnancy rates are a sensitive indicator to conditions including
climate change on the summer ranges and thus can be related to observations from
TG’s Ekwg Naxoede K’e program.

113 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.

114 PR (BATH 2019): 039 - WRRB Reasons for Decision Final Report w/ Corrected Appendix — Sahti Ekwo
(Bluenose-East Caribou) Herd.

115 PR (BATH 2019): 028 - Caribou Migration and the State of their Habitat: Tticho Knowledge and Perspectives on
ekwo, (Barrenland Caribou).

116 PR (BATH 2019): 31 - Leghagots'enete (learning together): the importance of indigenous perspectives in the
identification of biological variation

117 PR (BATH 2019): 028 - Caribou Migration and the State of their Habitat: Thcho Knowledge and Perspectives on
ekwo, (Barrenland Caribou).
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Recommendation #14-2019 (Kok’eeti EkwQ): Pregnancy Monitoring

To better monitor the pregnancy rates of the Kok'eeti ekw herd, GNWT and TG
should implement Kok’eeti ekw@ pregnancy monitoring through fecal pellet collection
in the winter months, every year starting January 2020. Community members should
have the opportunity to participate in the collection of fecal pellets on the Kok’éeti
ekw@ winter range.

Indigenous people across Canada emphasize they monitor the land by living with it. In
other words, using the natural resources it offers on a regular basis and, in doing so,
watch everything on the land.'® The elders’ stories tell of change in the past.
Harvesters must have ongoing, daily experiences and spiritual relations with all that is
part of the ecosystem so they can watch for and see inconsistencies and change —
whether rapid or slow.!® This is maintained through walking and watching 2ekw¢
habitat and harvesting in culturally appropriate ways.

Thcho participants in the “Wolf Knowledge and Perspective” TK study questioned the
effectiveness of using GNWT’s techniques, “wolves are not going to wait to be
monitored; they are very smart and fast”.1?% In contrast to periodic scientific monitoring,
monitoring based on Ttichg experiential knowledge — observing, experiencing and
sharing stories — is done on a regular and consistent basis by harvesters who know the
land.12!

By putting the Ttichg Research and Monitoring Program in place, harvesters and elders
will once again be in their intellectual and spiritual role to watch and experience the land
so they can share what they observe and ensure people can respond quickly to
occurrences that will impact their lives.

118 PR (BATH 2019): 023 - “These Trees Have Stories to Tell” Linking Denésgliné Knowledge and Dendroecology in
the Monitoring of Barren-ground Caribou Movements in the Northwest Territories, Canada; PR (BATH 2019): 027 -
Thcho Knowledge of Environmental Changes: Implications for Caribou Hunting; PR (BATH 2019): 028 - Caribou
Migration and the State of their Habitat: Thicho Knowledge and Perspectives on ekwo, (Barrenland Caribou); PR
(BATH 2019): 029 - Monitoring the Relationship between People and Caribou; PR (BATH 2019): 030 - Renewing our
traditional laws through joint ekwg (caribou) management; 031 - Leghagots'enete (learning together): the importance
of indigenous perspectives in the identification of biological variation; PR (BATH 2019): 033 - Boots on the Ground
Caribou Monitoring Program 2017 Results; PR (BATH 2019): 034 - Boots on the Ground Caribou Monitoring Program
- Monitoring Results 2016; PR (BATH 2019): 035 - “We Watch Everything” A Methodology for Boots on the Ground
Caribou Monitoring; and PR (BATH 2019): 036 - Ekwo z0 gha dzb nats'éde “We Live Here For Caribou” Cumulative
Impacts Study on the Bathurst Caribou.

119 PR (BATH 2019): 029 - Monitoring the Relationship between People and Caribou; PR (BATH 2019): 030 -
Renewing our traditional laws through joint ekwg (caribou) management; PR (BATH 2019): 032 - “We monitor by
living here”: Developing monitoring methods based in Indigenous knowledge; PR (BATH 2019): 033 - Boots on the
Ground Caribou Monitoring Program 2017 Results; PR (BATH 2019): 034 - Boots on the Ground Caribou Monitoring
Program - Monitoring Results 2016; and PR (BATH 2019): 035 - “We Watch Everything” A Methodology for Boots on
the Ground Caribou Monitoring.

120 PR (BATH 2019): 038 - Wolf Technical Feasibility Assessment: Options for Managing Wolves on the Range of the
Bathurst Barren-ground Caribou Herd.
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“We find our voices in the land where we have something to say, where we can
contribute something.”*?? (Dr. John B. Zoe, 2019)

Recommendation #15-2019 (Kok’eeti Ekw@Q): Tlichg Research and Monitoring
Program

To ensure that both 2ekw@ and 2ekw@ habitat monitoring, and realistic harvesting
numbers are recorded in a culturally appropriate manner, and to contribute adaptive
management, TG will implement the Tljichg Research and Monitoring Program,
starting in January 2020 (See Appendix H).

The WRRB is aware that the effects of climate change are already being felt and that
the changes on the 2ekwg@ ranges are measurable. The question now is what can be
done about the effects of climate change on 2ekwg, and their ecological relationships,
including people. The WRRB sees this as best answered by having more observers on
the ground??® and then ensuring that their observations are integrated into adaptive
management for the herd. The WRRB believes that using more people on the ground
(as indexed, for example by the number of observer days) is essential for adaptive
management.

Thcho harvesters’ and elders’ holistic knowledge of the environment allows them to
place the behaviour of humans into the ecosystem, which is why they can understand
the reality of climate change.'?* Thcho harvesters and elders know that 2ekw¢ will not
migrate to places where there is no food. For example, dry conditions (high
temperatures and low precipitation), wildfires, and lack of vegetation are indicators of
climate change that harvesters can see on the land.

Recommendation #16-2019 (Kok’éeti Ekw@Q): Climate Change

To better understand the effects of climate change on 2ekwg, TG will systematically
collect on-the-ground climate change observations including but not limited to (i) dry
conditions, (ii) wildfires, and (iii) lack of vegetation, during the Ekwo Naxoede K’e
program and the Thch@ Research and Monitoring Program. Results of the monitoring
programs should be designed to contribute an adaptive management framework and
be reported to the WRRB and GNWT annually.

The Joint Proposal’s Table 4 summarises the biological monitoring indicators,
frequency, rationale, and options for management actions.*?® In the context of adaptive
management, the WRRB finds that only four of the nine biological indicators in Table 4

122 PR (BATH 2019): 039 - WRRB Reasons for Decision Final Report w/ Corrected Appendix — Sahti Ekwo
(Bluenose-East Caribou) Herd.

123 PR (BATH 2019): 033 - Boots on the Ground Caribou Monitoring Program 2017 Results.

124 PR (BATH 2019): 027 - THcho Knowledge of Environmental Changes: Implications for Caribou Hunting).

125 PR (BATH 2019): 001 - Joint Proposal on Management Actions for the Bathurst Ekwo (Barren-ground caribou)
Herd: 2019 — 2021.
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have corresponding adaptive monitoring options and even those four are generalized
rather than specific actions. The table is similar to that proposed for the Sahti ekwg in
the 2019 Joint Proposal. When asked during the public hearing about the possibility of
expanding and revising the table to make it more detailed and responsive for that herd,
GNWT stated that they would need to discuss with their senior level management and
pointed to the Taking Care of Caribou Management Plan.126

Given the 29% annual rate of decline for the Kok’eeti ekwg herd, there is an urgent
need to increase the speed in which managers react to changes in the herd and
implement management actions. The WRRB is concerned about delays in
implementation of management actions and the failure to implement the majority of the
WRRB’s recommendations. TG and GNWT acknowledged the need to speed up
management responses. In the Joint Proposal, they propose increasing reviews of
management actions from every three years to annually.'?” However, no mechanism is
proposed. An adaptive management framework could minimize delay in the
implementation of management action and proposals. An adaptive management
framework must involve the Board for the reasons set out in Section 12.5.1 of the Thcho
Agreement.'?® Such an approach provides for pre-identified management actions based
on thresholds agreed to by management authorities, which then can be implemented in
a timelier matter.

Adaptive management is now a standard part of management although in practice, it
has sometimes struggled in the implementation phase.'?® The WRRB is of the view that
such a framework can be developed in collaboration with governments. The Joint
Proposal has already provided a rationale for specific monitoring thresholds and the
management decisions that those thresholds trigger.13°

The Joint Proposal refers to an “integrated suite of recovery management actions” but
does not supply a mechanism for integration.3! There is no evidence which describes
how the individual management actions will be integrated, which is problematic as there
will be trade-offs between them depending on monitoring results. The WRRB suggests
that the integration of management actions should be achieved through an adaptive
management framework. The framework should also identify how to integrate on-the-
ground observations and climate change into management activities. The strength of an

126 PR (BATH 2019): 039 - WRRB Reasons for Decision Final Report w/ Corrected Appendix — Sahti Ekwo
(Bluenose-East Caribou) Herd.

127 |bid.

128 See Section 12.5.1 of the Ttchg Agreement.

129 PR (BATH 2019): 039 - WRRB Reasons for Decision Final Report w/ Corrected Appendix — Sahti Ekwo
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adaptive management framework is to build it collaboratively, which is the basis of the
WRRB recommendation.

Recommendation #17-2019 (Kok’eeti EkwQ): Adaptive Management Framework
To ensure timelier implementation of management and monitoring actions, WRRB,
TG and GNWT will collaborate to develop a herd-specific adaptive management
framework with the thresholds linked to specific management actions by January
2020, with the WRRB taking a lead role for herds in Wek’eezhii. The framework will
take into consideration Ttchg and scientific knowledge, existing management plans,
and decisions and recommendations from Boards and governments.

7.7. Implementation of Recommendations from 2010, 2016 and 2019

The WRRB is troubled by the time it has taken governments to implement approved
Board recommendations given that the Kok'eeti ekwg herd has been declining by 19 to
29% every 3 years since 2012.

Based on the Board’s previous proceedings, 60 recommendations were submitted in
2010 to TG and GNWT.**? In 2016, the WRRB submitted 26 recommendations and one
determination to the two governments.'33 The Board notes that, to date, only the
determination and 25 of the 82 recommendations accepted or varied by TG and GNWT
have been fully implemented (Appendix D and F). Consequently, the WRRB is of the
view that perhaps a different approach will be more effective. The Board believes that a
more intensive application of an adaptive management framework is needed to
capitalize on the Board’s and government’s collective efforts. Given the urgency of
decisive management action for the Kok’éeti ekwg herd, it is the Board’s opinion that an
adaptive management framework would lead to more timely and effective management
actions, which are essential to address the herd’s decline.

Recommendation #18-2019 (Kok’eeti Ekw@Q): Implementation

To track the progress of implementation of the Board’s recommendations, TG and
GNWT will provide to the WRRB the following:
(1) an implementation plan for the 2019 recommendations by January 31, 2020;
(2) a summary report, within one year of the acceptance or variance of the Board’s
2019 recommendations, on proposed management actions, including an
evaluation of the success of implementation of management actions; and,

132 PR (BATH 2019): 037 - Report on a Public Hearing Held by the Wek’éezhii Renewable Resources Board 22-26
March 20105-6 August 2010 Behchokg, NT.

133 PR (BATH 2019): 040 - Reasons for Decisions Related to a Joint Proposal for the Management of the Bathurst
ekwQ (Barren-ground caribou) Herd - Part A; and PR (BATH 2019): 041 - Reasons for Decisions Related to a Joint
Proposal for the Management of the Bathurst ekwo (Barren-ground caribou) Herd - Part B.
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(3) an updated implementation plan for the 2010 and 2016 recommendations and
an evaluation of all outstanding recommendations by January 31, 2020.

The Board notes that continued implementation of the TK recommendations is both
mandatory and essential to ensure that the WRRB and other wildlife managers in
Wek’éezhii have appropriate information to make balanced decisions.

8.0. Conclusion

With the Kok’eeti ekwo herd in a critical state, there is an urgent need to implement
effective management actions to halt the decline as soon as possible. The Board’s
decisions in this report have been structured to have the least impact on 2ekw@ users
and the greatest benefit to 2ekwq that we can provide at this time.

“... a way of life, in relation to the caribou is described in the Tlichg Agreement,
which is 12.1.1, which encompasses our livelihood and we try to capture that in
our agreement to ensure that we always have a connection to the caribou, the
activity around the caribou and the ceremonial games that happen around the --
the caribou and the travel. Everything that we -- that we had was in relation to the
caribou”.134 (Dr. John B. Zoe, 2019)

Users, managers and governments must act now, in whatever way possible, to protect
the herd and its habitat so that future recovery may be possible. The need is urgent.
The Kok'éeti ekwo herd has declined to the point where some cows, possibly to have
the best chance to raise their calves, have emigrated to a neighboring herd’s calving
ground. These changes increase uncertainty for co-managers and governments. A
collaborative and adaptive management is essential to ensure a future for Kok’eeti
ekwo.

134 PR (BATH 2019): 039 - WRRB Reasons for Decision Final Report w/ Corrected Appendix — Sahti Ekwo
(Bluenose-East Caribou) Herd
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Thcho Ndek'aowo

AAXAAN
Northwest Territories  Gouvernement des

TI’!ChQ Government Territoires du Nord-Ouest

Mr. Joseph Judas, Chair

Wek’eezhii Renewable Resources Board
4504 49TH AVENUE

YELLOWKNIFE NT X1A 1A7

Dear Mr. Judas:

Joint Management Proposal for Bathurst Caribou

The Thcho Government and the Department of Environment and Natural Resources,
Government of the Northwest Territories would like to submit to the Wek’eezhi

Renewable Resources Board (WRRB) a management proposal for the period of July
2019 to July 2021 for the Bathurst herd.

We look forward to hearing from the WRRB on our proposal
on these caribou management and monitoring actions.

Sincerely,

Bk

= L

Mr. Michael Birlea, Manager Lands Mr. Bruno Croft, Superintendent,
Protection & Renewable Resources North Slave Region

Department of Culture and Lands Environment and Natural Resources
Protection, Thcho Government Yellowknife, NT

Behchoko, NT Bruno croft@gov.nt.ca

MichaelBirlea@tlicho.com
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