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ABSTRACT

In this report, we present an update to the 2014 abundance estimate and trend of Baffin
Island Caribou. We conducted aerial surveys to estimate the abundance of barren-
ground caribou on Baffin Island and ancillary islands over two years (2024, 2025),
using double-observer pair and distance sampling methods. Both surveys were
enhanced through the guidance of local knowledge and inclusion of Inuit

Qaujimajatugangit (IQ) from communities that hunt Baffin Island caribou.

In March 2024 and March 2025, we assessed South Baffin, and North and Central
Baffin caribou abundance respectively. In March 2024, we observed 3,843 individuals
on-transect across all South Baffin strata. In March 2025, we observed 3,656 caribou
on-transect across North and Central Baffin strata. In total (across both years and all
strata), we observed 7,635 caribou. We used double-observer pair and distance
sampling analytical models to develop abundance estimates for all strata across both
years and for the entire Baffin Island complex. We estimated 24,162 (95% CI =21,595-
27,034; CV =5.7%) adults, calves, and yearling caribou within South Baffin strata in
March 2024 and 25,026 (95% CI = 21,182-29,568; CV =8.5%) adults, calves, and
yearlings within North and Central Baffin strata in March 2025. Combined, the March
2024 and 2025 surveys produced an estimated total of 48,681 (95% CI = 43,973-
53,893; CV =5.2%) adult, yearling, and calf caribou. Our findings confirm a statistically
significant increase from the March 2014 whole-island survey, which estimated 4,645
adult, yearling, and calf caribou (95% CI=3,667-5,884, CV=12.1%).

We conducted trend analyses using matched strata between 2012, 2014, and
2024/2025. These analyses suggest increasing trends in all regions with annual

increases of 15% to 36% except for Prince Charles Island, where abundance declined
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annually at a rate of 3% (CI=-8% to 2%)). We calculated estimates of gross change
and annual change the results of which indicate that the Baffin Island caribou
population increased by a factor of 10.5 between March 2014 and 2024/2025,
corresponding to an average annual growth rate of 25% (CI=22-28%). The observed
change between March 2014 and 2024 was highly significant (t-Test =17.1; p-value
<0.001). The observed annual rate of increase of 25% parallels rates of increase
observed on island populations with minimal predation, high productivity, and minimal
harvest pressure. Our results highlight the success of research and management

actions led by co-managers in safeguarding Baffin caribou.

Research monitoring using fall and spring composition studies tracked relative density
and overall productivity of Baffin Island caribou following the March 2014 Island wide
abundance estimate, and initiation of management actions in 2014/2015 aimed at
recovering Baffin Island caribou. Measures such as the implementation of Total
Allowable Harvests (TAH) and Non-quota Limitations (NQLS), introduced in response
to critically low numbers and steered by 1Q and demographic monitoring studies, have
played a pivotal role in reversing the long-term decline in abundance. These findings
demonstrate how collaborative, evidence-based management can restore resilience to

a population once in jeopardy.

Key words: Caribou, Barren-Ground Caribou, Baffin Island, Melville Peninsula, North
Baffin Island, South Baffin Island, Aerial Survey, Ground Survey, Late Winter, Visual
Survey, Baffin Region, Double Observer Pair Method, Distribution, Movements,
Seasonal Range Use, Distance Sampling, Spatial Affiliations, Population Structure,
Nunavut, Rangifer tarandus groenlandicus, Population Survey, Caribou Late Winter
Distribution.
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1.0 INTRODUCTION

The following report reassesses demographic estimates and trends in caribou
abundance across Baffin Island by comparing strata flown in March 2014 (all of Baffin
Island), March 2024 (South Baffin Island), and March 2025 (North and Central Baffin
Island) (Figure 1). It provides estimates of herd size and region-specific densities,
documenting changes since the 2014 island-wide survey and subsequent 2024 and
2025 abundance surveys. The report presents updated abundance estimates to
support ongoing management discussions between the Government of Nunavut,

Department of Environment (GN ENV), co-management partners, and stakeholders.

Caribou are circumpolar in their distribution and occur in the northern parts of Eurasia
and North America. In Canada, caribou are represented by four subspecies: Peary
(R. t. pearyi), Woodland (R. t. caribou), Grant’s (R. t. granti), and Barren-ground (R.
t. groenlandicus). Of the four subspecies, barren-ground caribou are the most
abundant and can be further divided into two ecotypes: the taiga wintering migratory
and the tundra wintering ecotypes (Nagy et al. 2011). Baffin Island barren-ground
caribou are classified as a tundra wintering ecotype, generally occurring in smaller
aggregations, exhibit limited migratory behaviour, and are confined to tundra
environments. Baffin Island caribou movement behaviour is not fully understood;
however, limited scientific knowledge and 1Q suggest that known seasonal
movements or migratory behaviour, differ amongst three generally accepted Baffin
Island caribou groupings or sub-populations. Currently, the GN ENV, recognizes
three (3) caribou sub-populations across Baffin Island (see Figure 6; 5.1 Baffin Island
Populations/Subpopulations). These populations include the South, North, and

Central Baffin Island sub-populations (Campbell et al. 2015).
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Historical caribou abundance assessments on Baffin Island caribou have suggested
that more than 100,000 caribou likely inhabited Baffin Island in 1985 (Williams and
Heard 1986). This status was updated in 1991 at which time it was believed that the
caribou sub-populations across Baffin Island were stable, with 60,000 -180,000 in
South Baffin, greater than 10,000 in Central Baffin, and between 50,000-150,000 in
North Baffin (Ferguson and Gauthier 1992). These earlier estimates, however, were
not based on whole Island quantitative demographic studies, but rather estimations
based on more geographically restricted scientific observations and 1Q, including
various smaller scale quantitative aerial observations, and limited movement data
made up of; 1- extensive tagging programs and 2- limited telemetry studies from the
early 1990s and early 2000’s (Ferguson 1988).

During the mid to late 1990s, local hunters across Baffin Island reported decreasing
caribou numbers, with hunters having to travel further from their communities to
locate caribou (Jenkins et al. 2012; Jenkins and Goorts 2013, Department of
Environment 2013). These observations appeared to have continued up to the 2014
whole Island abundance survey estimate. During this period Baffin Island caribou
harvesters continued to confirm general declines in caribou abundance Island wide
(Jenkins and Goorts 2013, Department of Environment 2013). These concerning
observations, quantitatively confirmed following the 2014 abundance survey, lead to
the engagement of all stakeholders in the development of management and research

actions with an eye to reversing the confirmed declining trend.

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

%

—
P
e ——
=-._——-—
SArclic Bay.

Baffin Glaciers

The Baffin Island Caribou March 2014 Abundance Survey
Transects & Extents

—— North. South, and Central Baffin Island Survey - March 2014

B Il aner
S m iy
=

M“&////%/

. /7//

C\yde River

\
ﬂ.

/

\\\\\\“\\\

Kinngait

sCoral Harbour

) / ///////%mgg{“

o

s
s

q’

, K\mm\rut/ ///J') & t%::i

The Baffin Island Caribou March 2024 & 2025 Abundance
Survey Transects & Extents
——— South Baffin Island Survey - March 2024
— North Central Baffin Island Survey - March 2025
Baffin Glaciers

Clyd e Riv

r?ﬁ%

gCoral Harbour

Figure 1. The north, central, and south March 2014 Baffin Island survey transects and extents (Left), and the March 2024 south Baffin and
March 2025 north and central Baffin survey transects and extents (Right) side by side for comparison of survey extents. All
survey extents and transects were developed through consultation with Hunters and Trappers Organizations (HTOs), Regional
Wildlife Organization (RWO), and community meetings (Jenkins and Goorts 2013, Department of Environment 2013).

g &tg
Ay ut



2.0 STUDY AREA

The Baffin Island complex, which includes all of Baffin Island and proximal islands
(including Prince Charles Island), covers an estimated 543,746 square kilometres
(excluding the areas of glaciers and ice fields). The Baffin Island complex exhibits
variable relief, ranging from expansive lowlands near sea level (e.g., the great plain of
the Koukdjuak east of Nettilling Lake, and Prince Charles Island), to the mountains of
the North and South Baffin reaching elevations of 1,963 meters and 2,147 meters
above sea level, respectively. The northeastern fifth of Baffin Island is within the Arctic
Cordillera ecozone, while the remainder of the Baffin Island complex is wholly within
the northern arctic ecozone (Figure 2). For detailed information on these ecozones
and associated ecoregions (Figure 3), see (Campbell et al. 2015). Generalized
indications of plant community productivity suggest that much of Baffin Island may not
be suitable as caribou range suggesting more restrictive and predictable seasonal
occupation of geographically specific areas by caribou (Figure 4) (Environment
Canada 2001).
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3.0 METHODS

3.1 Abundance Survey Methods

The March 2024 abundance survey, which focused on South Baffin Island (see 4.1
Sampling Summary and Data Segregation), used two DeHavilland Twin Otter fixed
wing aircraft and one Eurocopter B-2 helicopter and was based out of the communities
of Igaluit, Pangnirtung, and Kinngait. The March 2025 abundance survey, which
focused on Central and North Baffin Island including Prince Charles Island (see 4.1
Sampling Summary and Data Segregation), also used two DeHavilland Twin Otter
fixed wing aircraft and one Eurocopter B-2 helicopter and was based out of the
communities of lgaluit, Pangnirtung, Qikigtarjuaq, Clyde River, and Igloolik, in addition

to the Mary River Mine Site.

These abundance surveys used the same methods and similar strata (see 4.1
Sampling Summary and Data Segregation) used in the 2014 islandwide survey
(Campbell et al. 2015; however, see discussion on helicopters, e.g., 4.2 Double
Observer and Distance Analysis). These methods are commonly and successfully
used for barren-ground caribou surveys throughout Nunavut (Campbell et al. 2015,
2019, and 2022).

For the fixed wing portion of the surveys, we used a combined distance sampling and
cooperative double observer pair mark-recapture approach. The double-observer pair
configuration was used within all fixed wing aircraft to maximize sightability out of each
of the left and right side of the aircraft, by adding one additional observer to each side
(Campbell et al. 2012, 2015, and 2019). Additionally, the double observer pair

configuration allowed each aircraft to maintain a minimum of two experienced wildlife

13

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

observers on each of the left and right side of the aircraft throughout the survey, while
providing training opportunities, when required, for community-based representatives

within the remaining seats.

For the helicopter portion of these surveys, we used a modified approach whereby the
pilot and data recorder served as observers that would remain in the same seats
throughout the survey making this application of the double-observer component of the
helicopter survey less robust than that of the fixed-wing. The helicopter survey, as
detailed further later in this report, utilized a different observer platform and flight
pattern, which involved flying to and way-pointing each observation rather than using
wing strut bins to estimate distance as used on the fixed wing aircraft. As a result, it
was useful to consider areas flown by helicopter as a distinct stratum to allow added
modelling flexibility as well as evaluation of the effect of the different observer platform

on survey estimates and associated precision.

Distance Sampling

The distance sampling component of the methods estimates the sightability of caribou
groups in various distance bins. This is necessary to correct for declining detection
probability with increasing distance from the survey plane. To accomplish this, we
placed markers on the struts of the survey planes calculated using the formula from
Norton-Griffiths (1978). These markers correspond with the following distance bins: 1)
0—200 meters, 2) 200400 meters, 3) 400-600 meters, 4) 600-1,000 meters, and 5)
1,000-1,500 meters (Norton-Griffiths 1978).

Double Observer Pair

The dependent double observer pair component of the methods estimates the
sightability of caribou groups between same side observers. This is necessary to
reduce bias by accounting for animals missed by a single observer and provides more
reliable abundance estimates. To accomplish this, we used two “primary” or “front”

14
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observers sitting in the left and right seats of the aircraft adjacent to the wing struts,
and two “secondary” or “rear” observers sitting on the left and right side of the aircraft
right behind the primary observers (Figure 5). The dependent double observer pair

method adhered to five basic assumptions or steps.

1 - The primary observer called out all groups of caribou (number of caribou and
wing-strut bin number) he/she saw within the 1- 0-200 meter, 2- 200-400 meter, 3-
400-600 meter, 4- 600-1000 meter, and 5- 1000-1500-meter wing-strut bins before
they passed halfway between the primary and secondary observer (approximately
at the wing strut). 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
(Figure 5). The main requirement was that the primary observer be given time to

call out all caribou seen before the secondary observer called them out.

2 - The secondary observer called out whether he/she saw the caribou that the
primary observer saw, and observations of any additional caribou groups. The
secondary observer also waited to call out caribou until the group observed passed
halfway between observers (between 3 and 6 o’clock for right side observers and

6 and 9 o’clock for left side observers).

3 - The observers discussed any differences in group counts to ensure that they
are calling out the same groups or different groups and to ensure accurate counts

of larger groups.

4 - The data recorder categorized and recorded counts of caribou groups into
“primary only”, “secondary only”, and “both”, entered as separate records.

5 - The same side observers switched places approximately halfway through each
survey day (i.e. during refueling stops) to monitor observer position-based ability.
The recorders noted the names of the primary and secondary observers and their
side (left or right) and recorded group size and any assigned covariates.

15
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In some cases, both same side observers missed a group of caribou, but the group
was seen by the data recorder. It is expected that observer pairs may miss some
caribou and naive inclusion of data recorder observations could cause bias in
estimates. However, in some cases a substantial number of caribou groups were
missed by same side observer pairs indicating that they were weak observers. The
concern in this case is that a substantial number of caribou would have O detection
probabilities solely due to poor observer performance (in comparison to other
observers). However, in this situation the dependent observer approach would not
provide a valid estimate of the reduced detection probabilities. To address this concern
graphical approaches were used to identify weak observer pairs, and in extreme cases,
the weak observers were pooled as a single observer with the second observer being
the data recorder. A covariate was used to model this modification of observer pairing.
A sensitivity analysis was conducted to determine the effect of inclusion of data

recorder observations.

Group size, topography, speed, snow cover, and cloud cover were also considered as
covariates as with other surveys. Aircraft type was also considered. For the 2014
Baffin Island survey, 3 Cessna grand caravan fixed-wing aircraft and one Eurocopter
B-2 helicopter were used, while during both the 2024 and 2025 Baffin Island surveys,
2 DeHavilland twin Otter fixed wing aircraft, and one Eurocopter B-2 helicopter were

used.

Data Recorded

We used “groups of caribou”, as opposed to individual caribou, as the sample unit for
the survey. 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. In general, groups of caribou over an estimated
250 meters apart were considered independent groups. For each group of caribou
recorded, additional covariates were recorded that can influence the sightability of
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caribou (Table 1). Due to heterogeneity variation in detection probabilities, it has been
found that using just a mark-recapture approach overestimates sightability as distance
from the survey plane increases, however, this approach was useful for estimation of
sighting probability near the plane. This approach ensured a more robust estimate
than using distance sampling methods alone which assume that the probability of
detection of caribou groups at O distance from the plane is 1 (Borchers et al. 1998,
Buckland et al. 2004, Laake et al. 2008a, Laake et al. 2008b, Buckland et al. 2010,
Laake et al. 2012).

General Analytical Approach

Initially, we analyzed 2024 and 2025 data separately. For both years, we followed
these general steps to conduct our analysis. First, we conducted exploratory analyses
to assess detection performance in the double observer framework. This allowed us
to identify weak or non-switching observer pairs that could bias the accuracy of
estimates (4.2.1 Double Observer and Distance Analysis (2024), Double Observer
Summary; 4.2.2 Double Observer and Distance Analysis (2025), Double Observer
Summary). Second, we conducted exploratory analyses to assess detection patterns
across the distance sampling framework and the impact of various covariates (see
Table 1; 4.2.1 Double Observer and Distance Analysis (2024), Distance Sampling
Summary; 4.2.2 Double Observer and Distance Analysis (2025), Distance Sampling
Summary). This was done to identify and account for any covariates that could
influence the detection probabilities and thereby impact the accuracy of estimates.
Covariates were also used to describe and model factors influencing the sightability of
caribou (Table 1). These included observer pair given that the sample unit for
dependent methods is pairs of observers as opposed to single observers. If observers

were not paired, then they were pooled into a single multi-observer group.

After the exploratory analyses, we created double observer pair mark-recapture and
distance sampling models for each year (4.2.1 Double Observer and Distance Analysis
(2024), Model Selection Fixed Wing, Helicopter Model Selection; 4.2.2 Double
Observer and Distance Analysis (2025), Model Selection Fixed Wing, Helicopter Model
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Selection). We first built distance sampling models with the mark-recapture model
parameters that held constant, and then vice versa for the double observer models.
We then built a composite model using the most supported covariates from each of the
component analyses. Estimates for strata were derived based on transect lengths and
strata areas for the best fitting detection model. Estimates of variance were derived
using estimators for a systematic sampling layout (Fewster 2011).

We evaluated the fit of these models using the Akaike Information Criterion corrected
for small sample size (AlCc). The model with the lowest AlC. score was considered
the most parsimonious (simplest), thus minimizing estimate bias and optimizing
precision (Burnham and Anderson 1998). The difference in AIC. values between the
most supported model and other models (AAIC.) was also used to evaluate the fit of
models when their AlIC. scores were close. In general, any models with a AAIC. score
of less than 2 between them were considered to have equivalent statistical support.
Overall model fit was also assessed using goodness of fit tests (Buckland et al. 1993,
Buckland et al. 2004) as well as graphical comparison of detection functions with

histograms of frequencies of observations from the surveys.

We then conducted sensitivity analyses for each year to assess how estimates were
affected by analysis methods and model assumptions (4.3 Analysis of 2024 & 2025
Models and Data). We derived estimates using the Jolly strip-transect estimator (Jolly
1969, Krebs 1998) with the survey strip defined at 400 meters from the plane. This
approach, which allows inclusion of all survey data (i.e. data recorder, etc) but assumes
sightability, was equal to 1 in the 0—400-meter strip, provided a useful comparison with
distance sampling estimates. In addition, distance sampling only, and double observer

only (no distance sampling) within the 0—400-meter strip were considered.

Next, we derived estimates for both years (4.4 Estimates). In both years, abundance
estimates were derived from the most supported MRDS model for both the fixed-wing
strata and the helicopter strata (4.4.1 March 2024 South Baffin Survey; 4.4.2 March
2025 Central and North Baffin Survey). We then combined the 2024 and 2025 survey

year estimates into a single islandwide estimate through re-analysis of the 2024 data
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set so that strata had zero (0) overlap with 2025 strata (as detailed later in the report).
The full island 2024-2025 combined estimate was then compared with the 2014 full
island estimate (Campbell et al. 2015).

Finally, we undertook analyses to compare trends in applicable sub-regions (Foxe
Peninsula, Meta-Incognita Peninsula, Hall Peninsula, Central Baffin, and Prince
Charles Island were also compared; 4.5 Trend Analysis). Estimates were initially
compared to the 2012 and 2014 estimates using a t-test to determine if the two
estimates were significantly different (Gasaway et al. 1986). Confidence limits on
yearly change were estimated assuming log-normal distributions of abundance
estimates using a Monte Carlo simulation approach (Manly 1997).

We conducted our analyses in R (R Development Core Team 2009) using the following
R packages: ggplot (Wickham 2009), MRDS R package (Laake et al.), AICmodavg
(Mazerolle 2016), lubridate (Grolemund and Wickham 2011), and ddply (Wickham
2011). For GIS analyses, we used the R package sf (simple features) (Pebesma 2018)
in addition to the software QGIS (QGIS Foundation 2020). The MRDS R package
(Laake et al. 2012) was used to build double observer pair mark-recapture and

distance sampling models.
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Figure 5
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Observer position for double observer methods. The secondary (Rear) observer calls caribou
not seen by the primary (Front) observer after the caribou has passed the main field of vision of
the primary observer. Time on a clock is used to reference relative locations of caribou groups
(e.g. “Caribou group at 1 o’clock”).
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Table 1. The main co-variates (speed and topography were not used) used to

model variation in sightability for dependent double observer pair analysis.

Covariate Acronym Description
Aircraft type AirType Helicopter vs fixed wing
each unigue observer
obs :
pair
Observer pair Whether a pair
Paired switched places during
survey
Pairs who were
Data recorder observations weakobs assisted by the data
recorder
. size of caribou group
size
. observed
Group size
. Natural log of group
Log(size) .
size
snowf snow cover
Snow cover (0,25,75,100)
snow continuous
cloudf cloud cover
Cloud cover (0,25,75,100)
cloud continuous
Snow patchiness SnowPatch Contmt;g:lseordlnal
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3.2 Composition Studies

Since the 2014 survey, the GN ENV has conducted intermittent fall and/or spring aerial
composition surveys from October and March 2015 to 2021 to monitor productivity and
geographically specific relative densities of caribou across Baffin Island (Ringrose

2018, 2019, and 2021). The objectives of this monitoring program were to:

1) Estimate the overall composition of the subpopulations including the north Baffin
grouping, south Baffin grouping, and central Baffin grouping (Figure 6); i.e., what

proportion of the population are bulls, cows, yearlings, and calves.

2) Estimate the trajectory of abundance of the three main groupings of the Baffin
Island caribou population, based on demographic composition as it relates most
specifically to overwinter calf survival (March/April) and overall productivity
(October; measured as calves per 100 cows) to develop an index of population

trend.

3) Monitor the proportion of bulls in the population to ensure that predominantly bull
harvests do not reduce their numbers to a level that could compromise breeding

(rutting) success.

4) Build a database with which to estimate the current population trend through
demographic modeling, utilizing all demographic composition data to project a trend

from the 2014 population estimate.

5) Provide information geographically specific to relative abundance as it relates to
ease of finding caribou and overall numbers of caribou observed, and to use this

information for discussions of TAH and NQL appropriateness.
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Surveys were conducted using a Eurocopter AS350 B2 helicopter, and a survey crew
consisting of a biologist, wildlife technician, an observer, and a pilot. Study areas were
selected based on previous aerial surveys and telemetry program observations as well
as information gathered from hunters from each of the Baffin communities. Hunter
information was collected during consultations conducted in 2012, 2013, 2014, and
2015 (DOE 2013, 2014, 2015a, 2015b unpublished written records-In Prep), across all
Baffin Island (Ringrose 2018, Jenkins and Goorts 2013). Study areas were surveyed
using two to three 5 km spaced transects bisecting identified high use areas by caribou,
or until tracks were observed either on route to proposed high use areas, or while
running transects through these same areas (Ringrose 2018). The method relied
heavily on tracking groups and/or individual caribou until they were sighted, however,

visual sighting methods were used when tracking was either difficult or not possible.

When tracks were encountered and the group located and classified, parallel transects
through the study area would be tightened up to 1 to 2 km apart (depending on the
density of tracks as it related to the ease to separate groups of tracks), with one
transect run perpendicular to the track leading into the area and continued
perpendicular to adjacent transects until tracks were no longer encountered (Ringrose
2018). This allowed classification crews to adaptively “high grade” search areas with
caribou sign. The use of this adaptive search technique allowed for the most efficient
use of the limited helicopter time and limited fuel caches, both the result of the
geographical scale and resultant remote nature of the Baffin Island composition study
areas. Additionally, this adaptive method allowed crews to take advantage of
clustering behavior observed during previous survey and tracking studies, and
described by Baffin Island caribou harvesters, whereby groups of Baffin Island caribou
were more commonly observed in small geographic clusters generally associated with

watersheds, during late winter and spring.

Once tracks were observed, they were followed until the group was located at which
time caribou would be classified into 5 categories; 1) Cow (based on the presence of
a visible vulva patch), 2) Calf (based on body size and characteristics), 3) Yearling
(based on body size and characteristics), 4) Bull (based on absence of vulva patch,

body characteristics and antler size) and when possible, 5) Young Bull (based on
23
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absence of vulva patch, body characteristics and antler size). Image stabilizing
binoculars were used to reduce approach distances as much as possible to limit
disturbance to animals. In cases where groups could not be located due to fuel and/or
weather-related issues, and where time allowed, tracking was resumed the following

day or after refueling.

When analyzing composition results, we used a logistic regression analysis
(McCullough and Nelder 1989) to assess regional differences and overall trends in
calf-cow ratios using surveys. An additive model was used (region+year) to assess
differences in regions and explore if there was a regional increase in calf-cow ratios.
Using logistic regression accounted for differences in sample sizes in surveys with the
response being the count of calves divided by the count of cows in each survey. A
guassi-binomial response model was used to account for likely overdispersion in the

response data.
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Figure 6.

Caribou grouping annual range delineation based on telemetry studies from
1987 to 1994 (primarily South and Central Baffin), and 2008 to 2011 (North
Baffin). Polygons created utilizing a kernel analysis of telemetry point data
collected for 107 collars (North=35; Central = 17; South = 55) (Campbell et
al. 2015).
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4.0 RESULTS

4.1 Sampling Summary and Data Segregation

The Baffin Island March 2024 and 2025 abundance surveys included eight (8) south
Baffin strata and six (6) north-central Baffin strata. The aircraft used within each strata
varied according to topographic ruggedness with fixed-wing (FW) aircraft being
delegated to less topographically rugged strata, and rotary-wing or helicopter (H)

aircraft to more mountainous strata (Figure 7). The South Baffin strata included:

1- Foxe Peninsula low Density Fixed-Wing (FP-LD-FW)

2- Foxe Peninsula Medium Density Fixed-Wing (FP-MD-FW)

3- Hall Peninsula High Density Fixed-Wing (HP-HD-FW)

4- Hall Peninsula High Density Helicopter (HP-HD-H)

5- Meta Incognita Peninsula High Density Fixed-Wing (MP-HD-FW)
6- Niko Island Very Low Density Fixed-Wing (NI-VLD-FW)

7- Nettilling Lake Northeast Low Density Fixed-Wing (NLNE-LD-FW)
8- Nettling Lake North Low Density Fixed-Wing (NLN-LD-FW)

The North-Central Baffin strata included:

1- Gifford Fiord Medium Density Fixed-Wing (GF-MD-FW)

2- Neergaard Lake Low Density Fixed-Wing (NL-LD-FW)

3- North Central Baffin High Density Fixed-Wing (NCB-HD-FW)
4- North Central Baffin Medium Density Helicopter (NCB-MD-H)
5- Pond Inlet Low Density Helicopter (PI-LD-H)
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6- Prince Charles Island-High Density Fixed-Wing (PCI-HD-FW)
7- Western Islands Low Density Fixed-Wing (ISL-LD-FW)

The helicopter survey, as detailed further later in this report, utilized a different observer
platform (non-switching observers) and flight pattern, which involved flying to and way-
pointing each observation rather than using wing strut bins to estimate distance as
used on the fixed wing aircraft. As a result, it was useful to consider areas flown by
helicopter as a distinct stratum to allow added modelling flexibility as well as evaluation
of the effect of the different observer platform on survey estimates. Table 2
summarizes strata and transect dimensions, groups, and caribou observed on each

survey strata.

Like the 2014 Baffin Island caribou abundance survey, both the 2024 and 2025 surveys
were flown over the same general dates in March, with the 2025 north-central Baffin
survey extending further into March due to above-average weather cancellations
(Table 3). Neither survey year violated the five-day maximum allowable weather delay
based on an analysis of collar movements of north, central, and south Baffin caribou
across the March 2024 and 2025 surveys (Figure 8). Additionally, collar movements
over the period showed little directional movement and were consistent with non-
migratory behavior expressed as less than five kilometers of directional movement per

day (Figure 9).
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Figure 7 The 2024 South Baffin (Red) and 2025 North & Central Baffin Island (Grey)
survey strata, transects, and caribou observations, used in this analysis.
Helicopter stratum indicated with an “H” in their label, and fixed wing strata
indicated with a “FW".
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Table 2.  Summary of strata dimensions and sampling. On-transect total caribou
observations are listed for each stratum.

Transects | Strata Total Average | Baseline Coverage Caribou
Strata o | o et | ™| Gt | wamaee
(km) (km) (km2))
2024
FP-LD-FW 14 11,333 1,117 79.79 142.03 0.30 11
FP-MD-FW 26 21,635 2,654 102.09 211.92 0.37 650
HP-HD-FW 57 50,317 8,206 143.96 349.52 0.49 909
HP-HD-H 51 19,677 3,221 63.16 311.55 0.49 433
MP-HD-FW 73 41,801 6,879 94.23 443.61 0.49 1,815
NI-VLD-FW 7 752 81 11.55 65.1 0.32 0
NLNE-LD-FW 20 18,573 1,909 95.47 194.54 0.31 66
NLN-LD-FW 17 12,444 1,244 73.15 170.12 0.30 24
2025

NCB-HD-FW 108 82,875 12,155 112.55 736.37 0.44 3,223
GF-MD-FW 25 3,160 453 18.14 174.25 0.43 7
ISL-LD-FW 15 2,800 301 20.07 139.57 0.32 3
NCB-MD-H 53 22,164 2,225 41.98 528.01 0.30 18
NL-LD-FW 11 3,819 395 35.93 106.32 0.31 238
PCI-HD-FW 19 9,529 1,349 71.01 134.20 0.42 71
PI-LD-H 24 15,809 1,238 51.57 306.56 0.23 96
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Table 3. A comparison between the March 2024 and 2025 Baffin Island
abundance survey timing (x = Flight Day, PR = Pilot Rest Day; WC =
Flight cancelled due to weather).

Date (2024)
Suvey | = | =z |z lz |z |z|lz|lzlzlz|lzlzlzlzlz|z|lzlz|=2]|z=
Type 22|22 |2 |2 |8 |2 (2|22 |8 222|882
S|l oo | ol lhrlbrlrlmrlerlelbrlelel v ]N
(o)) ~ oo © o [ N w SN [6)] (o)) ~ e} © o [l N w EN [6)]
Fixed |y I x x Ix [ x| 2 x| x x| x| x| x]x
Wing R
Rotary W W
Wing ClX | XXX x| S| XX
Date (2025)
Sunvey | = | = 1=z |z |z lz|z|zlzlz|lzlzlz|lz|zlz|lz|z|=z|z=
Type L2 |22 |8 |8 |8 |8 (2|2 |2 |8 |8 &2 ]/2 2|8 |8 8
S| ol |l o lkmrlmrlerlrlprlrlelrlelel il N
[e)] ~ [o6] (e} o N w SN (03] ()] ~ oo [(e] o [ N w N [6)]
Fixed W W W W| W | W
wing | XX X e X e X | XX Xclelc| X X|[X]x]|x]|Xx
Rotary W W W|W|W|W
Wing clXlclclclclc|X| XXX
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Figure 8.  March daily movement rates of south Baffin collared caribou (2024),
and north and central Baffin collared caribou (2025). Note that most
collars tracked during the survey periods were under 5 km/day.
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Flight Tracks and Daily Caribou Movements
Between March 6 and 25, 2025
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Figure 9.

Survey flight tracks and collared caribou daily movements between
March 6 and 25", 2025. Note that movement rates of all collared
caribou were very restricted during the survey period suggesting
weather delays had little impact on cross-transect movements.
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4.2 Double Observer and Distance Analysis

4.2.1 Double Observer and Distance Analysis (2024)

Double Observer Summary

Overall, there were 13 observer pairings of which 7 switched places (as required by the
dependent observer method) (Table 4). Two of the pairings were in the helicopter where
the pilot and data recorder were primary observers therefore not allowing switching. Pair
number 11 was a data recorder who also served as a primary observer for some time

periods again making it not possible to switch.

Of interest was the detection of weak observer pairs that missed a substantial portion of
caribou as indicated by larger frequencies of observations only seen by data recorders.
Data screening suggested that there were 2 pairs (5 and 6) that missed substantial
frequencies of caribou as indicated by the relative difference of detection probabilities
estimated with and without data recorder observations included. Often these pairs had
higher double observer detection probabilities since often the pairs missed the same
caribou (that were observed by the data recorder), therefore causing an unrealistically
high detection probability estimate (given the number of caribou not observed compared
to other pairs) (Figure 10). To offset this issue, the 2 observers were treated as a primary
observer, and the recorder was treated as the secondary observer. This allowed inclusion
of these observations for the weak observer pairs with a covariate to describe unique
observer pair detection probabilities. Other data recorder observations from other pairs

were not included in the analysis.

Another challenge to the analysis was low detection probabilities for the helicopter
observer pairs (9 and 13). This was likely due to the pilots and data recorders being
distracted by other factors and therefore not able to provide constant sighting effort. The
challenge was that by not switching, the estimate of detection probabilities for the
observer pair was based solely on the primary observers with the dependent method
(which assumes equal primary and secondary observer probabilities). This likely caused
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a negative bias in detection probabilities and potentially a positive bias in estimates. Use
of distance sampling only, which does not attempt to estimate detection based on double

observer data, was used as a means to offset this issue.

An added challenge to the analysis was observer pair 11 which was a data recorder who
also served as a primary observer. This observer pairing also had lower detection
probabilities, which were hard to assess given that the primary observer never switched
with the secondary observer. It is assumed in this case that this pair had lower detection
probabilities than many of the other pairs (which were modelled using an observer pair

covariate).
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Table 4. Summary of double observer pair data. P1x is the single observer sighting
probability and p2x is the double observer probability. Data is summarized
for double observer only data and double observer with data recorder
observations as indicated by _nodr and _dr suffixes respectively.

Frequencies Naive detection probabilities
Pair Switched?
Front Rear Both DataRec | Plx_nodr Pl1x_dr p2x p2x_dr
2 yes 1 4 14 0 0.79 0.79 0.96 0.96
3 yes 17 20 92 13 0.84 0.77 0.98 0.95
4 yes 30 35 87 5 0.77 0.75 0.95 0.94
5 yes 27 4 99 37 0.97 0.75 1.00 0.94
6 yes 14 39 a5 0.90 0.51 0.99 0.76
7 yes 4 15 2 0.76 0.70 0.94 0.91
8 no 1 6 0 0.88 0.88 0.98 0.98
9 no (heli) 18 32 18 0 0.53 0.53 0.78 0.78
10 no 5 6 21 0 0.81 0.81 0.96 0.96
no (data
11 recorder & 8 13 10 0 0.58 0.58 0.82 0.82
observer)
12 no 20 7 53 0.91 0.91 0.99 0.99
13 no (heli) 11 34 18 0.46 0.46 0.71 0.71
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Figure 10. Graphical representation of double observer detection probabilities by
observer pairs. The red dots indicate detection probabilities for applicable
pairs where the 2 observers were primary, and the data recorder was
considered the secondary observer.
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Distance Sampling Summary

As would be expected, the detection histogram of observations was highest in the closest
bin with a steady decline to the furthest bin. Detection histogram suggests that observers
were attentive to the closest bin near the plane; an improvement from past surveys
(Figure 10). The shape of detection histograms by aircraft type were different with a
more pronounced shoulder for the helicopter which was likely due to clumping of caribou
groups into small patches of suitable habitat but could also have been due to differences
in the recording of caribou groups and associated coordinates (Figure 11). In addition,
as noted earlier, most observations were only detected by a single observer for the
helicopter in comparison to the twin otter fixed wing. This was likely due to the observer
configuration. Due to the difference in both detection histogram shape and double
observer data, it was decided to analyze the helicopter and fixed wing as separate data

sets.

The effect of group size on detection histograms was less pronounced (Figure 12).
Lower sample sizes made it more difficult to interpret helicopter observations. Cloud
cover had a potential effect of broadening the detection histogram for fixed wing aircraft
at higher cloud cover levels (Figure 13). A broadening of the detection shoulder with
higher snow cover was also suggested, however the effect was minimal (Figure 14). The
combined effect of snow and cloud is shown by the product of the two covariates. The
detection histogram is flattened at higher levels of both cloud and snow cover (Figure
15).
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Figure 10.
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type. Observations are also color-coded by observation type. Observation
frequencies are adjusted based on bin widths. Note the different y-axis

scales.
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Figure 13. Detection histograms as a function of cloud cover. Observation
frequencies are adjusted based on bin widths. Note the different y-axis
scales.
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Model Selection Fixed Wing

Initial model selection tested whether hazard rate or half normal detection functions
were more supported by the data. For this study hazard rate was more supported even
when group size was considered (Tables 5 and 6, model 12). Of the covariates
considered, univariate snow and cloud were supported with an additive snow and cloud
covariate model (model 1) showing the most support. Interestingly, group size was not
supported as a covariate suggesting good sightability conditions within all fixed-wing
survey strata. Observer-specific detection histograms were also considered; however,
model convergence was marginal as shown by large standard errors on beta terms
and therefore these models were not considered especially representative since
adequate model fit was achieved with the set of covariates that were used. For the
double observer model selection, observers (with a focus on weaker observers that
displayed lower detection probabilities than other observers), distance, and the log of
group size were supported. The support of distance suggested that detection from
observers showed some level of independence at further survey bins resulting in

decreasing double observer probabilities.

A plot of the pooled detection function for model 1 (Table 5 and 6) suggests that the
detection of caribou on the line (distance=0) was close to 1 with a shoulder of constant
detection to approximately 200m after which it declined to 0.0 at the furthest bin
(Figure 16). The actual estimate of detection on the line was 0.94 (SE=0.04). The fit
of the distance detection function was adequate with a chi-square of 4.87. However,
degrees of freedom were 0 due to covariates used to estimate the detection function.
The base hazard rate model with no covariates did significantly fit the data with a chi-
square value of 0.79, (df=1, p=0.49).

Visual inspection of the fit of the data to the mark-recapture component of the model
(Figure 17) suggests adequate fit, however, chi-square values suggested marginal fit
(chi-square=16.5, df=5, p=0.005). The main lack of fit was an underestimate of
observations seen only by the secondary observer. The likely cause of this would be
heterogeneity of sighting probabilities caused by the periodic inability to switch
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observers. Sensitivity analyses were conducted, including consideration of estimates
with no mark-recapture component (using distance sampling only, therefore assuming

detection is 1 at the closest survey bin) to better understand implications of lack of fit.
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Table 5. Univariate model selection for distance sampling covariates for the 2024
fixed wing data set. The distance sampling detection function (DF: hr-
hazard rate, hn-Half normal) is shown along with the distance and double
observer model. A constant intercept double observer model was used
for all analysis. Sample size adjusted Akaike Information Criterion
(AICc), the difference in AICc between the most supported model for
each model (AAICc), AlCc weight (wi), number of model parameters (K)
and deviance is given. Constant models are shaded for reference.

No DF Distance model AIC, AAIC, wi K LL
1 hr  snow +cloud 3109.30 0.00 0.56 5  -1549.6
2 hr snow + cloud + snowloud 3110.45 1.15 0.31 6 -1549.2
3 hr snowloud 3114.26 4.96 0.05 4 -1553.1
4 hr cloud 3114.77 5.47 0.04 4  -1553.4
5 hr logsize + snowloud 3116.05 6.75 0.02 5 -1553.0
6 hr logsize + cloud 3116.53 7.23 0.02 5 -1553.2
7 hr logsize + cloud + snowloud 3118.08 8.78 0.01 6 -1553.0
8 hr cloud_factor 3120.72 11.42 0.00 6 -1554.3
9 hr weakobs 3127.13 17.83 0.00 4 -1559.5
10 hr  snow 3140.26 30.96 0.00 4  -1566.1
11 hr snow_factor 3143.77 34.46 0.00 5 -1566.8
12 hr  constant 3146.88 37.58 0.00 3 -1570.4
13 hr  logsize 3147.22 37.92 0.00 4  -1569.6
14  hr  DataRecObs 3148.11 38.81 0.00 4  -1570.0
15  hr  size 3148.31 39.01 0.00 4  -1570.1
17 hr  SnowPatch 3148.38 39.08 0.00 6  -1568.1
18 hn  constant 3176.39 67.09 0.00 2 -1586.2
19 hn  size 3177.18 67.88 0.00 3 -1585.6
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Table 6. Model selection

for

double observer

and combined distance

sampling/double observer covariates for the 2024 fixed wing data set.
The distance sampling detection function (DF: HR-hazard rate, HN-Half
normal) is shown along with distance and double observer model.
Sample size adjusted Akaike Information Criterion (AlICc), the difference
in AlCc between the most supported model for each model (AAICc), AlCc
weight (wi), number of model parameters (K) and deviance is given.
Constant mark-recapture models are shaded for reference.

No DF Distance model MR/2x model AlC. AAIC: wi K LL

1 hr snow + cloud ob6 + ob11l + distance + logsize  3070.31 0.00 0.62 9 -1526.0
2 hr snow + cloud ob6 + ob11 + distance + size 3071.64 132 0.32 9 -1526.7
3 hr snow + cloud ob6 + distance + logsize 3075.95 5.63 0.04 8 -1529.9
4 hr snow + cloud ob6 + ob11 + distance 3077.24 6.92 0.02 8 -1530.5
5 hr snow + cloud ob6 + ob11 3082.67 12.35 0.00 7 -1534.3
6 hr snow + cloud ob5 + ob6 + obll 3082.90 1259 0.00 8 -1533.4
7 hr snow + cloud weakobs 309195 21.63 0.00 6 -1539.9
8 hr snow + cloud distance + logsize 3093.30 22,99 0.00 7 -1539.6
9 hr snow + cloud logsize 3098.77 28.46 0.00 6 -1543.3
10  hr snow + cloud size 3100.48 30.17 0.00 6 -1544.2
11 hr snow + cloud SnowPatchF 3101.27 30.96 0.00 8 -1542.5
12 hr snow + cloud distance 3104.54 34.23 0.00 6 -1546.2
13  hr snow + cloud snowloud 3107.51 37.20 0.00 6 -1547.7
14  hr snow + cloud cloud 3107.87 37.56 0.00 6 -1547.9
15  hr snow + cloud snow 3108.67 38.35 0.00 6 -1548.3
16 hr snow + cloud constant 3109.30 38.99 0.00 5 -1549.6
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Figure 16. Fitted detection function for the most supported MRDS model for the fixed
wing data set.
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Figure 17. Fit of fixed wing mark-recapture double observer model for the fixed wing
data set.

46

f‘-‘g
PSR
Nunavut



Model Selection Helicopter

Lower sample sizes of observations (131 observations) precluded consideration with
more elaborate distance sampling models with the helicopter-only data set (Table 7).
Models with more than 1 covariate did not converge and therefore univariate models
were considered. Of detection functions, the hazard rate was most supported (model
6). A model with cloud cover as a covariate was most supported. A plot of the
detection function shows a broader shoulder extending partially across the 200-400m
survey sighting range. Model fit was adequate (chi-square=0.513, df=1, p=0.47) as
indicated by chi-square tests (Figure 18).
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Table 7. Model selection for distance sampling covariates for the 2024 helicopter
data set. The distance sampling detection function (DF: hr-hazard rate, hn-
Half normal) is shown along with the distance and double observer model.
Sample size adjusted Akaike Information Criterion (AICc), the difference in
AICc between the most supported model for each model (AAICc), AICc
weight (wi), number of model parameters (K) and deviance is given.
Constant models are shaded for reference.
No |DF Model AlC. AAIC. Wi K LL
1 hr cloud 344.70 0.00 0.60 3 -169.3
2 hr snowloud 345.72 1.02 0.36 3 -169.8
3 hr size 352.75 8.05 0.01 3 -173.3
4 hr snow 353.07 8.37 0.01 3 -173.4
5 hr logsize 354.18 9.48 0.01 3 -174.0
6 hr constant 354.43 9.73 0.00 2 -175.2
7 hn size 355.82 11.12 0.00 2 -175.9
8 hr SnowPatch 356.01 11.31 0.00 5 -172.8
9 hn constant 356.34 11.64 0.00 1 -177.2
z
g (e}
< I I I
500 1000 1500
Distance
Figure 18. Fit of helicopter data set to distance sampling data.
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4.2.2 Double Observer and Distance Analysis (2025)

Double Observer Summary

There were 45 combinations of observers during the 2025 survey (when accounting
for primary/secondary ordering of observers). Summaries of the 2025 double observer
data resulted in 12 pairs that switched with the remaining observer combinations not
switching (Table 8). Of the 12 that switched, 2 pairings did not have sufficient sample
sizes and were pooled into a single pair which resulted in 11 pairs. The remainder of
the observers that did not switch were grouped into a single observer pair (12 in Table
8). The helicopter crew was considered as a single pairing (13 in Table 8), given that
they were not able to switch and therefore did not have a pairing that could be modelled

using double observer methods.

Plots of detection probabilities reveal weak pairings using either data recorder
observation or observations without data recorder augmentation (Figure 19). More
exactly, pairs 2 and 7 had lower detection probabilities (without data recorder
observations added), and pairs 8 to 11 had lower detection when data recorder
observations were added. To offset this issue, data recorder observations were used
as the 2" observer observations for pairs 8 to 11. A “weak observer pair” covariate

was used to potentially account for weak probabilities for pairs 2 and 7.
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Table 8. Summary of double observer pair data for 2025. P1x is the single observer
sighting probability and p2x is the double observer probability. Data is
summarized for double observer only data and double observer with data
recorder observations as indicated by _nodr and _dr suffixes.

Frequencies Naive detection probabilities
Pair Switched?
Front Rear Both DataRec | P1x_nodr P1x_dr p2x p2x_dr
1 yes 10 40 17 3 0.75 0.71 0.94 0.92
2 yes 1 10 12 1 0.48 0.46 0.73 0.71
3 yes 6 54 4 0 0.94 0.94 1.00 1.00
4 yes 1 33 2 1 0.94 0.92 1.00 0.99
6 yes 2 30 3 7 0.91 0.76 0.99 0.94
7 yes 6 13 27 0 0.41 0.41 0.66 0.66
8 yes 4 19 2 9 0.92 0.68 0.99 0.90
9 yes 3 16 4 8 0.83 0.61 0.97 0.85
10 yes 4 24 5 11 0.85 0.64 0.98 0.87
11 yes 3 30 3 19 0.92 0.60 0.99 0.84
12 no 94 128 53 17 0.81 0.76 0.96 0.94
(pooled)
13 no (heli) 16 8 12 0 0.67 0.67 0.89 0.89
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Distance Sampling Summary

As for the 2024 analysis, the detection histogram of observations was highest in the
closest bin, with a steady decline to the furthest bin, though sparse sample sizes
precluded solid evaluation of a detection histogram for the Eurocopter B-2 helicopter
(Figure 20 and 21). To confront this, we combined the 2024 and 2025 helicopter
observation data for the analysis of the 2025 data set as detailed later in this report
(Figure 29).

For the fixed-wing analysis, smaller group sizes appeared to have a more pronounced
shoulder compared to larger group sizes for the fixed wing (Figures 21 and 22). Cloud
cover had a potential effect of broadening the detection histogram for fixed wing aircraft
at higher cloud cover levels (Figure 23). A broadening of the shoulder with higher
snow cover was also suggested; however, the effect was minimal (Figure 24). The
combined effect of snow and cloud is shown by the product of the two covariates. It
can be seen that the detection histogram is flattened at higher levels of both cloud and

snow cover (Figure 25).

In previous analyses of central Baffin strata, Prince Charles Island (sampled in 2014
and again in 2025) and characterized by its flat topography and almost continuous
cover of snow, had higher sightability compared to other strata. Inspection of detection
histograms for 2025 also suggests a broader shoulder with a higher proportion of

observations in further survey bins (Figure 26).
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Figure 20. Histograms of detections as a function of distance from fixed wing for 2025.
Observations are also color-coded by observation type. Observation
frequencies are adjusted based on bin widths.
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Figure 21. Histograms of detections as a function of distance from plane for 2025
aircraft type. Observations are also color-coded by observation type.
Observation frequencies are adjusted based on bin widths. Note the

different y-axis scales.
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Figure 22.
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Figure 24. Detection histograms as a function of snow cover for 2025. Observation
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Figure 25. Detection histograms as a function of the product of cloud and snow
cover for 2025. Observation frequencies are adjusted based on bin
widths. Note the different y-axis scales.
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Figure 26. Detection histograms as a function of the product whether observations

occurred on Prince Charles Island for 2025 survey. Observation
frequencies are adjusted based on bin widths. Note the different y-axis
scales.
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Model Selection Fixed Wing

Model selection for the fixed wing aircraft initially focused on detection function choice,
with a hazard rate model (Table 9: Models 6 and 15) being most supported in
comparison to a half-normal detection function. The most supported model (Model 1)
had group size, cloud cover, snow patchiness, and Prince Charles Island (PCI) as
supported covariates. The most supported distance model was then used for mark-
recapture model selection. Distance, the log of group size was more supported than
a constant model (Table 10). A DRPair covariate, which was for lower detection
probability observers, was not supported, suggesting that the amount of variation

caused by these observers was minimal.

The fit of the MRDS model was good, as indicated by plots of the data relative to
detection histograms (Figure 27). Chi-square tests for the distance portion had 0
degrees of freedom, precluding a p-value for the test; however, the overall chi-square
was 3.6, suggesting a reasonable fit. Fit was also adequate to the mark-recapture
portion of the MRDS model (chi-square=2.06, df=2, p=0.36) as suggested by plots of
predictions compared to conditional double observer detection probabilities. Detection
probabilities did decrease with distance; however, the amount was less than suggested
by the distance plot (Figure 28) due to heterogeneity of double observer detection

probabilities.
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Table 9. Model selection for distance sampling covariates for the 2025 fixed wing
data set. The distance sampling detection function (DF: hr-hazard rate, hn-
Half normal) is shown along with the distance and double observer model.
A constant intercept double observer model was used for all analysis.
Sample size adjusted using Akaike Information Criterion (AlICc), the
difference in AICc between the most supported model for each model
(AAICc), AICc weight (wi), number of model parameters (K) and deviance

is given. Constant models are shaded for reference.

No DF Distance model AIC, AAIC, Wi LL

1 hr size + PCl + cloud + snowpatch 2632.84 0.00 0.66 7 -1309.34
2 hr size + PCl + snow + cloud +snowpatch 2634.43 1.60 0.30 8 -1309.12
3 hr size + snow + cloud + snowpatch 2641.34 8.50 0.01 7 -1313.59
4 hr size + cloud + snow 2641.75 8.91 0.01 6 -1314.82
5 hr size + snow 2642.15 9.31 0.01 5 -1316.03
6 hr size + PCI 2643.09 10.26  0.00 5 -1316.51
7 hr size + snow + snowpatch 2643.15 10.32 0.00 6 -1315.52
8 hr size + snow + cloud + snowloud 2643.26 10.43  0.00 7 -1314.56
9 hr PCI 2645.23 12.39 0.00 4 -1318.59
10 hr snow + cloud + snowpatch 2645.95 13.12  0.00 6 -1316.92
11 hr snow + cloud 2646.24 13.41  0.00 5 -1318.08
12 hr snow 2646.93 14.09 0.00 4 -1319.44
13 hr Strata 2647.37 14.53  0.00 7 -1316.61
14 hr snow + cloud + snowcloud 2647.45 14.61 0.00 6 -1317.67
15 hr snowpatch 2647.82 14.98 0.00 4 -1319.88
16 hr size 2650.43 17.59 0.00 4 -1321.19
17 hr snow_factor 2652.38 19.55 0.00 4 -1322.17
18 hr logsize 2653.48 20.64  0.00 4 -1322.71
19 hr weakobs 2654.40 21.56 0.00 4 -1323.17
20 hr constant 2654.81 21.98 0.00 3 -1324.39
21 hr snowcloud 2655.02 2219 0.00 4 -1323.49
22 hr cloud 2655.34 22.50 0.00 4 -1323.64
23 hr cloud_factor 2658.02 25.18 0.00 6 -1322.95
24 hn size 2663.31 30.48 0.00 3 -1328.64
25 hn logsize 2663.49 30.65 0.00 3 -1328.73
26 hn constant 2664.11 31.28 0.00 2 -1330.05
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Table 10.

Model selection for double observer and combined distance
sampling/double observer covariates for the 2025 fixed wing data set. For
this analysis the most supported DS model (Table: size + cloud +
Snowpatch+PCl) was used. Sample size adjusted Akaike Information
Criterion (AICc), the difference in AlCc between the most supported
model for each model (AAICc), AICc weight (wi), number of model
parameters (K) and deviance is given. Constant mark-recapture models
are shaded for reference.

No MRmodel AlC. AAIC. Wi K LL

1 logsize + distance 2627.82 0.00 0.32 9 -1304.8
2 PCI + logsize + distance 2628.27 0.45 0.26 10 -1304.0
3 logsize 2629.84 2.02 0.12 8 -1306.8
4 size 2630.14 2.31 0.10 8 -1307.0
5 distance 2630.33 2.50 0.09 8 -1307.1
6 constant 2632.84 5.01 0.03 7 -1309.3
7 Snow_Patchyness 2633.45 5.63 0.02 8 -1308.6
8 DRPair 2633.59 5.76 0.02 8 -1308.7
9 snowc 2634.48 6.66 0.01 8 -1309.1
10 PCI 2634.66 6.84 0.01 8 -1309.2
11 snowcloud 2634.67 6.84 0.01 8 -1309.2
12 cloudc 2634.71 6.88 0.01 8 -1309.3
13 SnowPatchF 2635.32 7.50 0.01 9 -1308.5
14 logsize + distance 2627.82 0.00 0.32 9 -1304.8
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Figure 27.

Figure 28.
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Helicopter Model Selection

The 2024 and 2025 helicopter data were combined for the 2025 analysis to offset low
sample sizes in the 2025 data set. An additional year covariate was also added to the
analysis to test potential differences in detection functions. A comparison of detection
histograms (Figure 29) suggests proportionally more observations in the furthest
survey bin in 2025; however, this may be due to low sample sizes in 2025. Model
selection results suggested that the detection function scale varied by group size, year
and cloud cover for helicopter observations, with the hazard rate detection function
being most supported (Table 11). A plot of the overall detection function suggested a
reasonable fit of the detection function to the data, with an overall chi-square value of
2.3 (0 degrees of freedom prevented a p-value from being developed) (Figure 30).
The year-based covariate suggested that detection was higher for the helicopter used
in 2025 compared to the same make and model of helicopter (Eurocopter B-2) used in
2024 (Figure 31). The effect of this covariate was a reduction in estimates for 2025
strata by approximately 20% (Model 3 vs Model 1: approximately 200 caribou). So,
the net effect of using the year covariate is to make the 2025 estimate more
conservative due to data deficiencies. Because of this, helicopter estimates were
relatively imprecise (CV=20%) when compared with fixed wing estimates.
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Figure 29.
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Table 11. Model selection for distance sampling covariates for the 2024 and 2025

helicopter data sets.

The distance sampling detection function (DF: hr-

hazard rate, hn-Half normal) is shown along with distance and double
observer model. Sample size adjusted Akaike Information Criterion (AlCc),
the difference in AICc between the most supported model for each model
(AAICc), AICc weight (wi), number of model parameters (K) and deviance
is given. Constant models are shaded for reference.

No DF Model AlC. AAIC. Wi K LL
1 hr size + Year + cloud 434,98 0.00 0.59 5 -212.3
2 hr size + Year + cloud + snowloud 436.69 1.71 0.25 6 -212.1
3 hr size + cloud 439.23 4.25 0.07 4 -215.5
4 hr size + Year 439.67 4.69 0.06 4 -215.7
5 hr size + cloudc + snow 441.34 6.37 0.02 5 -215.5
6 hr size 445.04 10.07 0.00 3 -219.4
7 hn size 446.11 11.13 0.00 2 -221.0
8 hr Year 448.19 13.22 0.00 3 -221.0
9 hn Year 449.54 14.57 0.00 2 -222.7
10 hr logsize 450.71 15.73 0.00 3 -222.3
11 hn logsize 452.01 17.04  0.00 2 -224.0
12 hr cloudc 458.16 23.18 0.00 3 -226.0
13 hr snowloud 460.89 2591 0.00 3 -227.4
14 hr Constant 464.13 29.16 0.00 2 -230.0
15 hr snow 466.10 31.13 0.00 3 -230.0
16 hn Constant 466.50 31.52 0.00 1 -232.2
17 hr SnowpatchF 469.71 34.73 0.00 5 -229.7
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Figure 30.

Figure 31.
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4.3 Sensitivity Analysis of 2024 & 2025 Models & Data

4.3.1 Sensitivity Analysis (2024)

A sensitivity analysis was conducted for the 2024 fixed wing data set to assess sensitivity
of estimates to model fit, inclusion of data recorder data, and distance sampling (Table 6
and Figure 16). The overall estimates from the most supported model were compared
with various models and data formulations (Table 12 and Figure 32).

In the first analysis, we used a distance sampling only model that used estimates of the
most supported distance models with no double observer model (assumed sightability=1
in the closest bin was considered). Estimates from this model were 584 caribou lower
(2.4%) lower than the full MRDS model suggesting that sightability within the transect strip
only reduced the estimate marginally compared to assuming it was 1. We note that this
formulation also should be less sensitive to inclusion of data recorder data given that
detection probabilities are not modelled; instead, it is assumed that relatively equal
observer effort occurs during the survey so that the resulting detection functions apply

across all observer pairs.

In the second analysis, we used a strip transect estimator that assumes sightability within
the 0-400m strip. Estimates were 12% lower using this approach which was not surprising
given that detection decayed after 200m based on calculated detection functions.
Incorporation of double observer modelling did increase the estimate slightly (7% lower);

however, it was still lower than the distance sampling only estimates.

In the third analysis, we used an estimate using the full MRDS model with all data recorder
observations; with estimates being approximately 2,000 caribou (8.8%) lower than the
MRDS model and 6.5% lower than the distance sampling model. This result suggests that
inclusion of data recorder data for the extremely weak pairs likely offsets potential negative

bias caused by larger numbers of caribou being missed by weak observer pairs.
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In the fourth analysis, we used all data including data recorders, all of which was used with
the most supported distance sampling model. This forth analysis was run with estimates
being only 288 caribou lower (1%) than the MRDS model suggesting that just using data

recorder data may be as efficient as double observer modelling.
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Table 12. Sensitivity analysis of estimates of 2024 Baffin Island total estimates. The total
number of caribou used in the estimate (n) is given along with each estimate
(N). MRDS indicates a distance sampling/double observer model, DS
indicates a distance sampling model, and DR indicates data recorder
observations.

Model n N SE Conf. Limit Ccv
Strip transect/Double observer 2609 22,438 1268.4 | 17,097 29,063 0.057
Strip transect 2644 21,289 1458.1 | 18,409 24,169 0.068
MRDS Fixed/DS heli-no DR observations 3614 22,056 1341.2 | 19,555 24,877 0.061
MRDS Fixed/DS helicopter 3843 24,162 1372.0 | 21,595 27,034 0.057
DS Fixed and Helicopter 3843 23,577 1362.4| 21,031 26,432 0.058
DS Fixed and Helicopter-all DR 3908 23,874 1406.6 | 21,254 26,816 0.059

observations

Strip transect/Double observer |—_f—|
Strip transect 7 I——{
0 I
a_;-‘ :
t_EU MRDS Fixed/DS helicopter-no data recorder ] I——H
< I
= |
=
@ MRDS Fixed/DS helicopter o —
©
m 1
DS Fixed and Helicopter (all DR observations) I—’.—|
DS Fixed and Helicopter I—'E—|
0 10000 20000 3000(

Abundance estimate

Figure 32. Graphical representation of 2024 sensitivity analysis. Dashed line indicates
estimate used for analyses.

67

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

4.3.2 Sensitivity Analysis (2025)

A similar set of sensitivity analyses were conducted for the 2025 fixed wing Northern Baffin
Island data set to assess the effect of inclusion of data recorder observations as well as
use of distance sampling methods. Estimates were compared to the full MRDS estimate
(Table 10). The helicopter portion of the data set, which was challenged by low sample

sizes, was not used in sensitivity analyses.

As with the 2024 strip-transect/double observer results, 2025 estimates with or without data
recorder observations were 10-16% lower than full data set estimates (Table 13 and

Figure 33) demonstrating the utility of distance sampling to reduce estimate bias.

A second analysis considered the selective addition of data recorder observations used in
the 2025 analysis (MRDS (selective DR obs in Table 13)) with no data recorder
observations included (MRDS (no DR obs)). In this case estimates were 4% lower when
data recorder observations were not included, suggesting that augmentation of weak
observers with data recorder observations provides an effective way to offset issues with

weak observers.

A final analysis compared estimates using just distance sampling with all data recorder
observations (DS (all DR obs)) with the MRDS estimates with selective observations. In

this case the distance sampling only estimates were slightly higher than the MRDS
estimates, however, the difference was only 1.5%. As discussed later, this result suggests
that just using distance sampling with combined data recorder and observer observations
can be as effective as MRDS methods when survey conditions are favorable.
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Table 13.  Sensitivity analysis of estimates of 2025 Baffin Island total estimates. The
total number of caribou used in the estimate (n) is given along with each
estimate (N). MRDS indicates a distance sampling/double observer model,
DS indicates a distance sampling model, and DR indicates data recorder

observations.
Model n N SE Conf. Limit Ccv
Strip transect (all DR obs) 2588 20,328 | 1589.9 | 17,177 | 23,480 | 0.078
Strip transect/Double observer 2532 21,774 | 1493.0 | 18,982 | 24,977 | 0.069
MRDS (selective DR obs) 3489 24,080 | 1812.2 | 20,739 | 27,958 | 0.075
MRDS (no DR obs) 3278 23,044 | 1841.3 | 19,668 | 27,001 | 0.080
DS (all DR obs) 3555 24,450 | 1942.0 | 20,898 | 28,606 | 0.079
Strip transect/Double observer - }——Ir—i
Strip transect 7 Ii—l i
% i
£
= MRDS (selective DR obs) 7 I I
._;
3 .
3 |
MRDS (no DR obs) I ; I
DS (all DR obs) - |
1E500 23'5!00 3000
Abundance estimate
Figure 33. Graphical representation of 2025 sensitivity analysis. Dashed line
indicates estimate used for analyses.
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4.4 Estimates

Estimates derived from both March 2024, and 2025 surveys were analyzed separately
before merging the two datasets together for a whole Baffin Island estimate. The
results of these individual assessments are as follows below. However, to accurately
assess the whole Island estimate, survey strata from both years would have to be
merged in a way that would keep relative density assessments as mutually exclusive

as possible. This process will be discussed later in this section.

4.4.1 March 2024 South Baffin Survey

March 2024 abundance estimates were derived from the most supported MRDS model
for both the fixed-wing strata and the helicopter (Heli) strata (Table 14). Highest
abundance and densities occurred on the MP-HD-FW (Meta-Incognita Peninsula High
Density) where 11,694 adult, yearling, and calf caribou were estimated, followed by
Hall Peninsula High Density strata (HP-HD-FW and HP-HD-H) where combined fixed
wing and rotary wing methods estimated a total of 8,110 (Fixed 95% CI = 4,977-6,910;
CV = 8.2%; Helicopter 95% CI = 1,572-3,207; CV = 18.0%) adults, yearlings, and
calves, and finally FP-MD-FW (Fox Peninsula Medium Density), where 3,589 (95% CI
= 2,558-5,035; CV = 16.1%) adults, yearlings, and calves were estimated. Overall
estimates were relatively precise with the least precise estimates (highest CV’s)
occurring within the FP-LD-FW density stratum (with 11 on-transect caribou
observations), the NLNE-LD-FW (Nettling Lake North East low density) stratum (with
66 on-transect caribou observations), and the NLN-LD-FW (Nettling Lake North low
density) stratum (with 24 on-transect caribou observations) (Table 14). Combined

these low-density strata had little influence on the overall abundance of south Baffin
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caribou, contributing a mean of 769 caribou to the south Baffin estimate. Higher
density survey strata however were relatively precise yielding an estimate across all
south Baffin survey strata of 24,162 (95% CI = 21,595-27,034; CV = 5.7%) adult,

yearling, and calf caribou.

4.4.2 March 2025 Central and North Baffin Survey

Similar to March 2024, the March 2025 abundance estimates were derived from the
most supported MRDS model for both the fixed-wing and the helicopter strata (Table
14). The NCB-HD-FW (North Central Baffin High Density Fixed-Wing) stratum
recorded densities of 27.36 caribou per 100km? which were similar to densities to MP-
HD-FW (Meta-Incognita Peninsula High Density Fixed-Wing) flown in 2024. These
two strata contained the majority of caribou estimated across Baffin Island. In total
3,223 caribou were observed on transect within the NCB-HD-FW stratum which
translated to an estimated total stratum abundance of 22,677 caribou (95%CI= 18,922-
27,178; CV=9.2%). The estimate was precise with a CV of 8.5%. The next highest
recorded densities of caribou occurred within the PCI-HD-FW (Prince Charles Island
High Density Fixed-Wing) stratum where a relative density of 7.36 caribou/km?
translated to an estimated 1,163 caribou adults, yearlings, and calves (95% CI=707-
1,914; CV=24.2%), followed by the NL-LD-FW (Neergaard Lake Low Density Fixed-
Wing) showing a relative density of 4.30 caribou/km2 and an estimated 164 adults,
yearlings, and calves (95%CI=26 to 1,024;CV=98.5%). Both these strata produced
imprecise estimates due to the relatively low sample population and as is evident by
their high CVs. The remaining strata recorded 1.84 caribou/km2 within the NCB-MD-
H (North Central Baffin Medium Density Helicopter), 1.61 caribou/km2 within the GF-
MD-FW (Gifford Fiord Medium Density Fixed-Wing) and 0.85 caribou/km2 within the
ISL-LD-FW (Western Islands Low Density Fixed-Wing)). In total these final strata
accounted for 81 caribou seen on transect, yielding an estimate of 483 adults, calves,
and yearlings between the three strata. Again, these estimates lacked precision,
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however, this lack of precision had little effect on the overall precision of the 2025
survey due to the relatively low numbers of caribou observed and estimated within
these low and medium density transects when compared with the high density and

high precision of the NCB-HD-FW strata and transects.
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Table 14.  Estimates for each stratum from the most supported MRDS model. The
number of caribou counted on transect (n) is given for each stratum along
with abundance estimates. Density is the abundance estimate divided
by strata area X 100.

Strata n N SE Conf. Limit Ccv Density
2024
FP-LD-FW 11 94 70.8 19 457 0.757 0.8
FP-MD-FW 650 3,589 578.8 2,558 5,035 0.161 16.6
MP-HD-FW 1,751 11,694 1041.7 9,787 13,972 0.089 28.0
NLNE-LD-FW 66 479 231.1 174 1,322 0.482 2.6
NLN-LD-FW 24 196 101.9 65 592 0.520 1.6
HP-HD-FW 909 5,864 479.8 4,977 6,910 0.082 11.7
HP-HD-H 432 2,246 403.9 1,572 3,207 0.180 11.4
Total 3,843 24,162 1372.0 21,595 27,034 0.057
2025
NCB-HD-FW 3,223 22,677 2081.0 18,922 27,178 0.092 27.4
GFE-MD-FW 7 51 51.0 9 284 1.001 1.6
ISL-LD-FW 3 24 24.1 4 144 1.009 0.9
NL-LD-EW 18 164 162.0 26 1,024 0.985 4.3
PCI-HD-EW 238 1,163 281.5 707 1,914 0.242 7.4
NCB-HD-H 71 408 183.8 173 963 0.451 1.8
PI-LD-H 96 539 58.2 436 667 0.108 5.7
Total 3,656 25,026 2115.8 21,182 29,568 0.085
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4.4.3 Merging March 2024 and 2025 Overlapping Strata

We combined the March 2024, and 2025 caribou abundance estimates for a whole
Baffin Island estimate. This analytical step was required for the development of a trend
analysis utilizing the March/April 2012 South Baffin Island survey estimate, March 2014
Full Baffin Island survey estimate (Campbell et al. 2015), and the March 2024 and
2025 merged Baffin Island survey estimates (Figure 34). Further, and to analytically
combine the 2024 Nettling Lake strata including the Nettling Lake East Low Density
(NLNE-LD-FW) and the Nettling Lake Low Density (NLN-LD-FW), we analyzed their
degree of overlap with the 2025 Central Baffin stratum (CB) (Table 15). To combine
these overlapping strata estimates from the transects flown, a few modifications to the
2024 survey strata were required. We used all available past and recent telemetry and
survey data to examine caribou movements and mixing within the localized area
encompassing these three partially overlapping strata across the two survey years.
We also used current 2024 and 2025 telemetry movement data to assess movement
rates and spatial affiliations between the two survey years though this data was limited

to only four (4) collars in March 2024 and four (4) collared caribou cows in March 2025.

An initial assessment of overlapping survey stratum showed the majority of the 2024
Nettling Lake North Low-density stratum (NLN-LD-FW) overlapping with the 2025
NCB-HD-FW stratum; however, no caribou were detected in the areas of the 2024
NLN-LD-FW stratum that did not overlap with the 2025 NCB-HD-FW stratum (Figure
35). Therefore, the NLN-LD-FW stratum was excluded from trend comparison (the
estimate of caribou in the area that did not overlap 2025 was 0). We also examined
the 2025 NCB-HD-FW stratum which also extended into the 2024 NLNE-LD-FW
stratum. As with the NLN-LD-FW stratum, few caribou occurred in areas that did not
overlap apart from a few groups to the southwest NLE-LD-FW stratum. To estimate
these groups, the area of overlap between the 2025 NCB-HD-FW and 2024 NLNE-LD-
FW strata was clipped to create a new 2024 NLE-LD-FW stratum that excluded the
2025 NCB-HD-FW stratum. Observations from 2024, that were in the 2025 NCB-HD-
FW stratum, were then excluded to derive new estimates for the 2024 NLE-LD-FW
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stratum. This sampling configuration assumes that most caribou detected in 2025
were from the Central Baffin subpopulation and that an insignificant number of caribou
moved from the South Baffin survey extents into the Central Baffin stratum survey
extents (and vice-versa) in March 2024 and 2025. Past collar analysis (Campbell et al
2015) suggests that this subpopulation mainly occurs to the north of Nettling Lake with
the South Baffin subpopulation or grouping predominantly occurring to the south of
Nettling Lake during the time of year the survey was flown (Figure 36). Current collar
data from 2024 and 2025, over the same days the surveys were conducted supports
this hypothesis, showing minimal movement between central and south Baffin survey
extents in March when the surveys occurred, and other months of the year as well
(Figure 37). No collared caribou switched subpopulations during this period. Though
this spatial assessment supports these stratification modifications, we must note that
this comparison is limited by sample size and distribution of the collared caribou.
Despite the small sample size, this assessment does suggest remarkable fidelity of
caribou to regional areas within Baffin Island. Following the assessment of all available
spatial caribou data and the final adjustment of overlapping strata and recorded
caribou observations, the resulting 2024 and 2025 estimates were merged to derive a
full island estimate of 48,681(C1=43,973-53,893) (Table 15 and Figure 38).
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Figure 34. Areas sampled in 2024 (green) and 2025 (black with white observations).
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Figure 35. Close up of area of overlap of 2024 and 2025 sampling strata.
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Figure 36. Winter range use based on utilization distributions utilizing a Kernel
analysis with an 11 km search radius using historic (1987-1994) collar

data. Darker colors indicate higher use.
(2015).
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Figure 37. Locations of collared caribou (h=34 and 33 for 2024 and 2025) relative
to survey strata (2024: green, 2025: brown) in March when surveys
were conducted relative to other months of the year.
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Table 15. Estimates from 2024 excluding area of overlap with 2025 strata (NLN-LD-
FW strata eliminated and NLNE-LD-FW reduced) and the resulting
combined estimates of 2024 and 2025 (FW=Fixed wing aircraft;
H=Helicopter). The 2025 strata estimates are listed in Table 5.

Strata

5024 n N SE Conf. Limit cv Carli)lf::I/tIZmZ
Foxe Penn.
Fixed wing FP-LD-FW 11 94 70.8 19 457 0.757 0.8
Low Density
Foxe Penn.
Med Density FP-MD-FW 650 | 3,589 578.8 2,558 | 5,035 | 0.161 16.6
Fixed Wing
Meta-Incognita
Penn. High
Density Fixed MP-HD-FW 1751 | 11,694 | 1041.7 | 9,787 | 13,972 | 0.089 28
Wing
Nettling Lake
East Low NLNE-LD-FW
Density Fixed (reduced) 23 168 181.3 24 1,189 | 1.081 1.09
Wing
Hall Penn High
Density Fixed HP-HD-FW 909 5,864 479.8 4977 | 6,910 | 0.082 11.7
Wing
Hall Penn Heli HP-HD-H
High Density DS only) 432 2,246 403.9 1,572 | 3,207 | 0.180 11.4
Helicopter ( y
2024
Total 3,776 | 23,655 | 1360.7 | 21,111 | 26,506 | 0.058
2025
Total 3,656 | 25,026 | 2115.8 | 21,182 | 29,568 | 0.085
TOTAL
2024 and 2025 7,432 | 48,681 | 2515.5 | 43,973 | 53,893 | 0.052
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Figure 38.  The combined 2024 and 2025 data sets with the 2024 NLNE-LD-FW
stratum modified to avoid overlap with the 2025 NCB-HD-FW stratum.
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4.5 Trend Analysis

45.1 Observed Abundance Trends

Comparisons between full Baffin Island abundance estimates as well as regional
stratum estimates, were undertaken using data from the 2012, 2014, and merged 2024
and 2025 surveys (Tables 15 and 16). The 2014 full island estimate used to determine
trend did not include Melville Peninsula or Borden Peninsula given that these 2 areas
were not surveyed in 2024/2025. This reduced the estimate used for the analysis of
trend from 4,872 (Cl=3,661-6,484) to 4,645 (Cl=3,667-5,885) (Table 16).

Regional trends from 2014 to 2024-5 were evaluated by pairing 2014 strata (Figure
39 and Table 16) with 2024-2025 strata based on overlap as summarized in Table 16.
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Table 16. Estimates for 2014 Baffin Island survey (Campbell et al. 2015) strata that
Also listed are the corresponding
2024/2025 strata used in the trend analysis. Note that the Central Baffin
region in 2014 was composed of the Central Baffin and Mary River strata

overlap the 2024 and 2025 surveys.

(Figure 39).

Region/Strata

Corresponding

Corresponding to 2014 n N SE Conﬂdgnce CVv 2024/25 strata
Limit used for trend
Survey strata .
analysis
Central Baffin 197 | 1,091 | 278.4 | 662 | 1,798 | 0.255 NCB-HD-FW
Mary River 49 224 97.1 96 521 0.433 PI-LD-H
. FP-MD-FW
Foxe Peninsula 20 216 | 183.4 48 972 0.849 EP-LD-FW
, HP-HD-FW,
Hall Peninsula 176 887 | 2929 | 467 | 1,686 | 0.33 HP-HD-H
Meta-Incognita Peninsula 91 539 | 207.5 | 256 1,138 | 0.385 MP-HD-FW
Prince Charles Island (PCI) | 557 | 1,603 | 249.8 | 1,158 | 2,220 | 0.156 PCI-HD-FW
North Central Baffin 13 85 45 31 230 0.53 NCB-MD-H
Total 1,103 | 4,645 | 560.2 | 3,667 | 5,884 | 0.121
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Observations from the combined 2024 and 2025 data sets (Figure 38) indicated higher
densities in most March 2024 and 2025 strata then were observed in March 2014 or
March 2012. March 2014 observations and estimates illustrate relatively low numbers
of caribou in comparison to March 2024 and 2025 strata observations and estimates
(Tables 15, 16 and Figure 39).

Regionally, the greatest change was documented within the Central Baffin Region
where the mean estimate increased from 1,315 caribou (adults and yearlings) in 2014,
to 23,216 (p-value <0.0001) by 2025. The Meta-Incognita region recorded the next
highest change from 539 to 11,694 (p-value < 0.0001), followed by the Hall Peninsula
region where the estimated number of caribou increased from 887 to 7,878 (p-value <
0.0001), and finally the Foxe Peninsula region where the mean estimate increased
from 216 adult, yearling, and calf caribou in 2014, to 3,682 by March 2024 (p-value <
0.0001) (Table 17). Significant increases in abundance were not detected within the
Prince Charles Island region and North Central Baffin region, where p-values were
recorded well above the 0.05 threshold. Mean estimates from these two regional strata
did, however, suggest an increase in abundance within the North Central Baffin region,
and a decrease in overall caribou abundance within the Prince Charles Island region
(Figure 40).

Overall estimates across all Baffin Island strata between March 2014 and March
2024/25 saw a mean increase from 4,645 to 48,681 adult, yearling, and calf caribou
respectively. This change was highly significant yielding a P-value of less than 0.0001
(P-values less than 0.05 are an indication of statistically significant change) (Figure
41).

The rates and magnitude of this change were estimated using the ratio of successive
caribou survey estimates for the full Baffin Island survey area, as well as for individual
strata making up the whole Baffin Island survey area (Table 18). For clarity, the year
for the Baffin 2024/2025 merged surveys was set to 2024.5 to accommodate the
splitting of the island wide survey effort into the 2024 (South Baffin) and 2025 (North
and Central Baffin Island) surveys that covered the entire Island (except for a large

portion of Borden Peninsula). Of most interest was a comparison of the 2012 and 2014
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estimates with 2024/2025 estimates. The relatively high CV’s reported for both the
2012 and 2014 surveys, coupled with extended (7 weeks) and partial coverage (parts
of central Baffin and all of North Baffin Island not surveyed) of the 2012 survey,
compared to the 2014 whole Baffin Island survey coverage across a 4 week period,

precluded solid estimates of trend in most cases between these survey years.

The overall estimate for Baffin Island generated from the merged March 2024 (South
Baffin), and 2025 (North and Central Baffin), indicate that caribou abundance
increased approximately 11-fold since March 2014, which translates to a 25% rate of
annual increase in abundance (CI=1.22-1.28). Figure 42 shows yearly change
estimates for the most relevant intervals. Increases occurred in all strata except for
Prince Charles Island which decreased by 3% per year. Estimates of increase varied
by each individual region, however, confidence intervals overlapped estimates for the

entire region suggesting statistically similar trends.
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Table 17.  Estimates of abundance from previous and the present 2024/2025
surveys used for trend analysis based on comparisons listed in Table 16.
The total number of caribou used in the estimate (n) is given along with
each estimate and confidence limits as well as coefficient of variation
(CV) and degrees of freedom. In addition, t-test for statistical significance
between estimates are given.
Year | Caribou N cv Conf. Limit df T-test dft p-value
(n)
Baffin (all strata)
2014 1,103 4,645 |0.126 | 3,667 5,885 286.6
2025 7,432 | 48,681 | 0.052 | 43,973 | 53,893 | 245.1 17.1 | 269.4 | <0.0001
Central Baffin region
2014 246 1,315 | 0.238 | 827 2,093 122.6
2025 3,319 | 23,216 | 0.090 | 19,452 | 27,709 | 142.8 10.4 | 149.2 | <0.0001
Foxe Peninsula region
2012 6 69 0.995 12 389 19.6
2014 20 216 | 0.849 48 972 30.4 0.8 38.3 | 0.4568
2024 661 3,682 | 0.158 | 2,577 5,492 23.0 5.7 27.6 | <0.0001
Hall Peninsula region
2012 41 480 |0.337 | 250 925 65.5
2014 176 887 |0.330| 467 1,686 96.0 1.2 | 143.9 | 0.2265
2024 1,342 7,878 | 0.075 | 6,793 9,137 86.7 10.6 | 127.9 | <0.0001
Meta-Incognita Peninsula region
2012 13 162 | 0.545 57 455 34.7
2014 91 539 | 0.385 256 1,138 96.2 1.7 | 122.9 | 0.0966
2024 1,751 | 11,694 | 0.089 | 9,787 | 13,972 55.0 10.5 | 59.3 | <0.0001
North Central Baffin region
2014 13 85 0.533 31 232 55.2
2025 71 408 | 0.451 173 963 154.0 1.7 | 171.5 | 0.0901
Prince Charles Island (PCl)
2014 557 1,603 |0.171 | 1,131 2,272 26.0
2025 238 1,163 | 0.242 707 1,914 64.1 -1.1 | 75.7 | 0.2663
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Figure 40 Estimates of abundance for the Baffin Island full island estimates in
2014 and 2024/25.
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Table 18.  Rates of change in abundance for regions as defined in Table 16. for

2012, 2014, 2024, and 2025. Abundance estimates are given for each
year and estimates of gross change (Ny2/Ny1) and annual change (A). Ny1
is the abundance estimate for the first year of the comparison and Nyz is
the estimate for the year of the second estimate.

Interval

Ny1 SE1 N2 SE,> GC SE Conf. Limit A SE | Conf. Limit

Baffin (all strata)

2014-

2024- 4,645 | 560.3 | 48,681 2515.5 10.48 140 | 8.16 | 13.62 | 1.25 | 0.02 | 1.22 | 1.28
2025

Central Baffin region

2014-

2025 1,315 | 312.9 | 23,216 | 2081.8 17.65 4,77 | 11.06 | 4.49 1.30 | 0.03 | 1.24 | 1.36
Foxe Peninsula region

2012-

2014 69 68.5 216 183.4 3.14 9.73 | 0.38 4.10 1.77 | 1.28 | 0.62 | 5.44
2014-

2024 216 | 183.4 | 3,682 583.1 17.05 25.6 | 505 | 14.73 | 1.33 | 0.10 | 1.18 | 1.58
Hall Peninsula region

2012-

2014 480 | 161.9 887 292.9 1.85 1.00 | 0.75 0.87 1.36 | 0.33 | 0.87 | 2.14
2014-

2024 887 | 2929 | 7,878 588.0 8.88 3.35 | 4.88 3.01 1.24 | 0.04 | 1.17 | 1.33
Meta Incognita Peninsula region

22%111 162 88.1 539 207.5 3.34 3.03 1.03 2.23 1.83 | 0.64 | 1.01 | 3.50
2014-

2024 539 | 207.5| 11,694 | 1041.7 21.70 9.88 | 10.95 | 8.57 1.36 | 0.05 | 1.27 | 1.48
North Central Baffin region

2014-

2025 85 45.3 408 183.8 4.80 4,54 | 1.36 3.35 1.15 | 0.07 | 1.03 | 1.30
Prince Charles Island region

22%12‘; 1,603 | 274.1 | 1,163 281.5 0.73 0.22 | 0.40 0.22 0.97 | 0.03 | 0.92 | 1.02
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region/strata specific change. A vertical line and A =1 indicate population
stability.
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4.6 Spring Composition

Composition intensity, timing, and geographic location, varied between years and was
highly dependant on funding, available qualified staff, and weather (Ringrose 2018,
2019, 2021). Emphasis was put onto spring composition studies as the best indicator
of trend based on its ability to assess overwinter calf survival, the period with the
highest expected calf mortality. This period is considered a more dependable indicator
of herd productivity and trend. Generally, calves that survived into the spring were

considered recruited into the population.

In the fall of 2015, classification crews flew a total of 96.4 hours (28.6 hours in North
Baffin, 38.5 hours in Central Baffin, and 29.3 hours in South Baffin) classifying 208, 96,
and 159 caribou respectively (Table 19 and Table 20) (Ringrose, 2018). In the spring
of 2016, crews flew a combined total of 86.3 hours in both Central and South Baffin
classifying 125 and 451 caribou, respectively, while in the fall of 2016 crews flew a total
of 67.4 hours (19.6 hours in North Baffin and 47.8 hours in South Baffin) classifying
202 caribou in north Baffin, and 445 in south Baffin. Spring 2017 flight hours totaled
104.6 (26.2 hours in North Baffin, 41.6 hours in Central Baffin and 36.8 hours in South
Baffin), classifying 254, 8, and 597 caribou respectively, while 2017 flights totaled 14.6
hours in North Baffin alone, observing 316 caribou. In the spring of 2018, crews flew
a total of 102.5 hours (18.9 hours in North Baffin, 29.1 hours in Central Baffin, and 54.5
hours in South Baffin) classifying 100, 98, and 933 caribou, respectively.
Unfortunately, there were not sufficient resources or cached fuel to conduct fall
composition studies in 2018. By 2019 classifications were adjusted to spring only to
focus available resources on what was believed to be the most useful index of
demographic growth (Ringrose 2019). In spring 2019, classification crews flew 61
hours in south Baffin only observing 1,584 caribou. The most recent composition
flights occurred in March/April 2021 within the north and south Baffin study areas

(Ringrose 2021), at which time a total of 38.4 hours were flown in south Baffin, and
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31.6 hours were flown within the north Baffin study area. South Baffin caribou
observations totalled 1,734 the highest recorded to date while north Baffin
observations totaled 192, largely due to poor weather and the inability to reach all

targeted north Baffin pre-determined classification extents.

It is noteworthy that when compared to the 2014 caribou survey estimates for the north,
central, and south Baffin Island regions, 2016, 2017, and 2018 spring classification
counts assessed large proportions of the overall estimates. In 2016 11.5% of the
survey estimate was assessed for central Baffin, and 16.5% for south. In spring 2017,
80.6% of the 2014 survey estimate was classified for north Baffin, and 21.8% for south
Baffin suggesting good representation of the overall caribou population. Of the North,
Central and South Baffin classification areas, the south Baffin had the most consistent
sampling of caribou on their spring range. South Baffin classification counts increased
from 451 in 2016, to 597 in 2017, to 933 in 2018, to 1,584 in 2019 and finally to 1,734
by 2021, suggesting substantial growth within these sampling areas.

High calf to cow ratios were observed for both north and south Baffin. Calf to cow
ratios within the south Baffin steadily increased from 22 in 2016, 37 in 2017, to 39 in
2018, to a high of 57 in 2019, and most recently to 47 in 2021 (Table 20). Similarly
north Baffin calf to cow ratios climbed from 39 in 2017, to 58 in 2018 ending with a high
of 63 by 2021. Apart from spring 2016, all calf to cow ratios were for both north and
south Baffin Island caribou were well above the known published thresholds for an
increasing population (Heard et al. 1990, Boulanger et al. 2011). These findings
suggest substantial growth since the establishment of harvest restrictions.

A logistic regression analysis (McCullough and Nelder 1989) was conducted to assess
regional differences and overall trends in calf-cow ratios using surveys (Table 21).
Additionally, an additive model was used (region+year) to assess differences in regions
and explore if there was a regional increase in calf-cow ratios. The use of logistic
regression accounted for differences in sample sizes in surveys with the response
being the count of calves divided by the count of cows in each survey. A quassi-
binomial response model was then used to account for likely overdispersion in the
response data. Results suggested a weak positive trend (as indicated by the year

term) as well as differences in mean calf-cow ratios in different regional areas.
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Inspection of estimates relative to predictions suggests a relatively similar positive
trend in all areas except Prince Charles Island, which also did not exhibit an increase
in abundance between 2014 and 2025 (Figure 43). The most apparent trend occurred

on South Baffin, which had the most survey data.
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Table 19.  Survey Flight hours by survey region 2015-2021.

VEAR SEASOY FLIGHTHOURS
North Baffin | Central Baffin| South Baffin

2015 Fall 28.6 38.5 29.3

Soring NC 86.3 86.3
2016 Fall 19.6 NC 47.8

Soring 26.2 41.6 36.8
017 146 NC NC
2018 Soring 18.9 29.1 54.5
2019 Soring NC NC 61.0
2021 Soring 31.6 NC 38.4
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Table 20. Spring and fall composition results Oct 2015 to April 2021 (NS=Not
sampled; NR=Not recorded).
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Table 21.  Logistic regression analysis parameters for analysis of regional trends
in calf cow ratios. The parameters are on the logit scale with t-tests of
parameter significance.

Term Estimate | Std. Error | tvalue | Pr(>|t])
(Intercept) -401.796 291.885 -1.377 0.202
North Baffin Island -0.739 0.648 -1.140 0.284
Prince Charles Island -1.639 0.655 -2.504 0.034
South Baffin Island -1.279 0.583 -2.194 0.056
Year 0.199 0.145 1.378 0.201
Central Baffin Island North Baffin Island
100 1 'I 100[
751
L= =2 LT’ S
50 1 . == -
o | 1
}—3 251
=
[e]
o
= Prince Charles Island South Baffin Island
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£
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Figure 43 Spring calf/100 cow ratios expressed as a percentage for each of North
Baffin, South Baffin, Central Baffin and Prince Charles Island groupings
of caribou. Also shown are logistic regression predictions of trend in
calf cow ratios with confidence limits given as shaded areas.
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5.0 DISCUSSION

5.1 Baffin Island Populations/Subpopulations

No conclusive quantitative assessment of caribou population and/or subpopulation
structure has been reported for Baffin Island. Ferguson was the first to report three
populations across Baffin Island; the North Baffin population, the South Baffin
population and the Northeast Baffin population (Ferguson, 1993; Ferguson and
Gauthier, 1992; Ferguson et al.,, 1998). The delineation of these populations was
based largely on Inuit knowledge with the first published boundaries released in 1992
(Ferguson and Gauthier, 1992; Ferguson, 1993) (Figure 44). Ferguson also described
differing ecotypes and/or migratory types within the defined south Baffin population,
suggesting that three subpopulations make up the south Baffin caribou population
(Ferguson, 1993; Ferguson et al., 1998).

The most recent attempt to delineate distinct behavioral groupings of barren-ground
caribou across Baffin Island was reported in Campbell et al. (2015). Campbell et al.
(2015) examined the location data from 71 collared Baffin caribou cows collected
between 1987 and 1994, as well as the location data of 31 collared north Baffin caribou
cows collected between 2008 and 2011 (Campbell et al. 2015; Jenkins and Goorts,
2011, Ferguson 1988). The location database was not temporally consistent, covering
a period of high abundance (1987-1994) and low abundance (2008-2011) creating
temporal gaps and associated challenges in its interpretation. Additionally, the amount
of data was small and as a result limited in statistical certainty and as such was limited

in its reliability. Though the data was limited, and its collection period variable, the
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Kernal analysis between the two time periods agreed strongly with model results
displaying very little mixing between groupings. In the case of the north Baffin
grouping, this lack of mixing was present within both high and low abundance phases.
North Baffin collared caribou cows displayed no tendency to switch with 100% of all
collars captured within the defined north Baffin annual range, both between the 1987
to 1994 deployment and 2008 to 2011 deployment, remaining within that annual range
(Figure 6). Unfortunately, no other annual or seasonal delineations for Baffin Island
caribou have been reported. Therefore, the kernel analysis of the existing data
provides important information to help better understand potential caribou
subpopulation structure on Baffin Island. Though the data is limited, these preliminary
analyses have provided insights into long-term Baffin Island caribou behavioral
groupings that remain consistent with the March 2024 south Baffin abundance survey

caribou distributions, and observations further adding support to the 2015 findings.

These surveys were successful in documenting a large increase in caribou in the
survey area in all survey strata. Overall estimates were relatively precise compared to
previous surveys which was partially due to the large increase in sample sizes
(Campbell et al. 2015). The observed rate of increase of 25% per year (Cl=22-28%)
is similar to observed rates of increase on introduced island populations of caribou with
minimal hunting and predation pressure (Heard 1990). These increases were largely
driven by increases in the Central Baffin, Meta-Incognita, Hall, and Foxe Peninsula’s
stratums. We also note that there is no direct evidence of collar movement which
would have caused an overestimation between the 2024 and 2025 strata due to double

counting.

Modelling of the survey data was challenged by certain situations where detection rates
were low, and observers were unable to switch. The helicopter data was especially
problematic in that at face value it was suggested that detection probabilities were low.
The removal model does not perform well when detection rates are low and as a result
estimates using the removal model were extremely imprecise and not reliable. To
offset this issue the helicopter strata was modelled separately using distance sampling
only. This may result in a slightly conservative estimate for the helicopter strata,

however, there is no straightforward way to model this data set in its current form. In
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future surveys an independent observer method should be considered for situations
where there is no way for observers to switch places.

Inclusion of data recorder data for 2 weak observer pairs provided one approach to
offset issues with observers that miss a substantial portion of caribou. With double
observer methods it is difficult to model observer probabilities if both observers are
weak since in the end, they both miss many caribou and therefore their estimate of
sightability using the ratio of detections/non-detections will likely be biased high,
leading to negatively biased abundance estimates (Laake and Collier 2024). Always
having a strong observer on each side of the plane and having observers switch is
essential to manage this issue. Inclusion of data recorder observations is essentially
ad-hoc and less likely to provide as reliable an estimate when compared to using strong

pairs of experienced observers.

Sensitivity analyses revealed that using distance sampling with all data recorder
observations (without modelling double observer probabilities) provided estimates that
were within 1-2% of the double observer/distance sampling approach. In this case,
the data recorder observations help meet the assumption of sightability on the line
being perfect while avoiding the complexities and assumptions of the double observer
models. This approach may be viable if there are relatively strong observers and data
recorders who actively search for caribou missed by the observers. We suggest this
approach be used in unison with the double observer method in future surveys as a

possible solution to offsetting these possible biases.

100

{.’351.%
Nunhavul



Reported Baffin Island Caribou Historic
Population Boundaries

— Baffin Island Populations After Ferguson (1992 & 1993)
.and Inlet

JecticBay /,u- Baffin_Glaciers

i
\\. Clyde River

North Baffin. ™,
\\\Northeast Baffin

N,
8
/ \.
'3 .
e, Qi igtarjusc
‘\,\ Y
- T,
4
‘Iglucli \\\
.\‘\
Hall Beach ~,
. \\
\-\ Pangnirtung
Kbosart Y
\\...,,_“
.‘“"--...,“‘
.Pec.;te&ay South Baffln
lgaluit
»
Cape Dorset
&

Kimmirut
[ ]

Ceral Harsour

Figure 44. Caribou population divisions on Baffin Island after Ferguson (1993)

and Ferguson and Gauthier (1992). Divisions based largely on I1Q
and not substantiated with genetic analysis and/or long-term spatial
affiliations based on telemetry (Campbell et al. 2015).
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5.2 Drivers of Observed Trend

The recovery of the Baffin Island caribou population within the 10-to-11-year span
between the March 2014 and March 2024 and 2025 surveys was remarkable and
obvious across most Baffin Island survey strata. The estimated annual rate of change
of 1.25 (CI=1.22-1.28) translates (Table 18) to an annual rate of increase approaching

some of the highest rates of increase recorded for caribou.

5.2.1 Comparison with other studies and underly demography

Annual rates of increase of 25% (Cl=22-28%) observed on Baffin Island, parallels rates
of increase for introduced caribou populations with minimal hunting and predation
pressure. Heard (1990) estimated the intrinsic rate of increase (rm) (which is the slope
of a linear regression of the log of population size and year) for 8 introduced island
populations. The annual rate of change (L), as estimated in this study, can be
calculated as the exponent of the year slope term (r) from the regression analysis of
a heard (Table 22). Based on Heard’s (1990) work, the mean annual rate of change
of caribou (with no predations or hunting) was 1.29% (sd.=0.03, min=1.23%,
max=1.34%, n=8) which is similar to the 1.25% observed on Baffin Island. The
increase in populations for many of the islands considered in Heard (1990) were in the
range of 10 years further suggesting that large increases can span across many years

if habitat and other factors are supporting.
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Table 22.  Rates of increase of island populations of Caribou from Heard (1990).
Annual rate of increase is equal to annual rate of change-1.

years of Intrinsic rate of | Annual rate of change
Population increase | surveys increase (rm) A=¢em
Barff 10 4 0.29 1.34
Brunette Isl. 5 6 0.27 1.31
Belcher Isl. 4 2 0.28 1.32
St George Isl. 6 7 0.26 1.30
Adak Isl. 8 2 0.25 1.28
St Mathew Isl. 13 2 0.25 1.28
Southhampton Isl. 20 3 0.23 1.26
St Paul Island 7 8 0.21 1.23
Mean 0.26 1.29
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The Southampton Island analysis of Heard (1990) applies to the period of 1967 when
48 caribou were introduced in 1967 when Heard (1990) estimated the population at
5,400 caribou by 1987, suggesting an estimated rate of increase of 26%. Campbell et
al (2020), and Campbell and Boulanger (2024), analyzed the period from 1987 to 1997
where the population continued to increase at 18% per year until 1997 when it reached
29,425 after which time it declined sharply to 7,287 caribou by 2011. The rate of
increase for Southampton Island likely decreased as it neared carrying capacity as well
as due to increasing harvest pressure. During the period harvest pressure was
exacerbated by the sale of caribou meat through the internet to Baffin Island
communities that were having difficulties finding caribou on Baffin Island due to the

caribou declines ongoing across the island.

The main assumption for the results of the Heard (1990) findings that we believe
directly applied to Baffin Island caribou, was that post 2014, predation and hunting
mortality was low on Baffin Island, while productivity was high. We speculate that
caribou populations on Baffin Island were reduced to very low levels prior to the 2012
and 2014 survey allowing range conditions to improve which in turn lead to an increase
in the abundance and quality of forage, ultimately translating into higher levels of
productivity.

Heard (1990) also developed and used a population model to estimate maximum rate
of increase of caribou populations. The results of this modelling exercise suggest that
the rates of growth for barren-ground caribou could reach as high as 36% per year if
female caribou pregnancy rates approached 100% starting at the yearling age class,
and adult female survival approached 100% until age 20 when they would reach 100%
mortality. This scenario is not biologically possible over long time periods but does put
a ceiling on rates of increase in the unlikely event that the majority of female caribou
are able to reach these milestones. We would also advise that strata-specific
estimates of increase (Figure 42) were potentially influenced by movement between
strata that occurred over the 10-year period in-between surveys and therefore the best
estimate of trend is for the entire island is one that pools all surveys strata.
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5.2.2 Using a Matrix Model to Determine Rate of Change

A stage-based matrix model based on caribou demographic analyses (Boulanger et al
2011, Boulanger et al 2024, Campbell et al 2025, Caswell 1989, Thomas et al. 2009)
was used to further explore the levels of adult survival, calf survival, and pregnancy
rate needed to achieve observed levels of increase on Baffin Island, and specific to
caribou females (males not included). For this model adult female survival was varied
from 0.8 to 0.96, calf survival from 0.35 to 0.98 with adult female pregnancy set at 0.95.
Yearling survival was assumed to be equal to adult female survival. In addition, it was
assumed 70% of yearlings (22 month old caribou during the fall rut) bred each year
which is often the case with increasing populations (Parker 1981, Thomas and Kiliaan
1998). For example, Parker (1981) found that 43% of yearlings bred for the George
River Herd during a population increase, while Heard (1990) assumed all yearlings
bred. Finally, a sex-ratio of 0.57 favoring females was considered. Also, Thomas and
Killiam found that younger females (ages 1.5-4 years old) produced more females (61-
64 females/50 males). The assumption in this case was that the age structure of a
recovering population would be dominated by younger females. The resulting rate of
change (A) values were then estimated as the dominant eigenvalue of the matrix model
which constitutes the stable annual rate of population change for any combination of
demographic parameters (Caswell 1989). The resulting estimates of annual rate of
change indicate that calf-survival would need to be at least 0.75 and adult female
survival approximately 0.91 or above to create levels of increase of 25% each year
(Figure 45).

It is also possible to estimate calf-cow ratios based on adult female, calf and yearling
survival from the matrix model (Boulanger et al 2011, White and Lubow, 2002). In this

case the spring calf cow ratio is approximated as:

105

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

t/365
CC = —tase
— .t/365 t/365
Sf +O.55y

where F4 is pregnancy rate, Sc is calf survival, St is adult female survival, Sy is yearling
survival and t is the time interval from birth of calves on the calving ground to the March
composition survey (assumed to be 270 days). The corresponding calf-cow ratios for
the parameter range in Figure 43 suggest that calf-cow ratios of at least 0.5 resulted
when population increase was 1.2 (20% increase) or above. The calf-cow ratio varied

with underlying levels of adult female and calf survival (Figure 46).

The main inference from this modelling exercise, similar to those developed by Heard
(1990), is that very high levels of survival and productivity are required to produce rates
of increase observed on Baffin Island. This finding highlights the importance of
continued monitoring of productivity, harvest, and survival as an index of the rate of
increase of caribou populations. Building on this discussion, we propose that the
observed increase documented for Baffin Island caribou between March 2014 and
March 2024/2025, can be attributed to several interacting mechanisms at work
between these respective survey years. However, we suggest the main mechanisms
of recovery were the result of co-management endorsed harvest restrictions, minimal
predation pressure, high productivity, mild winters, limited anthropogenic activities in
sensitive caribou seasonal range, and accessible abundant forage. A likely
contributing factor was the large-scale decline in caribou numbers first evident around
2010. This reduction would have been consistent with the subsequent recovery of
likely overgrazed seasonal range ultimately leading to the development of favorable

range conditions, particularly in terms of forage abundance and quality.
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Figure 45. Results of stage-based model estimates of annual rate of change (1)
under varying levels of adult and calf survival.
indicate levels of stability (A=1) and the observed rate of increase on

Baffin Island (A=1.25).

The dotted lines
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Figure 46. Calf-cow ratios from spring surveys resulting from ranges of adult
female and calf survival simulated in Figure 50.
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5.2.3 Baffin Island Caribou Herd Productivity

Understanding how to use the cow to calf ratio as an index for population trend is
difficult without a Baffin Island specific baseline developed using paired quantitative
composition and abundance survey results through time. Until a baseline is developed
for Baffin Island caribou, we suggest the use of pre-existing baselines developed for
mainland barren-ground caribou. At present, the only, and most similar baseline for
barren-ground caribou has been developed by the Government of the Northwest
Territories (GNWT). These developed calf to cow ratios suggests that a stable to
increasing barren-ground caribou population would display 70-90 calves/100 cows at
calving, 50-70 calves/100 cows during the fall rutting period, and 30-50 calves/100
cows during spring (Adamczewski et al. 2009; Tobey 2001; Gunn et al 2005). For
Baffin Island, given the very low densities of wolves observed during aerial surveys
and equally infrequent observations of wolves reported by Baffin Island hunters, we
suggest that spring cow to calf ratio threshold values developed by the GNWT are
likely much higher than what would apply to Baffin Island caribou. We advance this
conclusion primarily because wolf predation levels on Baffin Island have been and
likely, at least in the short term, continue to be far lower than those suggested for the
Bathurst and Bluenose caribou herds of Nunavut and the NWT, which were used to
develop these thresholds. Additionally, there are no grizzly bears on Baffin Island and
only rare sightings of wolverine on the northwestern extents of Baffin Island just across
from Melville Peninsula. Both these mammals are known predators of mainland

barren-ground caribou.

Given the low relative densities of carnivores reported across Baffin Island over the
past 20 years, we suggest that human harvest, up until 2015, was the main cause of
predation related mortality for Baffin Island caribou. As such, it was likely the main
mechanism suppressing caribou population growth (caribou harvest will be discussed
in the following sections).

Productivity, measured in this report as spring calf to cow ratios, and based on how

these ratios relate to overwinter calf survival, was well into the increasing range (above
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30%) for most years across all of Baffin Island (Figure 45). Spring calf to cow ratios
for north Baffin reached highs of 58% and 63% for spring 2018 and 2021 respectively,
while highs of 57% and 47% were recorded for the south Baffin in spring 2019, and
2021 respectively. Central Baffin Spring calf/cow ratios, though data deficient, also
showed signs of high productivity, reporting 55% in spring 2021 (the 100% listed value
for spring 2017 was based on the observation of a single cow/calf pair). Additionally,
considering a bull only harvest non quota limitation (NQL) put in effect from 2015
through 2018, bull ratios were recorded to have been within a normal range. Bull ratios
exceeded Tobey’s (2001) findings which concluded that the ratio of 40 bulls:100 cows
represents a valid benchmark for the number of bulls required in a population to ensure

all cows are bred successfully (Tobey 2001).

Productivity can be influenced by pregnancy rates as well as age of first breeding, and
sex ratios at birth. Related to this is the underlying age structure of the population.
Populations that have good nutrition may make it possible for proportions of yearling
caribou (18 months at fall rut) to breed therefore increasing productivity. For example,
Parker (1981) found that 43% of yearlings bred for the George River Herd during an
increase. Thomas and Killiam (1998) and Thomas et al (1989) found that younger
females (ages 1.5-4 years old) produced more females (61-64%) at birth. |If
productivity is high, it would be likely that age-structure may shift toward younger
females therefore increasing overall productivity. The increasing trend in calf-cow
ratios (Table 21 and Figure 43) does suggest that productivity was high and increasing
which would support higher pregnancy rates, higher calf survival, and potentially

female-skewed sex ratios at birth.

524 Harvest Management Pre-2015

Since the mid to late 1990s, local hunters across Baffin Island have reported

decreasing caribou numbers, and as of 2013, many hunters reported that they had to
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travel further from their communities to locate caribou (Jenkins et al. 2012; Jenkins and
Goorts 2013, Department of Environment 2013). These observations were also
supported by scientific studies of the time. GN ENV flew a caribou abundance survey
across southern Baffin Island in March/April/May 2012 (Jenkins et al. 2012). Poor
weather extended the survey period well into the spring migratory period, and melting
conditions encountered toward the end of the survey period created difficulties with
caribou sightability; However, Jenkins did report an estimated 1,484 yearling, adult,
and calf caribou across southern Baffin including Prince Charles Island. These results
supported hunter reports of a substantial reduction in South and central Baffin Island
caribou abundance. At the time Jenkins et al. (2012) suggested that the observed and
reported declines may be due to a combination of factors including but not limited to
climate change, resource exploration and development, and extensive and widespread
harvest (Vors and Boyce 2009, Jenkins 2011, Fiesta-Bianchet 2011). At the same
time there was concern that these hypothesized mechanisms of decline were limiting

the chance of recovery for some, if not all, Baffin Island caribou populations/groupings.

The only published documentation of pre-2015 caribou harvest across Baffin Island is
the 2004 Nunavut Wildlife Management Board (NWMB) Nunavut Wildlife Harvest
Study (NWHS) (Priest and Usher 2004). The study utilized community-based door to
door surveys during which community assigned field workers interviewed 67% of
registered hunters within each community, each month. Registered hunters were
randomly selected from each community based on a list generated using statistics
Canada data, Inuit Beneficiary enrollment lists, and General Hunting licence (GHL)
holders. It was the fieldworker’s role to assess the hunter’s harvesting intensity which
categorised hunters into three classes: 1-Intensive, 2-Active, and 3-Occasional. Using
the data collected through this process, wildlife harvest estimates were generated
monthly for each of the Junel996 through May 2001 harvesting years. As not all
communities provided data for the June 1996 to May 1997 harvesting year, we
assessed harvest based on the June 1997 through May 2001 harvesting years for all
Baffin Island communities. Based on harvest study findings, 19,113 caribou were
harvested from south Baffin communities, 9,616 caribou from North Baffin

communities, and 3,099 from central Baffin communities between June 1997 and May
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2001 (Table 23; data from 1996 excluded due to incompleteness). This suggests an
annual harvest across all of Baffin Island of approximately 7,957 caribou of unknown
age and sex between June 1997 and May 2001. Given a well accepted low risk
estimate of sustainable harvest of 5% (Bathurst Caribou Advisory Committee 2021,
Bathurst caribou management plan), a sustainable harvest based on the NWHS
harvest estimates would require a population of approximately 39,785 caribou to be

sustainable.

The earliest Island wide quantitative estimate of Baffin Island caribou abundance was
developed in March 2014, at which time Campbell et al. (2015) estimated 4,645 adult,
yearling, and calf caribou (95% CI=3,667-5,884, CV=12.1%). Within the south Baffin
region, a partial survey of the Island in March/April/May of 2012 found similar low
densities of caribou to those observed in 2014 (Jenkins et al., 2012; Campbell et al.,
2015), while within the north Baffin region, reconnaissance data from a telemetry
program run between 2008 and 2011 suggested similar low densities of caribou to
those observed in 2012 and 2014 (Jenkins and Goorts, 2011). We suggest that based
on this information, it is likely that the subsistence harvest had been above sustainable
levels for several years prior to 2008, suggesting that low numbers of caribou could
have persisted since the late 1990s to early 2000’s as supported by consultation
reports (Jenkins and Goorts 2013; Jenkins et. al. 2012).

If these assessments reflect the Baffin Island demography of the period, we expect
that caribou seasonal range would have had a chance to recover over the approximate
20-year period between the first reports of declining caribou on or about 1995, and the
initiation of harvest restrictions in 2015. We suggest that the Baffin Island caribou
population would have started to increase in abundance far sooner, were it not for a
subsistence harvest which was suspected to have been above sustainable harvest
levels over that same period. This condition of a suspected harvest related
suppression of caribou population growth, could have allowed caribou seasonal range
and forage to have made a more complete recovery from previous population highs, a
condition that could express itself in the form of high rates of productivity and growth

within the remaining low densities of caribou across the Island. Additionally, hunter
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reports and survey findings all suggest low densities of wolves across the Island further

benefiting calf survival and downstream productivity and growth.

5.2.5 Harvest Management Post-2015

Following the March 2014 whole Baffin Island abundance estimate, significant caribou
declines across Baffin Island were confirmed quantitatively. Immediately following the
release of the 2014 Baffin Island caribou survey report and results on November 1%,
2015, the Government of Nunavut Department of Environment (GN ENV) initiated a
moratorium on caribou harvesting across Baffin Island through a ministerial
management initiative. This prompted the fast tracking of the Nunavut Wildlife
Management Boards (NWMB) assessment process including the establishment of
harvest management actions through their GN ENV, Regional Wildlife Organization
(RWO), and Hunters and Trappers Organization (HTO) inclusive co-management
process. By August 2015, the NWMB, through multiple meetings and discussions with
the GN ENV, Qikigtaaluk Wildlife Board (QWB), Nunavut Tunngavik Incorporated
(NTI), and the community HTOs of Arctic Bay, Pond Inlet, Igloolik, Sanirajak, Clyde
River, Qikigtarjuaq, Pangnirtung, Igaluit, Kinngait, and Kimmirut, agreed to a whole
Island Total Allowable Harvest (TAH) of 250 caribou, and the establishment of a Non-
Quota Limitation (NQL) of a male only harvest (Table 23).

The TAH and associated NQL restricting female harvest remained in effect from
August 27™, 2015, to September 18", 2019, at which time they were re-assessed
based on both scientific and IQ evidence of increased caribou abundance in some
areas across Baffin Island. This new information primarily included evidence of high
indices of productivity derived from semi-annual GN ENV fall and spring composition
studies coupled with harvester reports and 1Q, suggesting recovery of the Baffin Island

caribou population in some areas.

The NWMB re-assessment first reviewed in June 2019, acknowledged the positive
signs of recovery submitted by the GN ENV and the QWB, and by September 19™,
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2019, rendered a decision to allow for the modification of the NQL to include up to 25
females within the 250 caribou TAH. As early signs of recovery continued to be
reported by all Baffin Island stakeholders, NWMB and their co-management partners
re-convened on June 16, 2022, to re-examine all Baffin Island Caribou TAH's and
NQL’s. Based on submissions by the GN ENV and QWB, the NWMB, on July 5",
2022, rendered a decision to increase the TAH of Baffin Island caribou from 250 to 350
caribou for the 2022/2023 harvest season. This decision also allowed for an annual
increase of the TAH by 50 caribou in the 2023/2024 harvest season, and each year
following for the next 8 years or until additional information on the herd suggested
otherwise. Additionally, the NWMB allowed for a modification to the NQL allowing for
an increase of the female proportion of the TAH from 25 to 75 for the 2022/23 harvest
season, with further allowance for an annual increase to the proportion of female
caribou within the assigned TAH to 20% in the 2023/2024 harvest season and each
year after that for the next 8 years or until new information on the herd suggests
otherwise. As of November 1%, 2025, the current TAH stands at 500 caribou 100 of
which could be female (Table 24 and 25).

The dramatic lowering of the caribou harvest across Baffin Island by the NWMB and
approved by the GN Minister of Environment, we believe, set the stage for the dramatic
recovery of the Baffin Island barren-ground caribou population. Total harvest dropped
from an annual high of 7,957 caribou including females in the late 1990's and early
2000’s, to 0 caribou by August 2015, then to a 250 per year male-only harvest for 7
years, for a total of 1,750 legally harvested caribou since 2015. This level of harvest
shows a 97% reduction over the subsistence harvest estimated just 13 years prior. Of
equal importance was the extremely low female harvest over the same period. During

this same 7-year period only 25 females were legally harvested.

Though TAH’s increased as did female proportions of the harvest beginning in 2022,
it remained well below pre-TAH harvest estimates as did the female proportions of the
annual harvest. In all, substantial reductions in the estimated harvest of caribou and
the proportion of females harvested lasted just over 10 years, extending from October

2015 to present. We suggest that this dramatic reduction in overall harvest as well as
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the reduction in the female proportion of that harvest, was the main mechanism of the
observed recovery documented within the 2024 and 2025 Baffin Island survey
estimates. High productivity was key to the strong recovery as well and was likely the
result of an extended period of harvest induced low caribou abundance, and the
resultant recovery of preferred herbaceous vegetation used as forage by caribou

throughout their annual cycle and across all seasonal range.
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Table 23. Pre-2014 estimates of Baffin

Island caribou harvest for all
communities. Data summarized from the NWMB Nunavut Wildlife
Harvest Study (2004).

Harvest Year Eemale _
TAH 5 y Estimated Reported
. roportion
(July 1-June P Harvest Harvest
30) of TAH
1997/1998 Unlimited ? 8,669 Unreported
1998/1999 Unlimited ? 8,479 Unreported
1999/2000 Unlimited ? 6,578 Unreported
2000/2001 Unlimited ? 6,739 Unreported
Baffin Totals | Unlimited ? 30,465 Unreported

Table 24.

Post-2014 Caribou harvest data for all Baffin Island by harvest year.

Not all illegal harvest could be accurately quantified. Actual harvest
may have exceeded indicated harvest rates due to illegal harvest.

T 3 9 =
3 = o g
: I % ® Io % 2
g 527 2
- 2 = <
2015-2016 | 250 183 0 67
2016-2017 | 250 229 0 21
2017-2018 | 250 233 0 17
2018-2019 | 250 236 0 14
2019-2020 | 250 247 25
2020-2021 | 250 247 25 3
2021-2022 | 250 245 25 5
2022-2023 | 350 352 75 -2
2023-2024 | 400 421 80 -21
2024-2025 | 450 422 90 0
Totals 2,950 2,815 320 107
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Table 25.  Post-2014 caribou harvest data by community and harvest year (not all illegal harvest could be accurately
guantified. Actual harvest may have exceeded indicated harvest rates).

2015-2016 | 2016-2017 | 2017-2018 | 2018-2019 | 2019-2020 | 2020-2021 | 2021-2022 | 2022-2023 | 2023-2024 | 2024-2025
TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST
ARCTIC BAY 30| 9 (25|12 |2 |17 |20 | 20 | 19 | 19 | 19 | 19 | 19 | 13 | 26 | 23 | 30 | 30 | 34 | 34

COMMUNITY

CLYDE RIVER 30 | 25130 | 30 |32 | 30|32 (30|31 |29 |31 |29 |31 |31 |37 |26 | 41 | 41 | 43 | 43

IGLOOLIK 10 0 10 7 12 | 11 | 12 | 10 | 10 | 13 | 10 | 13 | 10 | 12 | 25 | 41 | 31 | 23 | 40 | 34

IQALUIT 30 | 30 | 35 | 41 | 41 | 40 | 41 | 41 | 43 | 43 | 43 | 43 | 43 | 45 | 64 | 64 | 74 | 119 | 53 | 67
KIMMIRUT 30 | 30 | 31 | 31 | 33 |33 |33 |33 |35 |35 |35 |35 |35 |35 |42 |4 |45 |45 | 5 | 48
KINNGAIT 30 | 13 | 25 | 18 | 20 | 19 | 20 | 19 | 20 | 21 | 20 | 21 | 20 | 21 | 38 | 37 | 43 | 38 | 52 | 52

PANGNIRTUNG 30 (22 | 31 |31 |33 |33 |33 |35 |3 |35 |35 |35 |35 |36 |4 |4 | 5 | 5| 58 | 58

POND INLET 30 | 30 | 32 | 33 | 34 | 33 |34 | 24|34 |36 |34 |3 |34 | 41|46 | 49 |52 |58 | 46 | 46

QIKIQTARIUAQ 30 | 24 | 31 | 26 |25 |17 | 25 | 24 | 23 |16 | 23 | 16 | 19 9 17 | 15 | 20 | 10 | 30 | 24

SANIRAJAK 0 0 0 0 0 0 0 0 0 0 0 0 4 2 8 8 11 4 16 | 16

BAFFIN TAH 250 | 183 | 250 | 229 | 250 | 233 | 250 | 236 | 250 | 247 | 250 | 247 | 250 | 245 | 350 | 352 | 400 | 421 | 450* | 450*

* = The full legal TAH allocation for Baffin Island was not distributed by the QWB during this harvesting season.
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6.0 CONCLUSIONS

The Baffin Island 2024/2025 abundance survey documents a successful implementation
of the Nunavut co-management caribou harvest management system. The data presented
in this report suggests the north, central, and south Baffin caribou groups or herds, may
have had a prolonged declining phase due to the proportionally high rates of harvest that
continued following the onset of a declining phase. Based on anecdotal observations and
numerous community consultations undertaken across Baffin Island over this period, this
likely began in the early 2000’s. Additionally, low densities of predators (particularly the
wolf), and the absence of mainland predators (e.g. wolverine and grizzly bear), suggest
that predation had little effect on the demographic trends of Baffin Island caribou over this
same period. Similarly, prolonged periods of adverse weather or evidence of sustained
reproductive disease were not apparent from the early 2000’s to present and as a result

could not directly account for the prolonged period of low caribou abundance in our opinion.

Following the 2015 activation of harvest management restrictions, ongoing monitoring
studies showed a gradual movement of caribou back into previously well-known caribou
habitat, with the concurrent effect of documented increases in relative densities
documented using 1Q and productivity-based classification studies. Beginning in 2015, the
Baffin Island caribou harvest was dramatically reduced from an estimated 7,616 caribou
annually to 250 caribou annually with an accompanying bull only NQL, clearly paving the

way to the dramatic increases seen in the most recent population assessment.

We hypothesize that the prolonged low numbers of caribou across the Island allowed for
previously overgrazed range to strongly recover, offering nutritious and abundant forage
to Baffin Island caribou now provided substantial relief from extensive harvesting activity.

Additionally, density dependant disease would have been substantially reduced as relative
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densities of caribou across the Island continued to decline and remained low well into the
post-2015 recovery period.

We suggest the results presented in this report highlight a success story brought about by
the working together of Baffin Island community HTO’s, the QWB, and the Government of
Nunavut, all under the umbrella of the NWMB and their primary role as the main instrument
of wildlife management. We suggest that next steps should acknowledge and utilize the
success of the Baffin Island caribou management structure as we move forward. Based
on the March 2014 Baffin Island survey estimate (including Prince Charles Island) of 4,652,
the NWMB, in discussions with the GN ENV, Baffin HTOs, and the QWB, assessed a TAH
and NQL of a 250 caribou male only harvest as being consistent with the recovery of the
Baffin Island caribou population. This assigned TAH represented a 5% harvest rate based
on the 2014 estimate, proving successful in fostering the strong observed recovery over
the 7 years it was in effect. The NQL applied would have also contributed to the strong
recovery of the herds. During the first 4 years female harvest was restricted and for the
next 3 years only increased to 25 out of the TAH of 250, thus strongly protecting the
reproductive potential of the population through the protection of breeding females.
Though management decisions made to address the Baffin Island caribou declines were
reflective of multifaceted approaches and recommendations expressed by Nunavut
stakeholders and management authorities, there is published literature supporting this
management approach from studies conducted on mainland barren-ground caribou herds

(Boulanger and Adamczewski 2016).

One of the major challenges of monitoring the Baffin Island populations is the high expense
of population surveys to provide trends in the abundance of caribou. Because these
surveys are expensive and logistically demanding, they are often carried out infrequently,
which can result in data gaps. This hampers our ability to detect changes in population
dynamics in a timely manner. One means of addressing this is the use of Integrated
Population models (IPM) (Schaub and Kery 2022), which have been successfully applied
to the Beverly (Campbell et al 2025), Bathurst, and Bluenose-East (Boulanger et al 2024)

herds.
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IPMs can combine estimates of abundance, productivity (calf-cow ratios), collar survival
(through the establishment of telemetry programs), and harvest monitoring, to estimate
demographic trends. IPMs use an underlying population model (similar to that described
in Figure 45) to reconcile trends suggested from each data source. It can therefore be
used to predict trends based on levels of productivity and harvest. While collar-based
survival is not necessarily a requirement of IPMs, this information can add additional
confidence in model results and reliability. In the absence of collared-based survival data,
an IPM can still be used to help determine what level of survival is required to maintain the
observed trend in survey results given observed levels of productivity (calf-cow ratios) and
harvest. This approach would certainly become viable if calf-cow ratio surveys were
conducted in a systematic way both temporally and spatially across Baffin Island. Ideally,
collar data could be tracked consistently to assess survival rates, aid in locating and
studying overwinter calf survival in a way representative of Island subpopulations or
groupings, identify caribou groupings and movements to improve on methods and
precision of demographic monitoring studies such as abundance surveys, and delineate
seasonal range and migratory corridors and behaviour and any long-term changes to the

same.
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7.0 RECOMMENDATIONS

Disclaimer:

The recommendations section represents the opinions and recommendations of the Government of
Nunavut, Department of Environment, Wildlife Research Division Staff, and do not necessarily reflect the

opinions of the Government of Nunavut as a whole or all the authors contributing to this report.

Based on the findings of this report, we recommend a continuation of the harvest
management regime set out by the NWMB. We suggest a harvest rate of 5% continue to
be applied, which would suggest an island wide TAH of 2,334 caribou (based on the
2024/25 abundance estimate), with the maintenance of the NQL allowing 467 (20%) of the
TAH to be females. We also recommend a NQL restricting the harvest of cow/calf pairs.
We further recommend that this TAH and associated NQL, remain in place under the same
harvesting regime most recently updated by the NWMB in 2022 (allowing for the TAH to
increase by 50 caribou annually, of which 20% can be females without calves in tow), for
a period of 5 to 7 years, or until new information suggests a re-assessment of these
management actions. We further recommend that spring composition studies continue
every 2 years to monitor herd productivity and indices of general abundance and trends.
Finally, we recommend that a telemetry program be maintained within each of the north,

central, and south Baffin caribou ranges to:

1- develop a better understanding of Baffin caribou critical seasonal range.

2- assess, predict, and mitigate (to the extent possible), any conflicts, disturbance
effects, or herd-level impacts caused by industrial development and associated

infrastructure on or impacting caribou seasonal range.

121

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

3- provide more detailed critical caribou range maps to better inform the Nunavut
Land Use Planning process.

4- better understand north, central, and south Baffin caribou migratory corridors to
help ensure these areas are not compromised by linear infrastructure of other land

use related impacts.

5- further monitor caribou mortality for associated assessments of herd health and
vulnerability primarily through the estimation of adult female survival rates through

the tracking of collar data.

6- help locate caribou for more precise and cost-effective monitoring work including
but not limited to systematic spring composition surveys to monitor herd productivity
by region, regional abundance and reconnaissance surveys, and ecological land

classification studies of caribou seasonal range.

At the end of this 5-7-year period, we further recommend that a re-assessment (either
through abundance or reconnaissance aerial surveys) of the Baffin Island caribou
population be considered, to provide more quantitative information with which to re-assess
the existing TAH and associated NQLs. If implemented, these recommendations will help
detect and address any negative impacts to Baffin Island caribou demographics arising
from anthropogenic causes. We believe these measures will help safeguard Inuit

subsistence harvesting rights, as guaranteed within the Nunavut Agreement.
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ABSTRACT

In this report, we present an update to the 2014 abundance estimate and trend of Baffin
Island Caribou. We conducted aerial surveys to estimate the abundance of barren-
ground caribou on Baffin Island and ancillary islands over two years (2024, 2025),
using double-observer pair and distance sampling methods. Both surveys were
enhanced through the guidance of local knowledge and inclusion of Inuit
Qaujimajatugangit (IQ) from communities that hunt Baffin Island caribou.

In March 2024 and March 2025, we assessed South Baffin, and North and Central
Baffin caribou abundance respectively. In March 2024, we observed 3,843 individuals
on-transect across all South Baffin strata. In March 2025, we observed 3,656 caribou
on-transect across North and Central Baffin strata. In total (across both years and all
strata), we observed 7,635 caribou. We used double-observer pair and distance
sampling analytical models to develop abundance estimates for all strata across both
years and for the entire Baffin Island complex. We estimated 24,162 (95% Cl = 21,595-
27,034; CV =5.7%) adults, calves, and yearling caribou within South Baffin strata in
March 2024 and 25,026 (95% Cl = 21,182-29,568; CV =8.5%) adults, calves, and
yearlings within North and Central Baffin strata in March 2025. Combined, the March
2024 and 2025 surveys produced an estimated total of 48,681 (95% CIl = 43,973-
53,893; CV =5.2%) adult, yearling, and calf caribou. Our findings confirm a statistically
significant increase from the March 2014 whole-island survey, which estimated 4,645
adult, yearling, and calf caribou (95% CI=3,667-5,884, CV=12.1%).

We conducted trend analyses using matched strata between 2012, 2014, and
2024/2025. These analyses suggest increasing trends in all regions with annual

increases of 15% to 36% except for Prince Charles Island, where abundance declined
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annually at a rate of 3% (Cl=-8% to 2%)). We calculated estimates of gross change
and annual change the results of which indicate that the Baffin Island caribou
population increased by a factor of 10.5 between March 2014 and 2024/2025,
corresponding to an average annual growth rate of 25% (Cl=22-28%). The observed
change between March 2014 and 2024 was highly significant (t-Test =17.1; p-value
<0.001). The observed annual rate of increase of 25% parallels rates of increase
observed on island populations with minimal predation, high productivity, and minimal
harvest pressure. Our results highlight the success of research and management

actions led by co-managers in safeguarding Baffin caribou.

Research monitoring using fall and spring composition studies tracked relative density
and overall productivity of Baffin Island caribou following the March 2014 Island wide
abundance estimate, and initiation of management actions in 2014/2015 aimed at
recovering Baffin Island caribou. Measures such as the implementation of Total
Allowable Harvests (TAH) and Non-quota Limitations (NQLs), introduced in response
to critically low numbers and steered by |IQ and demographic monitoring studies, have
played a pivotal role in reversing the long-term decline in abundance. These findings
demonstrate how collaborative, evidence-based management can restore resilience to

a population once in jeopardy.

Key words: Caribou, Barren-Ground Caribou, Baffin Island, Melville Peninsula, North
Baffin Island, South Baffin Island, Aerial Survey, Ground Survey, Late Winter, Visual
Survey, Baffin Region, Double Observer Pair Method, Distribution, Movements,
Seasonal Range Use, Distance Sampling, Spatial Affiliations, Population Structure,
Nunavut, Rangifer tarandus groenlandicus, Population Survey, Caribou Late Winter

Distribution.
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1.0 INTRODUCTION

The following report reassesses demographic estimates and trends in caribou
abundance across Baffin Island by comparing strataflown in March 2014 (all of Baffin
Island), March 2024 (South Baffin Island), and March 2025 (North and Central Baffin
Island) (Figure 1). It provides estimates of herd size and region-specific densities,
documenting changes since the 2014 island-wide survey and subsequent 2024 and
2025 abundance surveys. The report presents updated abundance estimates to
support ongoing management discussions between the Government of Nunavut,

Department of Environment (GN ENV), co-management partners, and stakeholders.

Caribou are circumpolar in their distribution and occur in the northern parts of Eurasia
and North America. In Canada, caribou are represented by four subspecies: Peary
(R. t. pearyi), Woodland (R. t. caribou), Grant’s (R. t. granti), and Barren-ground (R.
t. groenlandicus). Of the four subspecies, barren-ground caribou are the most
abundant and can be further divided into two ecotypes: the taiga wintering migratory
and the tundra wintering ecotypes (Nagy et al. 2011). Baffin Island barren-ground
caribou are classified as a tundra wintering ecotype, generally occurring in smaller
aggregations, exhibit limited migratory behaviour, and are confined to tundra
environments. Baffin Island caribou movement behaviour is not fully understood;
however, limited scientific knowledge and |Q suggest that known seasonal
movements or migratory behaviour, differ amongst three generally accepted Baffin
Island caribou groupings or sub-populations. Currently, the GN ENV, recognizes
three (3) caribou sub-populations across Baffin Island (see Figure 6; 5.1 Baffin Island
Populations/Subpopulations). These populations include the South, North, and

Central Baffin Island sub-populations (Campbell et al. 2015).

Historical caribou abundance assessments on Baffin Island caribou have suggested
that more than 100,000 caribou likely inhabited Baffin Island in 1985 (Wiliams and
9
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Heard 1986). This status was updated in 1991 at which time it was believed that the
caribou sub-populations across Baffin Island were stable, with 60,000 -180,000 in
South Baffin, greater than 10,000 in Central Baffin, and between 50,000-150,000 in
North Baffin (Ferguson and Gauthier 1992). These earlier estimates, however, were
not based on whole Island quantitative demographic studies, but rather estimations
based on more geographically restricted scientific observations and 1Q, including
various smaller scale quantitative aerial observations, and limited movement data
made up of; 1- extensive tagging programs and 2- limited telemetry studies from the
early 1990s and early 2000’s (Ferguson 1988).

During the mid to late 1990s, local hunters across Baffin Island reported decreasing
caribou numbers, with hunters having to travel further from their communities to
locate caribou (Jenkins et al. 2012; Jenkins and Goorts 2013, Department of
Environment 2013). These observations appeared to have continued up to the 2014
whole Island abundance survey estimate. During this period Baffin Island caribou
harvesters continued to confirm general declines in caribou abundance Island wide
(Jenkins and Goorts 2013, Department of Environment 2013). These concerning
observations, quantitatively confirmed following the 2014 abundance survey, lead to
the engagement of all stakeholders in the development of management and research

actions with an eye to reversing the confirmed declining trend.
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2.0 STUDY AREA

The Baffin Island complex, which includes all of Baffin Island and proximal islands
(including Prince Charles Island), covers an estimated 543,746 square kilometres
(excluding the areas of glaciers and ice fields). The Baffin Island complex exhibits
variable relief, ranging from expansive lowlands near sea level (e.g., the great plain of
the Koukdjuak east of Nettiling Lake, and Prince Charles Island), to the mountains of
the North and South Baffin reaching elevations of 1,963 meters and 2,147 meters
above sea level, respectively. The northeastern fifth of Baffin Island is within the Arctic
Cordillera ecozone, while the remainder of the Baffin Island complex is wholly within
the northern arctic ecozone (Figure 2). For detailed information on these ecozones
and associated ecoregions (Figure 3), see (Campbell et al. 2015). Generalized
indications of plant community productivity suggest that much of Baffin Island may not
be suitable as caribou range suggesting more restrictive and predictable seasonal
occupation of geographically specific areas by caribou (Figure 4) (Environment
Canada 2001).
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3.0 METHODS

3.1 Abundance Survey Methods

The March 2024 abundance survey, which focused on South Baffin Island (see 4.1
Sampling Summary and Data Segregation), used two DeHavilland Twin Otter fixed
wing aircraft and one Eurocopter B-2 helicopter and was based out of the communities
of lqaluit, Pangnirtung, and Kinngait. The March 2025 abundance survey, which
focused on Central and North Baffin Island including Prince Charles Island (see 4.1
Sampling Summary and Data Segregation), also used two DeHavilland Twin Otter
fixed wing aircraft and one Eurocopter B-2 helicopter and was based out of the
communities of Igaluit, Pangnirtung, Qikigtarjuaq, Clyde River, and Igloolik, in addition

to the Mary River Mine Site.

These abundance surveys used the same methods and similar strata (see 4.1
Sampling Summary and Data Segregation) used in the 2014 islandwide survey
(Campbell et al. 2015; however, see discussion on helicopters, e.g., 4.2 Double
Observer and Distance Analysis). These methods are commonly and successfully
used for barren-ground caribou surveys throughout Nunavut (Campbell et al. 2015,
2019, and 2022).

For the fixed wing portion of the surveys, we used a combined distance sampling and
cooperative double observer pair mark-recapture approach. The double-observer pair
configuration was used within all fixed wing aircraft to maximize sightability out of each
of the left and right side of the aircraft, by adding one additional observer to each side
(Campbell et al. 2012, 2015, and 2019). Additionally, the double observer pair
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configuration allowed each aircraft to maintain a minimum of two experienced wildlife
observers on each of the left and right side of the aircraft throughout the survey, while
providing training opportunities, when required, for community-based representatives

within the remaining seats.

For the helicopter portion of these surveys, we used a modified approach whereby the
pilot and data recorder served as observers that would remain in the same seats
throughout the survey making this application of the double-observer component of the
helicopter survey less robust than that of the fixed-wing. The helicopter survey, as
detailed further later in this report, utilized a different observer platform and flight
pattern, which involved flying to and way-pointing each observation rather than using
wing strut bins to estimate distance as used on the fixed wing aircraft. As a result, it
was useful to consider areas flown by helicopter as a distinct stratum to allow added
modelling flexibility as well as evaluation of the effect of the different observer platform

on survey estimates and associated precision.

Distance Sampling

The distance sampling component of the methods estimates the sightability of caribou
groups in various distance bins. This is necessary to correct for declining detection
probability with increasing distance from the survey plane. To accomplish this, we
placed markers on the struts of the survey planes calculated using the formula from
Norton-Griffiths (1978). These markers correspond with the following distance bins: 1)
0—200 meters, 2) 200400 meters, 3) 400600 meters, 4) 600-1,000 meters, and 5)
1,000-1,500 meters (Norton-Griffiths 1978).

Double Observer Pair

The dependent double observer pair component of the methods estimates the
sightability of caribou groups between same side observers. This is necessary to
reduce bias by accounting for animals missed by a single observer and provides more

reliable abundance estimates. To accomplish this, we used two “primary” or “front”
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observers sitting in the left and right seats of the aircraft adjacent to the wing struts,
and two “secondary” or “rear” observers sitting on the left and right side of the aircraft
right behind the primary observers (Figure 5). The dependent double observer pair

method adhered to five basic assumptions or steps.

1 - The primary observer called out all groups of caribou (number of caribou and
wing-strut bin number) he/she saw within the 1- 0-200 meter, 2- 200-400 meter, 3-
400-600 meter, 4- 600-1000 meter, and 5- 1000—1500-meter wing-strut bins before
they passed halfway between the primary and secondary observer (approximately
at the wing strut). 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
(Figure 5). The main requirement was that the primary observer be given time to

call out all caribou seen before the secondary observer called them out.

2 - The secondary observer called out whether he/she saw the caribou that the
primary observer saw, and observations of any additional caribou groups. The
secondary observer also waited to call out caribou until the group observed passed
halfway between observers (between 3 and 6 o’clock for right side observers and

6 and 9 o'clock for left side observers).

3 - The observers discussed any differences in group counts to ensure that they
are calling out the same groups or different groups and to ensure accurate counts
of larger groups.

4 - The data recorder categorized and recorded counts of caribou groups into

“primary only”, “secondary only”, and “both”, entered as separate records.

5 - The same side observers switched places approximately halfway through each
survey day (i.e. during refueling stops) to monitor observer position-based ability.
The recorders noted the names of the primary and secondary observers and their

side (left or right) and recorded group size and any assigned covariates.
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In some cases, both same side observers missed a group of caribou, but the group
was seen by the data recorder. It is expected that observer pairs may miss some
caribou and naive inclusion of data recorder observations could cause bias in
estimates. However, in some cases a substantial number of caribou groups were
missed by same side observer pairs indicating that they were weak observers. The
concern in this case is that a substantial number of caribou would have 0 detection
probabilities solely due to poor observer performance (in comparison to other
observers). However, in this situation the dependent observer approach would not
provide a valid estimate of the reduced detection probabilities. To address this concern
graphical approaches were used to identify weak observer pairs, and in extreme cases,
the weak observers were pooled as a single observer with the second observer being
the data recorder. A covariate was used to model this modification of observer pairing.
A sensitivity analysis was conducted to determine the effect of inclusion of data

recorder observations.

Group size, topography, speed, snow cover, and cloud cover were also considered as
covariates as with other surveys. Aircraft type was also considered. For the 2014
Baffin Island survey, 3 Cessna grand caravan fixed-wing aircraft and one Eurocopter
B-2 helicopter were used, while during both the 2024 and 2025 Baffin Island surveys,
2 DeHavilland twin Otter fixed wing aircraft, and one Eurocopter B-2 helicopter were

used.

Data Recorded

We used “groups of caribou”, as opposed to individual caribou, as the sample unit for
the survey. 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. In general, groups of caribou over an estimated
250 meters apart were considered independent groups. For each group of caribou
recorded, additional covariates were recorded that can influence the sightability of

caribou (Table 1). Due to heterogeneity variation in detection probabilities, it has been
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found that using just a mark-recapture approach overestimates sightability as distance
from the survey plane increases, however, this approach was useful for estimation of
sighting probability near the plane. This approach ensured a more robust estimate
than using distance sampling methods alone which assume that the probability of
detection of caribou groups at 0 distance from the plane is 1 (Borchers et al. 1998,
Buckland et al. 2004, Laake et al. 2008a, Laake et al. 2008b, Buckland et al. 2010,
Laake et al. 2012).

General Analytical Approach

Initially, we analyzed 2024 and 2025 data separately. For both years, we followed
these general steps to conduct our analysis. First, we conducted exploratory analyses
to assess detection performance in the double observer framework. This allowed us
to identify weak or non-switching observer pairs that could bias the accuracy of
estimates (4.2.1 Double Observer and Distance Analysis (2024), Double Observer
Summary; 4.2.2 Double Observer and Distance Analysis (2025), Double Observer
Summary). Second, we conducted exploratory analyses to assess detection patterns
across the distance sampling framework and the impact of various covariates (see
Table 1; 4.2.1 Double Observer and Distance Analysis (2024), Distance Sampling
Summary; 4.2.2 Double Observer and Distance Analysis (2025), Distance Sampling
Summary). This was done to identify and account for any covariates that could
influence the detection probabilities and thereby impact the accuracy of estimates.
Covariates were also used to describe and model factors influencing the sightability of
caribou (Table 1). These included observer pair given that the sample unit for
dependent methods is pairs of observers as opposed to single observers. If observers

were not paired, then they were pooled into a single multi-observer group.

After the exploratory analyses, we created double observer pair mark-recapture and
distance sampling models for each year (4.2. 1 Double Observer and Distance Analysis
(2024), Model Selection Fixed Wing, Helicopter Model Selection; 4.2.2 Double
Observer and Distance Analysis (2025), Model Selection Fixed Wing, Helicopter Model
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Selection). We first built distance sampling models with the mark-recapture model
parameters that held constant, and then vice versa for the double observer models.
We then built a composite model using the most supported covariates from each of the
component analyses. Estimates for strata were derived based on transect lengths and
strata areas for the best fitting detection model. Estimates of variance were derived

using estimators for a systematic sampling layout (Fewster 2011).

We evaluated the fit of these models using the Akaike Information Criterion corrected
for small sample size (AlCc). The model with the lowest AIC. score was considered
the most parsimonious (simplest), thus minimizing estimate bias and optimizing
precision (Burnham and Anderson 1998). The difference in AlIC. values between the
most supported model and other models (AAIC:) was also used to evaluate the fit of
models when their AIC. scores were close. In general, any models with a AAIC. score
of less than 2 between them were considered to have equivalent statistical support.
Overall model fit was also assessed using goodness of fit tests (Buckland et al. 1993,
Buckland et al. 2004) as well as graphical comparison of detection functions with

histograms of frequencies of observations from the surveys.

We then conducted sensitivity analyses for each year to assess how estimates were
affected by analysis methods and model assumptions (4.3 Analysis of 2024 & 2025
Models and Data). We derived estimates using the Jolly strip-transect estimator (Jolly
1969, Krebs 1998) with the survey strip defined at 400 meters from the plane. This
approach, which allows inclusion of all survey data (i.e. data recorder, etc) but assumes
sightability, was equal to 1 in the 0—400-meter strip, provided a useful comparison with
distance sampling estimates. In addition, distance sampling only, and double observer

only (no distance sampling) within the 0—400-meter strip were considered.

Next, we derived estimates for both years (4.4 Estimates). In both years, abundance
estimates were derived from the most supported MRDS model for both the fixed-wing
strata and the helicopter strata (4.4.1 March 2024 South Baffin Survey; 4.4.2 March
2025 Central and North Baffin Survey). We then combined the 2024 and 2025 survey
year estimates into a single islandwide estimate through re-analysis of the 2024 data

set so that strata had zero (0) overlap with 2025 strata (as detailed later in the report).
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The full island 2024-2025 combined estimate was then compared with the 2014 full
island estimate (Campbell et al. 2015).

Finally, we undertook analyses to compare trends in applicable sub-regions (Foxe
Peninsula, Meta-Incognita Peninsula, Hall Peninsula, Central Baffin, and Prince
Charles Island were also compared; 4.5 Trend Analysis). Estimates were initially
compared to the 2012 and 2014 estimates using a t-test to determine if the two
estimates were significantly different (Gasaway et al. 1986). Confidence limits on
yearly change were estimated assuming log-normal distributions of abundance

estimates using a Monte Carlo simulation approach (Manly 1997).

We conducted our analyses in R (R Development Core Team 2009) using the following
R packages: ggplot (Wickham 2009), MRDS R package (Laake et al.), AICmodavg
(Mazerolle 2016), lubridate (Grolemund and Wickham 2011), and ddply (Wickham
2011). For GIS analyses, we used the R package sf (simple features) (Pebesma 2018)
in addition to the software QGIS (QGIS Foundation 2020). The MRDS R package
(Laake et al. 2012) was used to build double observer pair mark-recapture and

distance sampling models.

22

L.
Nt



v

Counting Strip (Wheel to Streamers on Wing Strut)

Y

Primary (front) Counts

Primary (front) Observers

Ssl:::

A 1

{ | o | :
(1 ‘ | |

| bo U |
~ SH
e

::::‘tetorders

Secondary (rear) Counts

Secondary (rear) Observers Q

It

]

Figure 5 Observer position for double observer methods. The secondary (Rear) observer calls caribou
not seen by the primary (Front) observer after the caribou has passed the main field of vision of
the primary observer. Time on a clock is used to reference relative locations of caribou groups
(e.g. “Caribou group at 1 o’clock”).

Department of Environment

Campbell et al., 2025

23



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

Table 1. The main co-variates (speed and topography were not used) used to
model variation in sightability for dependent double observer pair analysis.

Covariate Acronym Description
Aircraft type AirType Helicopter vs fixed wing
each unique observer
obs :
pair
Observer pair Whether a pair
Paired switched places during
survey
Pairs who were
Data recorder observations weakobs assisted by the data
recorder
size size of caribou group
. observed
Group size
. Natural log of group
Log(size) .
size
snow cover
Snow cover snowf (0,25,75,100)
snow continuous
cloud cover
Cloud cover cloudf (0,25,75,100)
cloud continuous
Snow patchiness SnowPatch Contmm;z:lseordlnal
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3.2 Composition Studies

Since the 2014 survey, the GN ENV has conducted intermittent fall and/or spring aerial
composition surveys from October and March 2015 to 2021 to monitor productivity and
geographically specific relative densities of caribou across Baffin Island (Ringrose

2018, 2019, and 2021). The objectives of this monitoring program were to:

1) Estimate the overall composition of the subpopulations including the north Baffin
grouping, south Baffin grouping, and central Baffin grouping (Figure 6); i.e., what

proportion of the population are bulls, cows, yearlings, and calves.

2) Estimate the trajectory of abundance of the three main groupings of the Baffin
Island caribou population, based on demographic composition as it relates most
specifically to overwinter calf survival (March/April) and overall productivity
(October; measured as calves per 100 cows) to develop an index of population

trend.

3) Monitor the proportion of bulls in the population to ensure that predominantly bull
harvests do not reduce their numbers to a level that could compromise breeding

(rutting) success.

4) Build a database with which to estimate the current population trend through
demographic modeling, utilizing all demographic composition data to project a trend

from the 2014 population estimate.

5) Provide information geographically specific to relative abundance as it relates to
ease of finding caribou and overall numbers of caribou observed, and to use this

information for discussions of TAH and NQL appropriateness.

Surveys were conducted using a Eurocopter AS350 B2 helicopter, and a survey crew

consisting of a biologist, wildlife technician, an observer, and a pilot. Study areas were
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selected based on previous aerial surveys and telemetry program observations as well
as information gathered from hunters from each of the Baffin communities. Hunter
information was collected during consultations conducted in 2012, 2013, 2014, and
2015 (DOE 2013, 2014, 2015a, 2015b unpublished written records-In Prep), across all
Baffin Island (Ringrose 2018, Jenkins and Goorts 2013). Study areas were surveyed
using two to three 5 km spaced transects bisecting identified high use areas by caribou,
or until tracks were observed either on route to proposed high use areas, or while
running transects through these same areas (Ringrose 2018). The method relied
heavily on tracking groups and/or individual caribou until they were sighted, however,

visual sighting methods were used when tracking was either difficult or not possible.

When tracks were encountered and the group located and classified, parallel transects
through the study area would be tightened up to 1 to 2 km apart (depending on the
density of tracks as it related to the ease to separate groups of tracks), with one
transect run perpendicular to the track leading into the area and continued
perpendicular to adjacent transects until tracks were no longer encountered (Ringrose
2018). This allowed classification crews to adaptively “high grade” search areas with
caribou sign. The use of this adaptive search technique allowed for the most efficient
use of the limited helicopter time and limited fuel caches, both the result of the
geographical scale and resultant remote nature of the Baffin Island composition study
areas. Additionally, this adaptive method allowed crews to take advantage of
clustering behavior observed during previous survey and tracking studies, and
described by Baffin Island caribou harvesters, whereby groups of Baffin Island caribou
were more commonly observed in small geographic clusters generally associated with

watersheds, during late winter and spring.

Once tracks were observed, they were followed until the group was located at which
time caribou would be classified into 5 categories; 1) Cow (based on the presence of
a visible vulva patch), 2) Calf (based on body size and characteristics), 3) Yearling
(based on body size and characteristics), 4) Bull (based on absence of vulva patch,
body characteristics and antler size) and when possible, 5) Young Bull (based on

absence of vulva patch, body characteristics and antler size). Image stabilizing
26

L.
Nt



binoculars were used to reduce approach distances as much as possible to limit
disturbance to animals. Incases where groups could not be located due to fuel and/or
weather-related issues, and where time allowed, tracking was resumed the following

day or after refueling.

When analyzing composition results, we used a logistic regression analysis
(McCullough and Nelder 1989) to assess regional differences and overall trends in
calf-cow ratios using surveys. An additive model was used (region+year) to assess
differences in regions and explore if there was a regional increase in calf-cow ratios.
Using logistic regression accounted for differences in sample sizes in surveys with the
response being the count of calves divided by the count of cows in each survey. A
quassi-binomial response model was used to account for likely overdispersion in the
response data.

27

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

Baffin Island Caribou Groupings Annual Ranges
Based on Telemetry
- Subpopulation Range Overlap
.Arctic Bay .Pond jole - South Baffin Group/Subpopulation Range
Central Baffin Group/Subpopulation Range
I:I North Baffin Group/Subpopulation Range

Baffin_Glaciers

Clyde River
- 1y

ikigtarjuak
.Q! iqtarju:

.Igloolik (

Sanirajak
o

Kugaaruk
Gugaaru

Naujaat
°

Iqalui ¥
N “V(\\ v S
R ae. S Ca, &

-

|
\

; Kimmirut
s e

—

S
%4

R
b
.Coral Harbour

Figure 6.  Caribou grouping annual range delineation based on telemetry studies from
1987 to 1994 (primarily South and Central Baffin), and 2008 to 2011 (North
Baffin). Polygons created utilizing a kernel analysis of telemetry point data
collected for 107 collars (North=35; Central = 17; South = 55) (Campbell et
al. 2015).
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4.0 RESULTS

4.1 Sampling Summary and Data Segregation

The Baffin Island March 2024 and 2025 abundance surveys included eight (8) south

Baffin strata and six (6) north-central Baffin strata. The aircraft used within each strata

varied according to topographic ruggedness with fixed-wing (FW) aircraft being

delegated to less topographically rugged strata, and rotary-wing or helicopter (H)

aircraft to more mountainous strata (Figure 7). The South Baffin strata included:

Foxe Peninsula low Density Fixed-Wing (FP-LD-FW)

Foxe Peninsula Medium Density Fixed-Wing (FP-MD-FW)

Hall Peninsula High Density Fixed-Wing (HP-HD-FW)

Hall Peninsula High Density Helicopter (HP-HD-H)

Meta Incognita Peninsula High Density Fixed-Wing (MP-HD-FW)
Niko Island Very Low Density Fixed-Wing (NI-VLD-FW)

Nettilling Lake Northeast Low Density Fixed-Wing (NLNE-LD-FW)
Nettling Lake North Low Density Fixed-Wing (NLN-LD-FW)

The North-Central Baffin strata included:

Gifford Fiord Medium Density Fixed-Wing (GF-MD-FW)
Neergaard Lake Low Density Fixed-Wing (NL-LD-FW)

North Central Baffin High Density Fixed-Wing (NCB-HD-FW)
North Central Baffin Medium Density Helicopter (NCB-MD-H)
Pond Inlet Low Density Helicopter (PI-LD-H)

Prince Charles Island-High Density Fixed-Wing (PCI-HD-FW)

Department of Environment Campbell et al., 2025
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7- Western Islands Low Density Fixed-Wing (ISL-LD-FW)

The helicopter survey, as detailed further later in this report, utilized a different observer
platform (non-switching observers) and flight pattern, which involved flying to and way-
pointing each observation rather than using wing strut bins to estimate distance as
used on the fixed wing aircraft. As a result, it was useful to consider areas flown by
helicopter as a distinct stratum to allow added modelling flexibility as well as evaluation
of the effect of the different observer platform on survey estimates. Table 2
summarizes strata and transect dimensions, groups, and caribou observed on each

survey strata.

Like the 2014 Baffin Island caribou abundance survey, both the 2024 and 2025 surveys
were flown over the same general dates in March, with the 2025 north-central Baffin
survey extending further into March due to above-average weather cancellations
(Table 3). Neither survey year violated the five-day maximum allowable weather delay
based on an analysis of collar movements of north, central, and south Baffin caribou
across the March 2024 and 2025 surveys (Figure 8). Additionally, collar movements
over the period showed little directional movement and were consistent with non-
migratory behavior expressed as less than five kilometers of directional movement per

day (Figure 9).

30

L
Nuitavit



Strata & Transects
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Figure 7

The 2024 South Baffin (Red) and 2025 North & Central Baffin Island (Grey)
survey strata, transects, and caribou observations, used in this analysis.
Helicopter stratum indicated with an “H” in their label, and fixed wing strata
indicated with a “FW”.
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Table 2. Summary of strata dimensions and sampling. On-transect total caribou
observations are listed for each stratum.

Transects | Strata Total Average | Baseline Coverage Caribou
Str ata Area transects trar_lsect (km) (1.? km_X 2 on
(km2) length width strip width | transect
(km) (km) (km2))
2024
FP-LD-FW 14 11,333 1,117 79.79 142.03 0.30 1
FP-MD-FW 26 21,635 2,654 102.09 211.92 0.37 650
HP-HD-FW 57 50,317 8,206 143.96 349.52 0.49 909
HP-HD-H 51 19,677 3,221 63.16 311.55 0.49 433
MP-HD-FW 73 41,801 6,879 94.23 443.61 0.49 1,815
NI-VLD-FW 7 752 81 11.55 65.1 0.32 0
NLNE-LD-FW 20 18,573 1,909 95.47 194.54 0.31 66
NLN-LD-FW 17 12,444 1,244 73.15 170.12 0.30 24
2025
NCB-HD-FW 108 82,875 12,155 112.55 736.37 0.44 3,223
GF-MD-FW 25 3,160 453 18.14 174.25 0.43 7
ISL-LD-FW 15 2,800 301 20.07 139.57 0.32 3
NCB-MD-H 53 22,164 2,225 41.98 528.01 0.30 18
NL-LD-FW 11 3,819 395 35.93 106.32 0.31 238
PCI-HD-FW 19 9,529 1,349 71.01 134.20 0.42 7
PI-LD-H 24 15,809 1,238 51.57 306.56 0.23 96

32

L
Nuitavit



Table 3.

A comparison between the March 2024 and 2025 Baffin Island

abundance survey timing (x = Flight Day, PR = Pilot Rest Day; WC =

Flight cancelled due to weather).

Date (2024)
Survey | = | = | = |z |z lz|z|z|lz|lz|lzlzlzlzlz|zlzlz|=z]|=
Type |22 |3 |3 |2 |2 |8 |3 |2 |2 (2 |8 |2 |2 |2 (8 5|5 |2 |8
O I I (S O R O OSSO OO RO O o e e N R R
[e)) ~ [e°) (e} o - N w £ (6] [e)) ~ [o0] O o - N w E (6]
Fixed P
Wing X | X | X XXX | o] X[ X[X|X|X|X|X
Rotary w w
Wing clX|x|[x| x| x| |Xx]|Xx
Date (2025)
?“"’ey z|lz|lz|lz|lzlz|lz|lzlzlzlzlz|z|lzlz|z|lzlz|z|z=
ye |2 |2 8|8 (T |T|2|2|Y|Y|T|2|2|Y|Y(2|2 |2 |5
O I I (S O R HOW HOS O OO O O e e e N R R
[e)) ~ [0°) (e} o - N w £ (6] [e)) ~ [00) (o) o - N w E (6]
Fixed w w w wiw|w
wing | XX | X || X|c|X|c|X|X|X|clc|le|X|X|Xx|Xx|x|x
Rotary w wiw|\w|w|w
: X X| X | x| x| x
Wing Cc c|,c|c|cCc|cC
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Figure 8.  March daily movement rates of south Baffin collared caribou (2024),
and north and central Baffin collared caribou (2025). Note that most
collars tracked during the survey periods were under 5 km/day.
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Flight Tracks and Daily Caribou Movements
Between March 6 and 25, 2025
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Figure 9. Survey flight tracks and collared caribou daily movements between
March 6 and 25", 2025. Note that movement rates of all collared
caribou were very restricted during the survey period suggesting
weather delays had little impact on cross-transect movements.
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4.2 Double Observer and Distance Analysis

421 Double Observer and Distance Analysis (2024)

Double Observer Summary

Overall, there were 13 observer pairings of which 7 switched places (as required by the
dependent observer method) (Table 4). Two of the pairings were in the helicopter where
the pilot and data recorder were primary observers therefore not allowing switching. Pair
number 11 was a data recorder who also served as a primary observer for some time

periods again making it not possible to switch.

Of interest was the detection of weak observer pairs that missed a substantial portion of
caribou as indicated by larger frequencies of observations only seen by data recorders.
Data screening suggested that there were 2 pairs (5 and 6) that missed substantial
frequencies of caribou as indicated by the relative difference of detection probabilities
estimated with and without data recorder observations included. Often these pairs had
higher double observer detection probabilities since often the pairs missed the same
caribou (that were observed by the data recorder), therefore causing an unrealistically
high detection probability estimate (given the number of caribou not observed compared
to other pairs) (Figure 10). To offset this issue, the 2 observers were treated as a primary
observer, and the recorder was treated as the secondary observer. This allowed inclusion
of these observations for the weak observer pairs with a covariate to describe unique
observer pair detection probabilities. Other data recorder observations from other pairs

were not included in the analysis.

Another challenge to the analysis was low detection probabilities for the helicopter
observer pairs (9 and 13). This was likely due to the pilots and data recorders being
distracted by other factors and therefore not able to provide constant sighting effort. The
challenge was that by not switching, the estimate of detection probabilities for the

observer pair was based solely on the primary observers with the dependent method
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(which assumes equal primary and secondary observer probabilities). This likely caused
a negative bias in detection probabilities and potentially a positive bias in estimates. Use
of distance sampling only, which does not attempt to estimate detection based on double

observer data, was used as a means to offset this issue.

An added challenge to the analysis was observer pair 11 which was a data recorder who
also served as a primary observer. This observer pairing also had lower detection
probabilities, which were hard to assess given that the primary observer never switched
with the secondary observer. Itis assumed in this case that this pair had lower detection
probabilities than many of the other pairs (which were modelled using an observer pair

covariate).

37

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

Table 4. Summary of double observer pair data. P1x is the single observer sighting
probability and p2x is the double observer probability. Data is summarized
for double observer only data and double observer with data recorder
observations as indicated by _nodr and _dr suffixes respectively.

Frequencies Naive detection probabilities
Pair | Switched?
Front Rear Both DataRec | P1x_nodr Pix_dr p2x p2x_dr
2 yes 1 4 14 0 0.79 0.79 0.96 0.96
3 yes 17 20 92 13 0.84 0.77 0.98 0.95
4 yes 30 35 87 5 0.77 0.75 0.95 0.94
5 yes 27 4 99 37 0.97 0.75 1.00 0.94
6 yes 14 6 39 45 0.90 0.51 0.99 0.76
7 yes 4 6 15 2 0.76 0.70 0.94 0.91
8 no 1 1 6 0 0.88 0.88 0.98 0.98
9 no (heli) 18 32 18 0 0.53 0.53 0.78 0.78
10 no 5 6 21 0 0.81 0.81 0.96 0.96
no (data
11 | recorder& 8 13 10 0 0.58 0.58 0.82 0.82
observer)
12 no 20 7 53 0.91 0.91 0.99 0.99
13 no (heli) 11 34 18 0.46 0.46 0.71 0.71
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Figure 10. Graphical representation of double observer detection probabilities by
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considered the secondary observer.
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Distance Sampling Summary

As would be expected, the detection histogram of observations was highest in the closest
bin with a steady decline to the furthestbin. Detection histogram suggests that observers
were attentive to the closest bin near the plane; an improvement from past surveys
(Figure 10). The shape of detection histograms by aircraft type were different with a
more pronounced shoulder for the helicopter which was likely due to clumping of caribou
groups into small patches of suitable habitat but could also have been due to differences
in the recording of caribou groups and associated coordinates (Figure 11). In addition,
as noted earlier, most observations were only detected by a single observer for the
helicopter in comparison to the twin otter fixed wing. This was likely due to the observer
configuration. Due to the difference in both detection histogram shape and double
observer data, it was decided to analyze the helicopter and fixed wing as separate data

sets.

The effect of group size on detection histograms was less pronounced (Figure 12).
Lower sample sizes made it more difficult to interpret helicopter observations. Cloud
cover had a potential effect of broadening the detection histogram for fixed wing aircraft
at higher cloud cover levels (Figure 13). A broadening of the detection shoulder with
higher snow cover was also suggested, however the effect was minimal (Figure 14). The
combined effect of snow and cloud is shown by the product of the two covariates. The
detection histogram is flattened at higher levels of both cloud and snow cover (Figure
15).
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Figure 10. Histograms of detections as a function of distance from fixed wing aircraft.
Observations are also color-coded by observation type. Observation
frequencies are adjusted based on bin widths.
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Figure 11. Histograms of detections as a function of distance from plane for aircraft
type. Observations are also color-coded by observation type. Observation
frequencies are adjusted based on bin widths. Note the different y-axis

scales.
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Figure 12. Histograms of detections as a function of group size and observation
type. Observation frequencies are adjusted based on bin widths. Note

the different y-axis scales.
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Figure 15.
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Model Selection Fixed Wing

Initial model selection tested whether hazard rate or half normal detection functions
were more supported by the data. For this study hazard rate was more supported even
when group size was considered (Tables 5 and 6, model 12). Of the covariates
considered, univariate snow and cloud were supported with an additive snow and cloud
covariate model (model 1) showing the most support. Interestingly, group size was not
supported as a covariate suggesting good sightability conditions within all fixed-wing
survey strata. Observer-specific detection histograms were also considered; however,
model convergence was marginal as shown by large standard errors on beta terms
and therefore these models were not considered especially representative since
adequate model fit was achieved with the set of covariates that were used. For the
double observer model selection, observers (with a focus on weaker observers that
displayed lower detection probabilities than other observers), distance, and the log of
group size were supported. The support of distance suggested that detection from
observers showed some level of independence at further survey bins resulting in

decreasing double observer probabilities.

A plot of the pooled detection function for model 1 (Table 5 and 6) suggests that the
detection of caribou on the line (distance=0) was close to 1 with a shoulder of constant
detection to approximately 200m after which it declined to 0.0 at the furthest bin
(Figure 16). The actual estimate of detection on the line was 0.94 (SE=0.04). The fit
of the distance detection function was adequate with a chi-square of 4.87. However,
degrees of freedom were 0 due to covariates used to estimate the detection function.
The base hazard rate model with no covariates did significantly fit the data with a chi-
square value of 0.79, (df=1, p=0.49).

Visual inspection of the fit of the data to the mark-recapture component of the model
(Figure 17) suggests adequate fit, however, chi-square values suggested marginal fit
(chi-square=16.5, df=5, p=0.005). The main lack of fit was an underestimate of
observations seen only by the secondary observer. The likely cause of this would be
heterogeneity of sighting probabilities caused by the periodic inability to switch

observers. Sensitivity analyses were conducted, including consideration of estimates
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with no mark-recapture component (using distance sampling only, therefore assuming

detection is 1 at the closest survey bin) to better understand implications of lack of fit.
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Table 5. Univariate model selection for distance sampling covariates for the 2024
fixed wing data set. The distance sampling detection function (DF: hr-
hazard rate, hn-Half normal) is shown along with the distance and double
observer model. A constant intercept double observer model was used
for all analysis. Sample size adjusted Akaike Information Criterion
(AICc), the difference in AlCc between the most supported model for
each model (AAICc), AlCc weight (wi), number of model parameters (K)
and deviance is given. Constant models are shaded for reference.

No DF Distance model AIC, AAIC, W; LL
1 hr  snow+cloud 3109.30 0.00 0.56 5  -1549.6
2 hr snow + cloud + snowloud 3110.45 1.15 0.31 6 -1549.2
3 hr  snowloud 3114.26 4.96 0.05 4  -1553.1
4 hr cloud 3114.77 5.47 0.04 4  -1553.4
5 hr logsize + snowloud 3116.05 6.75 0.02 5 -1553.0
6 hr  logsize+cloud 3116.53 7.23 0.02 5  -1553.2
7 hr logsize + cloud + snowloud 3118.08 8.78 0.01 6 -1553.0
8 hr cloud_factor 3120.72 11.42 0.00 6 -1554.3
9 hr weakobs 3127.13 17.83 0.00 4 -1559.5
10 hr  snow 3140.26 30.96 0.00 4  -1566.1
11  hr  snow._factor 3143.77 34.46 0.00 5  -1566.8
12 hr constant 3146.88 37.58 0.00 8 -1570.4
13 hr  logsize 3147.22 37.92 0.00 4  -1569.6
14  hr  DataRecObs 3148.11 38.81 0.00 4  -1570.0
15 hr  size 3148.31 39.01 0.00 4  -1570.1
17 hr  SnowPatch 3148.38 39.08 0.00 6  -1568.1
18 hn  constant 3176.39 67.09 0.00 2 -1586.2
19 hn  size 3177.18 67.88 0.00 3  -15856
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Table 6. Model selection for double observer and combined distance
sampling/double observer covariates for the 2024 fixed wing data set.
The distance sampling detection function (DF: HR-hazard rate, HN-Half
normal) is shown along with distance and double observer model.
Sample size adjusted Akaike Information Criterion (AlCc), the difference
in AICc between the most supported model for each model (AAICc), AlICc
weight (wi), number of model parameters (K) and deviance is given.
Constant mark-recapture models are shaded for reference.
No DF Distance model MR/2x model AlIC. AAIC. wi; K LL
1 hr snow + cloud ob6 +0b11 + distance + logsize  3070.31 0.00 062 9 -1526.0
2 hr snow + cloud ob6 + ob11 + distance + size 3071.64 1.32 0.32 9 -1526.7
3 hr snow + cloud ob6 + distance + logsize 3075.95 563 0.04 8 -1529.9
4 hr snow + cloud ob6 + ob11 + distance 3077.24 6.92 0.02 8 -1530.5
5 hr snow + cloud ob6+0b11 308267 1235 0.00 7  -1534.3
6 hr snow + cloud ob5 + ob6 + ob11 3082.90 1259 0.00 8 -1533.4
7 hr snow + cloud weakobs 309195 2163 0.00 6 -1539.9
8 hr show + cloud distance + logsize 3093.30 2299 0.00 7 -1539.6
9 hr snow + cloud logsize 3098.77 28.46 0.00 6 -1543.3
10 hr snow + cloud size 3100.48 30.17 0.00 6 -1544.2
11 hr snow + cloud SnowPatchF 3101.27 3096 0.00 8 -1542.5
12 hr snow + cloud distance 310454 3423 0.00 6 -1546.2
13 hr snow + cloud snowloud 3107.51 3720 0.00 6 -1547.7
14 hr show + cloud cloud 3107.87 3756 0.00 6 -1547.9
15 hr snow + cloud snow 310867 3835 000 6  -1548.3
16 hr snow + cloud constant 3109.30 38.99 0.00 5 -1549.6

48

L
Nuitavit



Pooled detections

D_
- | |
E 0
& H
w
S . §
©
z g
5 © |
i s AN
] ]
a g o
g "
£ 37 3
a} ©° g
o s 8
o | o
o ° o
]
o 8
o
2
T

T
1000 1500

o
[
=1
(=]

Distance

Figure 16. Fitted detection function for the most supported MRDS model for the fixed
wing data set.

Conditional detection probability
Observer=1 | Observer= 2

o |
g i ‘—-——O_ﬁ___‘_‘_‘g_-i g g o
Q
§ g - 4 g
Z E ° 2
5 © o E 8 \Q\
o] o
g - ] o 8
2 o | 2 °
= & 2
3 3 5 °
] o
fa)
o
™ |
(=]
o |
o
1 T I T
0 500 1000 1500

Distance

Figure 17. Fit of fixed wing mark-recapture double observer model for the fixed wing
data set.

49

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

Model Selection Helicopter

Lower sample sizes of observations (131 observations) precluded consideration with
more elaborate distance sampling models with the helicopter-only data set (Table 7).
Models with more than 1 covariate did not converge and therefore univariate models
were considered. Of detection functions, the hazard rate was most supported (model
6). A model with cloud cover as a covariate was most supported. A plot of the
detection function shows a broader shoulder extending partially across the 200-400m
survey sighting range. Model fit was adequate (chi-square=0.513, df=1, p=0.47) as
indicated by chi-square tests (Figure 18).
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Table 7. Model selection for distance sampling covariates for the 2024 helicopter
data set. The distance sampling detection function (DF: hr-hazard rate, hn-
Half normal) is shown along with the distance and double observer model.
Sample size adjusted Akaike Information Criterion (AlCc), the difference in
AICc between the most supported model for each model (AAICc), AlCc
weight (wi), number of model parameters (K) and deviance is given.
Constant models are shaded for reference.

No |DF Model AIC, AAIC. Wi K LL
1 hr cloud 344.70 0.00 0.60 3 -169.3
2 hr snowloud 345.72 1.02 0.36 3 -169.8
3 hr size 352.75 8.05 0.01 3 -173.3
4 hr snow 353.07 8.37 0.01 3 -173.4
5 hr logsize 354.18 9.48 0.01 3 -174.0
6 hr constant 354.43 9.73 0.00 2 -175.2
7 hn size 355.82 11.12 0.00 2 -175.9
8 hr SnowPatch 356.01 11.31 0.00 5 -172.8
9 hn constant 356.34 11.64 0.00 1 -177.2
=4
S I I I I
0 500 1000 1500
Distance
Figure 18. Fit of helicopter data set to distance sampling data.

51

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

4.2.2 Double Observer and Distance Analysis (2025)

Double Observer Summary

There were 45 combinations of observers during the 2025 survey (when accounting
for primary/secondary ordering of observers). Summaries of the 2025 double observer
data resulted in 12 pairs that switched with the remaining observer combinations not
switching (Table 8). Of the 12 that switched, 2 pairings did not have sufficient sample
sizes and were pooled into a single pair which resulted in 11 pairs. The remainder of
the observers that did not switch were grouped into a single observer pair (12 in Table
8). The helicopter crew was considered as a single pairing (13 in Table 8), given that
they were not able to switch and therefore did not have a pairing that could be modelled

using double observer methods.

Plots of detection probabilities reveal weak pairings using either data recorder
observation or observations without data recorder augmentation (Figure 19). More
exactly, pairs 2 and 7 had lower detection probabilities (without data recorder
observations added), and pairs 8 to 11 had lower detection when data recorder
observations were added. To offset this issue, data recorder observations were used
as the 2" observer observations for pairs 8 to 11. A “weak observer pair” covariate
was used to potentially account for weak probabilities for pairs 2 and 7.
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Table 8. Summary of double observer pair data for2025. P1x is the single observer
sighting probability and p2x is the double observer probability. Data is
summarized for double observer only data and double observer with data
recorder observations as indicated by _nodr and _dr suffixes.

Frequencies Naive detection probabilities
Pair | Switched?
Front Rear Both DataRec | P1x_nodr Pix_dr p2x p2x_dr
1 yes 10 40 17 3 0.75 0.71 0.94 0.92
2 yes 1 10 12 1 0.48 0.46 0.73 0.71
3 yes 6 54 4 0 0.94 0.94 1.00 1.00
4 yes 1 33 2 1 0.94 0.92 1.00 0.99
6 yes 2 30 3 7 0.91 0.76 0.99 0.94
7 yes 6 13 27 0 0.41 0.41 0.66 0.66
8 yes 4 19 2 9 0.92 0.68 0.99 0.90
9 yes 3 16 4 8 0.83 0.61 0.97 0.85
10 yes 4 24 5 11 0.85 0.64 0.98 0.87
11 yes 3 30 3 19 0.92 0.60 0.99 0.84
12 no 94 128 53 17 0.81 0.76 0.96 0.94
(pooled)
13 no (heli) 16 8 12 0 0.67 0.67 0.89 0.89
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Figure 19. Graphical representation of double observer detection probabilities by
observer pairs for 2025. The red dots indicate detection probabilities for
applicable pairs where the 2 observers were primary, and the data
recorder was considered the secondary observer.
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Distance Sampling Summary

As for the 2024 analysis, the detection histogram of observations was highest in the
closest bin, with a steady decline to the furthest bin, though sparse sample sizes
precluded solid evaluation of a detection histogram for the Eurocopter B-2 helicopter
(Figure 20 and 21). To confront this, we combined the 2024 and 2025 helicopter
observation data for the analysis of the 2025 data set as detailed later in this report
(Figure 29).

For the fixed-wing analysis, smaller group sizes appeared to have a more pronounced
shoulder compared to larger group sizes for the fixed wing (Figures 21 and 22). Cloud
cover had a potential effect of broadening the detection histogram for fixed wing aircraft
at higher cloud cover levels (Figure 23). A broadening of the shoulder with higher
snow cover was also suggested; however, the effect was minimal (Figure 24). The
combined effect of snow and cloud is shown by the product of the two covariates. It
can be seen that the detection histogram is flattened at higher levels of both cloud and

snow cover (Figure 25).

In previous analyses of central Baffin strata, Prince Charles Island (sampled in 2014
and again in 2025) and characterized by its flat topography and almost continuous
cover of snow, had higher sightability compared to other strata. Inspection of detection
histograms for 2025 also suggests a broader shoulder with a higher proportion of

observations in further survey bins (Figure 26).
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Figure 20. Histograms of detections as a function of distance from fixed wing for 2025.
Observations are also color-coded by observation type. Observation
frequencies are adjusted based on bin widths.
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Figure 21. Histograms of detections as a function of distance from plane for 2025
aircraft type. Observations are also color-coded by observation type.
Observation frequencies are adjusted based on bin widths. Note the

different y-axis scales.
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Figure 22. Histograms of detections as a function of group size and observation

type for the 2025 survey. Observation frequencies are adjusted based
on bin widths. Note the different y-axis scales.
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Figure 25.
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Figure 26.  Detection histograms as a function of the product whether observations
occurred on Prince Charles Island for 2025 survey. Observation
frequencies are adjusted based on bin widths. Note the different y-axis

scales.
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Model Selection Fixed Wing

Model selection for the fixed wing aircraft initially focused on detection function choice,
with a hazard rate model (Table 9: Models 6 and 15) being most supported in
comparison to a half-normal detection function. The most supported model (Model 1)
had group size, cloud cover, snow patchiness, and Prince Charles Island (PCl) as
supported covariates. The most supported distance model was then used for mark-
recapture model selection. Distance, the log of group size was more supported than
a constant model (Table 10). A DRPair covariate, which was for lower detection
probability observers, was not supported, suggesting that the amount of variation

caused by these observers was minimal.

The fit of the MRDS model was good, as indicated by plots of the data relative to
detection histograms (Figure 27). Chi-square tests for the distance portion had 0
degrees of freedom, precluding a p-value for the test; however, the overall chi-square
was 3.6, suggesting a reasonable fit. Fit was also adequate to the mark-recapture
portion of the MRDS model (chi-square=2.06, df=2, p=0.36) as suggested by plots of
predictions compared to conditional double observer detection probabilities. Detection
probabilities did decrease with distance; however, the amount was less than suggested
by the distance plot (Figure 28) due to heterogeneity of double observer detection

probabilities.
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Table 9. Model selection for distance sampling covariates for the 2025 fixed wing
data set. The distance sampling detection function (DF: hr-hazard rate, hn-
Half normal) is shown along with the distance and double observer model.
A constant intercept double observer model was used for all analysis.
Sample size adjusted using Akaike Information Criterion (AlCc), the
difference in AlICc between the most supported model for each model
(AAICc), AlCc weight (wi), number of model parameters (K) and deviance
is given. Constant models are shaded for reference.
No DF Distance model AIC, AAIC, Wi K LL
1 hr size + PCl + cloud + snowpatch 2632.84 0.00 0.66 7 -1309.34
2 hr size + PCl + snow + cloud +snowpatch 2634.43 1.60 0.30 8 -1309.12
3 hr size + snow + cloud + snowpatch 2641.34 8.50 0.01 7 -1313.59
4 hr size + cloud + snow 2641.75 8.91 0.01 6 -1314.82
5 hr size + snow 264215 931  0.01 5 -1316.03
6 hr size + PCI 2643.09  10.26  0.00 5 -1316.51
7 hr size + snow + snowpatch 2643.15 10.32 0.00 6 -1315.52
8 hr size + snow + cloud + snowloud 2643.26 10.43 0.00 7 -1314.56
9 hr PCI 264523  12.39  0.00 4 -1318.59
10 hr snow + cloud + snowpatch 2645.95 13.12 0.00 6 -1316.92
11 hr snow + cloud 264624  13.41  0.00 5 -1318.08
12 hr snow 2646.93  14.09  0.00 4 -1319.44
13 hr Strata 2647.37 1453  0.00 7 -1316.61
14 hr snow + cloud + snowcloud 2647.45  14.61 0.00 6 -1317.67
15 hr snowpatch 2647.82  14.98 0.00 4 -1319.88
16 hr size 2650.43  17.59  0.00 4 -1321.19
17 hr snow_factor 2652.38 19.55 0.00 4 -1322.17
18 hr logsize 2653.48  20.64 0.00 4 -1322.71
19 hr weakobs 2654.40 21.56  0.00 4 -1323.17
20 hr constant 2654.81  21.98 0.00 3 -1324.39
21 hr snowcloud 2655.02 2219 0.00 4 -1323.49
22 hr cloud 2655.34 2250 0.00 4 -1323.64
23 hr cloud_factor 2658.02  25.18 0.00 6 -1322.95
24 hn size 2663.31  30.48 0.00 3 -1328.64
25 hn logsize 2663.49  30.65 0.00 3 -1328.73
26 hn constant 2664.11 31.28 0.00 2 -1330.05
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Table 10. Model selection for double observer and combined distance
sampling/double observer covariates for the 2025 fixed wing data set. For
this analysis the most supported DS model (Table: size + cloud +
Snowpatch+PCl) was used. Sample size adjusted Akaike Information
Criterion (AICc), the difference in AICc between the most supported
model for each model (AAICc), AICc weight (wi), number of model
parameters (K) and deviance is given. Constant mark-recapture models
are shaded for reference.
No MRmodel AlC. AAIC. Wi K LL
1 logsize + distance 2627.82 0.00 0.32 9 -1304.8
2 PCI + logsize + distance 2628.27 0.45 0.26 10 -1304.0
3 logsize 2629.84 2.02 0.12 8 -1306.8
4 size 2630.14 2.31 0.10 8 -1307.0
5 distance 2630.33 2.50 0.09 8 -1307 1
6 constant 2632.84 5.01 0.03 7 -1309.3
7 Snow_Patchyness 2633.45 5.63 0.02 8 -1308.6
8 DRPair 2633.59 5.76 0.02 8 -1308.7
9 snowc 2634.48 6.66 0.01 8 -1309.1
10 PCI 2634.66 6.84 0.01 8 -1309.2
11 snowcloud 2634.67 6.84 0.01 8 -1309.2
12 cloudc 2634.71 6.88 0.01 8 -1309.3
13 SnowPatchF 2635.32 7.50 0.01 9 -1308.5
14 logsize + distance 2627.82 0.00 0.32 9 -1304.8
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Figure 27. Fitted detection function for the most supported MRDS model for the
2025 fixed wing data set.
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Figure 28. Fitted detection function for the most supported MRDS model for the
2025 fixed wing data set.
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Helicopter Model Selection

The 2024 and 2025 helicopter data were combined for the 2025 analysis to offset low
sample sizes in the 2025 data set. An additional year covariate was also added to the
analysis to test potential differences in detection functions. A comparison of detection
histograms (Figure 29) suggests proportionally more observations in the furthest
survey bin in 2025; however, this may be due to low sample sizes in 2025. Model
selection results suggested that the detection function scale varied by group size, year
and cloud cover for helicopter observations, with the hazard rate detection function
being most supported (Table 11). A plot of the overall detection function suggested a
reasonable fit of the detection function to the data, with an overall chi-square value of
2.3 (0 degrees of freedom prevented a p-value from being developed) (Figure 30).
The year-based covariate suggested that detection was higher for the helicopter used
in 2025 compared to the same make and model of helicopter (Eurocopter B-2) used in
2024 (Figure 31). The effect of this covariate was a reduction in estimates for 2025
strata by approximately 20% (Model 3 vs Model 1: approximately 200 caribou). So,
the net effect of using the year covariate is to make the 2025 estimate more
conservative due to data deficiencies. Because of this, helicopter estimates were

relatively imprecise (CV=20%) when compared with fixed wing estimates.
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Table 11. Model selection for distance sampling covariates for the 2024 and 2025
helicopter data sets. The distance sampling detection function (DF: hr-
hazard rate, hn-Half normal) is shown along with distance and double
observer model. Sample size adjusted Akaike Information Criterion (AlICc),
the difference in AlCc between the most supported model for each model
(AAICc), AlCc weight (wi), number of model parameters (K) and deviance
is given. Constant models are shaded for reference.

No DF Model AIC. AAIC. Wi K LL
1 hr size + Year + cloud 434.98 0.00 0.59 5 -212.3
2 hr size + Year + cloud + snowloud 436.69 1.71 0.25 6 -212.1
3 hr size + cloud 439.23 4.25 0.07 4 -215.5
4 hr size + Year 439.67 4.69 0.06 4 -215.7
5 hr size + cloudc + snow 441.34 6.37 0.02 5 -215.5
6 hr size 445.04 10.07 0.00 3 -219.4
7 hn size 446.11 11.13  0.00 2 -221.0
8 hr Year 448.19 13.22  0.00 3 -221.0
9 hn Year 449.54 1457  0.00 2 -222.7
10 hr logsize 450.71 15.73  0.00 3 -222.3
11 hn logsize 452.01 17.04  0.00 2 -224.0
12 hr cloudc 458.16 23.18 0.00 3 -226.0
13 hr snowloud 460.89 2591 0.00 3 -227.4
14 hr Constant 464.13 29.16  0.00 2 -230.0
15 hr snow 466.10 31.13 0.00 3 -230.0
16 hn Constant 466.50 31.52 0.00 1 -232.2
17 hr SnowpatchF 469.71 34.73 0.00 5 -229.7

L
Nuitavit

66



10

08

06
|

Detection probability
04

02

00

0 500 1000 1500

Distance

Figure 30. Fit of helicopter data set to distance sampling data for 2025.

1T U o
o \ \\‘\“
o ‘_\-'—‘—-;"T——-—T_I
Elﬁ 5EI}0 10IUO 15I00
Distance
Figure 31. Comparison of detection functions for 2024 and 2025. The mean
detection function and detection functions for 2024 and 2025 are
shown.

67

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

4.3 Sensitivity Analysis of 2024 & 2025 Models & Data

431 Sensitivity Analysis (2024)

A sensitivity analysis was conducted for the 2024 fixed wing data set to assess sensitivity
of estimates to model fit, inclusion of data recorder data, and distance sampling (Table 6
and Figure 16). The overall estimates from the most supported model were compared

with various models and data formulations (Table 12 and Figure 32).

In the first analysis, we used a distance sampling only model that used estimates of the
most supported distance models with no double observer model (assumed sightability=1
in the closest bin was considered). Estimates from this model were 584 caribou lower
(2.4%) lower than the full MRDS model suggesting that sightability within the transect strip
only reduced the estimate marginally compared to assuming it was 1. We note that this
formulation also should be less sensitive to inclusion of data recorder data given that
detection probabilities are not modelled; instead, it is assumed that relatively equal
observer effort occurs during the survey so that the resulting detection functions apply

across all observer pairs.

In the second analysis, we used a strip transect estimator that assumes sightability within
the 0-400m strip. Estimates were 12% lower using this approach which was not surprising
given that detection decayed after 200m based on calculated detection functions.
Incorporation of double observer modelling did increase the estimate slightly (7% lower);

however, it was still lower than the distance sampling only estimates.

In the third analysis, we used an estimate using the full MRDS model with all data recorder
observations; with estimates being approximately 2,000 caribou (8.8%) lower than the
MRDS model and 6.5% lower than the distance sampling model. This result suggests that
inclusion of data recorder data for the extremely weak pairs likely offsets potential negative

bias caused by larger numbers of caribou being missed by weak observer pairs.
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In the fourth analysis, we used all data including data recorders, all of which was used with
the most supported distance sampling model. This forth analysis was run with estimates
being only 288 caribou lower (1%) than the MRDS model suggesting that just using data

recorder data may be as efficient as double observer modelling.
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Table 12. Sensitivity analysis of estimates of 2024 Baffin Island total estimates. The total
number of caribou used in the estimate (n) is given along with each estimate
(N). MRDS indicates a distance sampling/double observer model, DS
indicates a distance sampling model, and DR indicates data recorder
observations.

Model n N SE Conf. Limit cv
Strip transect/Double observer 2609 22,438 1268.4 | 17,097 29,063 0.057
Strip transect 2644 21,289 1458.1 | 18,409 24,169 0.068
MRDS Fixed/DS heli-no DR observations | 3614 22,056 1341.2 | 19,555 24,877 0.061
MRDS Fixed/DS helicopter 3843 24,162 1372.0 | 21,595 27,034 0.057
DS Fixed and Helicopter 3843 23,577 1362.4 | 21,031 26,432 0.058
DS Fixed and Helicopter-all DR 3908 23,874 1406.6 | 21,254 26,816 0.059

observations
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Strip transect 7 I——{
0 |
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©
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Figure 32. Graphical representation of 2024 sensitivity analysis. Dashed line indicates
estimate used for analyses.
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4.3.2 Sensitivity Analysis (2025)

A similar set of sensitivity analyses were conducted for the 2025 fixed wing Northern Baffin
Island data set to assess the effect of inclusion of data recorder observations as well as
use of distance sampling methods. Estimates were compared to the full MRDS estimate
(Table 10). The helicopter portion of the data set, which was challenged by low sample

sizes, was not used in sensitivity analyses.

As with the 2024 strip-transect/double observer results, 2025 estimates with or without data
recorder observations were 10-16% lower than full data set estimates (Table 13 and

Figure 33) demonstrating the utility of distance sampling to reduce estimate bias.

A second analysis considered the selective addition of data recorder observations used in
the 2025 analysis (MRDS (selective DR obs in Table 13)) with no data recorder
observations included (MRDS (no DR obs)). In this case estimates were 4% lower when
data recorder observations were not included, suggesting that augmentation of weak
observers with data recorder observations provides an effective way to offset issues with

weak observers.

A final analysis compared estimates using just distance sampling with all data recorder
observations (DS (all DR obs)) with the MRDS estimates with selective observations. In

this case the distance sampling only estimates were slightly higher than the MRDS

estimates, however, the difference was only 1.5%. As discussed later, this result suggests
that just using distance sampling with combined data recorder and observer observations

can be as effective as MRDS methods when survey conditions are favorable.
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Table 13.  Sensitivity analysis of estimates of 2025 Baffin Island total estimates. The
total number of caribou used in the estimate (n) is given along with each
estimate (N). MRDS indicates a distance sampling/double observer model,
DS indicates a distance sampling model, and DR indicates data recorder
observations.

Model n N SE Conf. Limit Ccv
Strip transect (all DR obs) 2588 20,328 | 1589.9 | 17,177 | 23,480 | 0.078
Strip transect/Double observer 2532 21,774 | 1493.0 | 18,982 | 24,977 | 0.069
MRDS (selective DR obs) 3489 24,080 | 1812.2 | 20,739 | 27,958 | 0.075
MRDS (no DR obs) 3278 23,044 | 1841.3 | 19,668 | 27,001 | 0.080
DS (all DR obs) 3555 24,450 | 1942.0 | 20,898 | 28,606 | 0.079
Strip transect/Double observer - }——Ir—i
Strip transect - I_—l i
MRDS (selective DR obs) 1 I I

Sensitivity Analysis

MRDS {no DR obs) [ : |

DS (all DR obs) 1 | i |

10000 20000 3000
Abundance estimate

Figure 33. Graphical representation of 2025 sensitivity analysis. Dashed line

indicates estimate used for analyses.
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4.4 Estimates

Estimates derived from both March 2024, and 2025 surveys were analyzed separately
before merging the two datasets together for a whole Baffin Island estimate. The
results of these individual assessments are as follows below. However, to accurately
assess the whole Island estimate, survey strata from both years would have to be
merged in a way that would keep relative density assessments as mutually exclusive

as possible. This process will be discussed later in this section.

441 March 2024 South Baffin Survey

March 2024 abundance estimates were derived from the most supported MRDS model
for both the fixed-wing strata and the helicopter (Heli) strata (Table 14). Highest
abundance and densities occurred on the MP-HD-FW (Meta-Incognita Peninsula High
Density) where 11,694 adult, yearling, and calf caribou were estimated, followed by
Hall Peninsula High Density strata (HP-HD-FW and HP-HD-H) where combined fixed
wing and rotary wing methods estimated a total of 8,110 (Fixed 95% Cl =4,977-6,910;
CV = 8.2%; Helicopter 95% CI = 1,572-3,207; CV = 18.0%) adults, yearlings, and
calves, and finally FP-MD-FW (Fox Peninsula Medium Density), where 3,589 (95% CI
= 2,558-5,035; CV = 16.1%) adults, yearlings, and calves were estimated. Overall
estimates were relatively precise with the least precise estimates (highest CV’s)
occurring within the FP-LD-FW density stratum (with 11 on-transect caribou
observations), the NLNE-LD-FW (Nettling Lake North East low density) stratum (with
66 on-transect caribou observations), and the NLN-LD-FW (Nettling Lake North low
density) stratum (with 24 on-transect caribou observations) (Table 14). Combined
these low-density strata had little influence on the overall abundance of south Baffin

caribou, contributing a mean of 769 caribou to the south Baffin estimate. Higher
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density survey strata however were relatively precise yielding an estimate across all
south Baffin survey strata of 24,162 (95% CI = 21,595-27,034; CV = 5.7%) adult,

yearling, and calf caribou.

4.4.2 March 2025 Central and North Baffin Survey

Similar to March 2024, the March 2025 abundance estimates were derived from the
most supported MRDS model for both the fixed-wing and the helicopter strata (Table
14). The NCB-HD-FW (North Central Baffin High Density Fixed-Wing) stratum
recorded densities of 27.36 caribou per 100km? which were similar to densities to MP-
HD-FW (Meta-Incognita Peninsula High Density Fixed-Wing) flown in 2024. These
two strata contained the majority of caribou estimated across Baffin Island. In total
3,223 caribou were observed on transect within the NCB-HD-FW stratum which
translated to an estimated total stratum abundance of 22,677 caribou (95%CI= 18,922-
27,178; CV=9.2%). The estimate was precise with a CV of 8.5%. The next highest
recorded densities of caribou occurred within the PCI-HD-FW (Prince Charles Island
High Density Fixed-Wing) stratum where a relative density of 7.36 caribou/km?
translated to an estimated 1,163 caribou adults, yearlings, and calves (95% CI=707-
1,914; CV=24.2%), followed by the NL-LD-FW (Neergaard Lake Low Density Fixed-
Wing) showing a relative density of 4.30 caribou/km2 and an estimated 164 adults,
yearlings, and calves (95%CI=26 to 1,024;CV=98.5%). Both these strata produced
imprecise estimates due to the relatively low sample population and as is evident by
their high CVs. The remaining strata recorded 1.84 caribou/km2 within the NCB-MD-
H (North Central Baffin Medium Density Helicopter), 1.61 caribou/km2 within the GF-
MD-FW (Gifford Fiord Medium Density Fixed-Wing) and 0.85 caribou/km2 within the
ISL-LD-FW (Western Islands Low Density Fixed-Wing)). In total these final strata
accounted for 81 caribou seen on transect, yielding an estimate of 483 adults, calves,

and yearlings between the three strata. Again, these estimates lacked precision,
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however, this lack of precision had little effect on the overall precision of the 2025
survey due to the relatively low numbers of caribou observed and estimated within
these low and medium density transects when compared with the high density and

high precision of the NCB-HD-FW strata and transects.
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Table 14.  Estimates for each stratum from the most supported MRDS model. The
number of caribou counted on transect (n) is given for each stratum along
with abundance estimates. Density is the abundance estimate divided
by strata area X 100.

Strata n N SE Conf. Limit CcVv Density
2024
FP-LD-FW 11 94 70.8 19 457 0.757 0.8
FP-MD-FW 650 3,589 578.8 2,558 5,035 0.161 16.6
MP-HD-FW 1,751 11,694 1041.7 9,787 13,972 0.089 28.0
NLNE-LD-FW 66 479 231.1 174 1,322 0.482 2.6
NLN-LD-FW 24 196 101.9 65 592 0.520 1.6
HP-HD-FW 909 5,864 479.8 4,977 6,910 0.082 11.7
HP-HD-H 432 2,246 403.9 1,572 3,207 0.180 11.4
Total 3,843 24,162 1372.0 21,595 27,034 0.057
2025
NCB-HD-FW 3,223 22,677 2081.0 18,922 27,178 0.092 | 274
GF-MD-FW 7 51 51.0 9 284 1.001 1.6
ISL-LD-FW 3 24 24.1 4 144 1.009 0.9
NL-LD-FW 18 164 162.0 26 1,024 0.985 4.3
PCI-HD-FW 238 1,163 281.5 707 1,914 0.242 7.4
NCB-HD-H 71 408 183.8 173 963 0.451 1.8
P|-LD-H 96 539 58.2 436 667 0.108 5.7
Total 3,656 25,026 2115.8 21,182 29,568 0.085
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443 Merging March 2024 and 2025 Overlapping Strata

We combined the March 2024, and 2025 caribou abundance estimates for a whole
Baffin Island estimate. This analytical step was required for the development of a trend
analysis utilizing the March/April 2012 South Baffin Island survey estimate, March 2014
Full Baffin Island survey estimate (Campbell et al. 2015), and the March 2024 and
2025 merged Baffin Island survey estimates (Figure 34). Further, and to analytically
combine the 2024 Nettling Lake strata including the Nettling Lake East Low Density
(NLNE-LD-FW) and the Nettling Lake Low Density (NLN-LD-FW), we analyzed their
degree of overlap with the 2025 Central Baffin stratum (CB) (Table 15). To combine
these overlapping strata estimates from the transects flown, a few modifications to the
2024 survey strata were required. We used all available past and recent telemetry and
survey data to examine caribou movements and mixing within the localized area
encompassing these three partially overlapping strata across the two survey years.
We also used current 2024 and 2025 telemetry movement data to assess movement
rates and spatial affiliations between the two survey years though this data was limited

to only four (4) collars in March 2024 and four (4) collared caribou cows in March 2025.

An initial assessment of overlapping survey stratum showed the majority of the 2024
Nettling Lake North Low-density stratum (NLN-LD-FW) overlapping with the 2025
NCB-HD-FW stratum; however, no caribou were detected in the areas of the 2024
NLN-LD-FW stratum that did not overlap with the 2025 NCB-HD-FW stratum (Figure
35). Therefore, the NLN-LD-FW stratum was excluded from trend comparison (the
estimate of caribou in the area that did not overlap 2025 was 0). We also examined
the 2025 NCB-HD-FW stratum which also extended into the 2024 NLNE-LD-FW
stratum. As with the NLN-LD-FW stratum, few caribou occurred in areas that did not
overlap apart from a few groups to the southwest NLE-LD-FW stratum. To estimate
these groups, the area of overlap between the 2025 NCB-HD-FW and 2024 NLNE-LD-
FW strata was clipped to create a new 2024 NLE-LD-FW stratum that excluded the
2025 NCB-HD-FW stratum. Observations from 2024, that were in the 2025 NCB-HD-
FW stratum, were then excluded to derive new estimates for the 2024 NLE-LD-FW

stratum. This sampling configuration assumes that most caribou detected in 2025
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were from the Central Baffin subpopulation and that an insignificant number of caribou
moved from the South Baffin survey extents into the Central Baffin stratum survey
extents (and vice-versa) in March 2024 and 2025. Past collar analysis (Campbell et al
2015) suggests that this subpopulation mainly occurs to the north of Nettling Lake with
the South Baffin subpopulation or grouping predominantly occurring to the south of
Nettling Lake during the time of year the survey was flown (Figure 36). Current collar
data from 2024 and 2025, over the same days the surveys were conducted supports
this hypothesis, showing minimal movement between central and south Baffin survey
extents in March when the surveys occurred, and other months of the year as well
(Figure 37). No collared caribou switched subpopulations during this period. Though
this spatial assessment supports these stratification modifications, we must note that
this comparison is limited by sample size and distribution of the collared caribou.
Despite the small sample size, this assessment does suggest remarkable fidelity of
caribou to regional areas within Baffin Island. Following the assessment of all available
spatial caribou data and the final adjustment of overlapping strata and recorded
caribou observations, the resulting 2024 and 2025 estimates were merged to derive a
full island estimate of 48,681(Cl=43,973-53,893) (Table 15 and Figure 38).
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Figure 34. Areas sampled in 2024 (green) and 2025 (black with white observations).
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Close up of area of overlap of 2024 and 2025 sampling strata.

80




Winter Utilization Distribution
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Figure 36. Winter range use based on utilization distributions utilizing a Kernel
analysis with an 11 km search radius using historic (1987-1994) collar
data. Darker colors indicate higher use. Figure from Campbell et al
(2015).

81

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

March Other months

202

§20e

SubPopulation @ NorthBafin @  Central Baffin @  South Baffin

Figure 37. Locations of collared caribou (n=34 and 33 for 2024 and 2025) relative
to survey strata (2024: green, 2025: brown) in March when surveys
were conducted relative to other months of the year.
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Table 15. Estimates from 2024 excluding area of overlap with 2025 strata (NLN-LD-
FW strata eliminated and NLNE-LD-FW reduced) and the resulting

H=Helicopter). The 2025 strata estimates are listed in Table 5.

combined estimates of 2024 and 2025 (FW=Fixed wing aircraft;

Strata

2024 n N SE Conf. Limit cv Cazs:zi/t:m )
Foxe Penn.
Fixed wing FP-LD-FW 11 94 70.8 19 457 0.757 0.8
Low Density
Foxe Penn.
Med Density FP-MD-FW 650 | 3,589 578.8 2,558 | 5,035 | 0.161 16.6
Fixed Wing
Meta-Incognita
Penn. High MP-HD-FW | 1751 | 11,694 | 10417 | 9,787 | 13,972 | 0.089 28
Density Fixed
Wing
Nettling Lake
East Low NLNE-LD-FW
Density Fixed (reduced) 23 168 181.3 24 1,189 | 1.081 1.09
Wing
Hall Penn High
Density Fixed HP-HD-FW 909 | 5,864 479.8 4977 | 6,910 | 0.082 1.7
Wing
Ha_ll Penn I-_Iell HP-HD-H
High Density DS onl 432 | 2,246 403.9 1,572 | 3,207 | 0.180 11.4
Helicopter (DS only)
20 3,776 | 23,655 | 1360.7 | 21,111 | 26,506 | 0.058
otal
2025
T 3,656 | 25,026 | 2115.8 | 21,182 | 29,568 | 0.085
otal
TOTAL
2024 and 2025 7,432 | 48,681 | 2515.5 | 43,973 | 53,893 | 0.052
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Figure 38.  The combined 2024 and 2025 data sets with the 2024 NLNE-LD-FW
stratum modified to avoid overlap with the 2025 NCB-HD-FW stratum.
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4.5 Trend Analysis

451 Observed Abundance Trends

Comparisons between full Baffin Island abundance estimates as well as regional
stratum estimates, were undertaken using data from the 2012, 2014, and merged 2024
and 2025 surveys (Tables 15 and 16). The 2014 full island estimate used to determine
trend did not include Melville Peninsula or Borden Peninsula given that these 2 areas
were not surveyed in 2024/2025. This reduced the estimate used for the analysis of
trend from 4,872 (Cl=3,661-6,484) to 4,645 (Cl=3,667-5,885) (Table 16).

Regional trends from 2014 to 2024-5 were evaluated by pairing 2014 strata (Figure
39 and Table 16) with 2024-2025 strata based on overlap as summarized in Table 16.
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Table 16. Estimates for 2014 Baffin Island survey (Campbell et al. 2015) strata that
Also listed are the corresponding
2024/2025 strata used in the trend analysis. Note that the Central Baffin
region in 2014 was composed of the Central Baffin and Mary River strata

overlap the 2024 and 2025 surveys.

(Figure 39).

Region/Strata

Corresponding

Corresponding to 2014 n N SE C0|1Lfi|:1?tnce cv lzjggzlﬁgrst:::g
Survey strata analysis
Central Baffin 197 | 1,091 | 278.4 662 1,798 | 0.255 NCB-HD-FW

Mary River 49 224 97.1 96 521 0.433 PI-LD-H
: FP-MD-FW
Foxe Peninsula 20 216 183.4 48 972 0.849 EP-LD-FW
Hall Peninsula 176 | 887 | 2029 | 467 | 1686 | 033 | o OTHY
Meta-Incognita Peninsula 91 539 207.5 256 1,138 | 0.385 MP-HD-FW
Prince Charles Island (PCI) | 557 | 1,603 | 249.8 | 1,158 | 2,220 | 0.156 PCI-HD-FW
North Central Baffin 13 85 45 31 230 0.53 NCB-MD-H

Total 1,103 | 4,645 | 560.2 | 3,667 | 5,884 | 0.121
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Observations from the combined 2024 and 2025 data sets (Figure 38) indicated higher
densities in most March 2024 and 2025 strata then were observed in March 2014 or
March 2012. March 2014 observations and estimates illustrate relatively low numbers
of caribou in comparison to March 2024 and 2025 strata observations and estimates
(Tables 15, 16 and Figure 39).

Regionally, the greatest change was documented within the Central Baffin Region
where the mean estimate increased from 1,315 caribou (adults and yearlings) in 2014,
to 23,216 (p-value <0.0001) by 2025. The Meta-Incognita region recorded the next
highest change from 539 to 11,694 (p-value < 0.0001), followed by the Hall Peninsula
region where the estimated number of caribou increased from 887 to 7,878 (p-value <
0.0001), and finally the Foxe Peninsula region where the mean estimate increased
from 216 adult, yearling, and calf caribou in 2014, to 3,682 by March 2024 (p-value <
0.0001) (Table 17). Significant increases in abundance were not detected within the
Prince Charles Island region and North Central Baffin region, where p-values were
recorded well above the 0.05 threshold. Mean estimates from these two regional strata
did, however, suggest an increase in abundance within the North Central Baffin region,
and a decrease in overall caribou abundance within the Prince Charles Island region
(Figure 40).

Overall estimates across all Baffin Island strata between March 2014 and March
2024/25 saw a mean increase from 4,645 to 48,681 adult, yearling, and calf caribou
respectively. This change was highly significant yielding a P-value of less than 0.0001
(P-values less than 0.05 are an indication of statistically significant change) (Figure
41).

The rates and magnitude of this change were estimated using the ratio of successive
caribou survey estimates for the full Baffin Island survey area, as well as for individual
strata making up the whole Baffin Island survey area (Table 18). For clarity, the year
for the Baffin 2024/2025 merged surveys was set to 2024.5 to accommodate the
splitting of the island wide survey effort into the 2024 (South Baffin) and 2025 (North
and Central Baffin Island) surveys that covered the entire Island (except for a large
portion of Borden Peninsula). Of most interest was a comparison of the 2012 and 2014
estimates with 2024/2025 estimates. The relatively high CV’s reported for both the
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2012 and 2014 surveys, coupled with extended (7 weeks) and partial coverage (parts
of central Baffin and all of North Baffin Island not surveyed) of the 2012 survey,
compared to the 2014 whole Baffin Island survey coverage across a 4 week period,

precluded solid estimates of trend in most cases between these survey years.

The overall estimate for Baffin Island generated from the merged March 2024 (South
Baffin), and 2025 (North and Central Baffin), indicate that caribou abundance
increased approximately 11-fold since March 2014, which translates to a 25% rate of
annual increase in abundance (Cl=1.22-1.28). Figure 42 shows yearly change
estimates for the most relevant intervals. Increases occurred in all strata except for
Prince Charles Island which decreased by 3% per year. Estimates of increase varied
by each individual region, however, confidence intervals overlapped estimates for the

entire region suggesting statistically similar trends.
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Table 17. Estimates of abundance from previous and the present 2024/2025
surveys used for trend analysis based on comparisons listed in Table 16.
The total number of caribou used in the estimate (n) is given along with
each estimate and confidence limits as well as coefficient of variation
(CV) and degrees of freedom. In addition, t-test for statistical significance
between estimates are given.
Year | Caribou N cv Conf. Limit df T-test dft p-value
(n)
Baffin (all strata)
2014 1,103 4,645 | 0.126 | 3,667 5,885 286.6
2025 7,432 | 48,681 | 0.052 | 43,973 | 53,893 | 245.1 17.1 | 269.4 | <0.0001
Central Baffin region
2014 246 1,315 | 0.238 | 827 2,093 122.6
2025 3,319 | 23,216 | 0.090 | 19,452 | 27,709 | 142.8 10.4 | 149.2 | <0.0001
Foxe Peninsula region
2012 6 69 0.995 12 389 19.6
2014 20 216 0.849 48 972 30.4 0.8 | 38.3 | 0.4568
2024 661 3,682 | 0.158 | 2,577 5,492 23.0 5.7 | 27.6 | <0.0001
Hall Peninsula region
2012 41 480 0.337 | 250 925 65.5
2014 176 887 0.330 | 467 1,686 96.0 1.2 | 143.9| 0.2265
2024 1,342 7,878 | 0.075 | 6,793 9,137 86.7 10.6 | 127.9 | <0.0001
Meta-Incognita Peninsula region
2012 13 162 0.545 57 455 34.7
2014 91 539 0.385 256 1,138 96.2 1.7 | 122.9| 0.0966
2024 1,751 | 11,694 | 0.089 | 9,787 | 13,972 55.0 10.5 | 59.3 | <0.0001
North Central Baffin region
2014 13 85 0.533 31 232 55.2
2025 71 408 0.451 173 963 154.0 1.7 | 171.5| 0.0901
Prince Charles Island (PCI)
2014 557 1,603 | 0.171| 1,131 2,272 26.0
2025 238 1,163 | 0.242 | 707 1,914 64.1 -1.1 | 75.7 | 0.2663
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Figure 39 Observations from the 2014 Baffin Island survey (Campbell et al.
2015).
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Figure 40 Estimates of abundance for the Baffin Island full island estimates in
2014 and 2024/25.
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Figure 41. Estimates of abundance for 6 target regions in 2012, 2014, 2024, and
2025 as listed in Table 16. Note the different y-scales for each plot.
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Table 18. Rates of change in abundance for regions as defined in Table 16. for
2012, 2014, 2024, and 2025. Abundance estimates are given for each
year and estimates of gross change (Ny2/Ny1) and annual change (A). Ny1
is the abundance estimate for the first year of the comparison and Nyz2 is
the estimate for the year of the second estimate.
Interval Ny: SEy, Ny, SE,, GC SE Conf. Limit A SE | Conf. Limit
Baffin (all strata)
2014-
2024- 4,645 | 560.3 | 48,681 | 25155 10.48 140 | 8.16 | 13.62 | 1.25 | 0.02 | 1.22 | 1.28
2025
Central Baffin region
2014-
2025 1,315 | 312.9 | 23,216 | 2081.8 17.65 4.77 | 11.06 | 4.49 1.30 | 0.03 | 1.24 | 1.36
Foxe Peninsula region
2012-
2014 69 68.5 216 183.4 3.14 9.73 | 0.38 4.10 1.77 | 1.28 | 0.62 | 5.44
2014-
2024 216 | 183.4| 3,682 | 583.1 | 17.05 | 25.6 | 5.05 | 14.73 | 1.33 | 0.10 | 1.18 | 1.58
Hall Peninsula region
2012-
2014 480 | 161.9 887 292.9 1.85 1.00 | 0.75 0.87 1.36 | 0.33 | 0.87 | 2.14
2014-
2024 887 |292.9| 7,878 | 588.0 8.88 | 3.35 | 488 | 3.01 | 1.24 |0.04 | 1.17 | 1.33
Meta Incognita Peninsula region
22%111 162 88.1 539 207.5 3.34 3.03 | 1.03 2.23 1.83 | 0.64 | 1.01 | 3.50
2014-
0024 539 | 207.5| 11,694 | 1041.7 | 21.70 | 9.88 | 10.95 | 8.57 | 1.36 | 0.05 | 1.27 | 1.48
North Central Baffin region
22(:)1245 85 45.3 408 183.8 4.80 454 | 1.36 3.35 1.15 | 0.07 | 1.03 | 1.30
Prince Charles Island region
22%12‘; 1,603 | 274.1 | 1,163 | 281.5 0.73 | 0.22 | 0.40 | 0.22 | 0.97 |0.03 | 0.92 | 1.02
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Figure 42. Comparison of yearly change (Nt+1/Nt) for Baffin (all strata) compared to
region/strata specific change. A vertical line and A =1 indicate population
stability.
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4.6 Spring Composition

Composition intensity, timing, and geographic location, varied between years and was
highly dependant on funding, available qualified staff, and weather (Ringrose 2018,
2019, 2021). Emphasis was put onto spring composition studies as the best indicator
of trend based on its ability to assess overwinter calf survival, the period with the
highest expected calf mortality. This period is considered a more dependable indicator
of herd productivity and trend. Generally, calves that survived into the spring were

considered recruited into the population.

In the fall of 2015, classification crews flew a total of 96.4 hours (28.6 hours in North
Baffin, 38.5 hours in Central Baffin, and 29.3 hours in South Baffin) classifying 208, 96,
and 159 caribou respectively (Table 19 and Table 20) (Ringrose, 2018). Inthe spring
of 2016, crews flew a combined total of 86.3 hours in both Central and South Baffin
classifying 125 and 451 caribou, respectively, while in the fall of 2016 crews flew a total
of 67.4 hours (19.6 hours in North Baffin and 47.8 hours in South Baffin) classifying
202 caribou in north Baffin, and 445 in south Baffin. Spring 2017 flight hours totaled
104.6 (26.2 hours in North Baffin, 41.6 hours in Central Baffin and 36.8 hours in South
Baffin), classifying 254, 8, and 597 caribou respectively, while 2017 flights totaled 14.6
hours in North Baffin alone, observing 316 caribou. Inthe spring of 2018, crews flew
a total of 102.5 hours (18.9 hours in North Baffin, 29.1 hours in Central Baffin, and 54.5
hours in South Baffin) classifying 100, 98, and 933 caribou, respectively.
Unfortunately, there were not sufficient resources or cached fuel to conduct fall
composition studies in 2018. By 2019 classifications were adjusted to spring only to
focus available resources on what was believed to be the most useful index of
demographic growth (Ringrose 2019). In spring 2019, classification crews flew 61
hours in south Baffin only observing 1,584 caribou. The most recent composition
flights occurred in March/April 2021 within the north and south Baffin study areas
(Ringrose 2021), at which time a total of 38.4 hours were flown in south Baffin, and

31.6 hours were flown within the north Baffin study area. South Baffin caribou

95

Department of Environment Campbell et al., 2025



Baffin Island Caribou Distribution and Abundance Survey February/March 2024/2025

observations totalled 1,734 the highest recorded to date while north Baffin
observations totaled 192, largely due to poor weather and the inability to reach all

targeted north Baffin pre-determined classification extents.

Itis noteworthy that when compared to the 2014 caribou survey estimates for the north,
central, and south Baffin Island regions, 2016, 2017, and 2018 spring classification
counts assessed large proportions of the overall estimates. In 2016 11.5% of the
survey estimate was assessed for central Baffin, and 16.5% for south. In spring 2017,
80.6% of the 2014 survey estimate was classified for north Baffin, and 21.8% for south
Baffin suggesting good representation of the overall caribou population. Of the North,
Central and South Baffin classification areas, the south Baffin had the most consistent
sampling of caribou on their spring range. South Baffin classification counts increased
from 451 in 2016, to 597 in 2017, to 933 in 2018, to 1,584 in 2019 and finally to 1,734

by 2021, suggesting substantial growth within these sampling areas.

High calf to cow ratios were observed for both north and south Baffin. Calf to cow
ratios within the south Baffin steadily increased from 22 in 2016, 37 in 2017, to 39 in
2018, to a high of 57 in 2019, and most recently to 47 in 2021 (Table 20). Similarly
north Baffin calf to cow ratios climbed from 39 in 2017, to 58 in 2018 ending with a high
of 63 by 2021. Apart from spring 2016, all calf to cow ratios were for both north and
south Baffin Island caribou were well above the known published thresholds for an
increasing population (Heard et al. 1990, Boulanger et al. 2011). These findings

suggest substantial growth since the establishment of harvest restrictions.

A logistic regression analysis (McCullough and Nelder 1989) was conducted to assess
regional differences and overall trends in calf-cow ratios using surveys (Table 21).
Additionally, an additive model was used (region+year) to assess differences in regions
and explore if there was a regional increase in calf-cow ratios. The use of logistic
regression accounted for differences in sample sizes in surveys with the response
being the count of calves divided by the count of cows in each survey. A quassi-
binomial response model was then used to account for likely overdispersion in the
response data. Results suggested a weak positive trend (as indicated by the year

term) as well as differences in mean calf-cow ratios in different regional areas.
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Inspection of estimates relative to predictions suggests a relatively similar positive
trend in all areas except Prince Charles Island, which also did not exhibit an increase
in abundance between 2014 and 2025 (Figure 43). The most apparent trend occurred

on South Baffin, which had the most survey data.
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Table 19.  Survey Flight hours by survey region 2015-2021.

FLIGHT HOURS
YEAR | SEASON North Baffin | Central Baffin | South Baffin
2015 Fall 28.6 38.5 29.3
Spring NC 86.3 86.3
2016
Fall 19.6 NC 47.8
2017 Spring 26.2 41.6 36.8
Fall 14.6 NC NC
2018 Spring 18.9 29.1 54.5
2019 Spring NC NC 61.0
2021 Spring 31.6 NC 38.4
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Table 20. Spring and fall composition results Oct 2015 to April 2021 (NS=Not
sampled; NR=Not recorded).

< © 0 |o
E o w o Q e °<-i b4 9 o
YEAR LOCATION 2 g £ = = 52 |25 2
w w —_ O~ [=
= % @ 28 |&F
. SPRING NS NS NS NS NS NS
North Baffin Island FALL 77 76 NR 55 71 208
. SPRING NS NS NS NS NS NS
so1s Central Baffin Island FALL 39 29 NR 28 72 96
Prince Charles Island SPRING NS NS NS NS NS NS
FALL 189 126 NR 133 70 448
. SPRING NS NS NS NS NS NS
South Baffin Island FALL 64 46 NR 49 77 159
. SPRING NS NS NS NS NS NS
North Baffin Island FALL 94 54 NR 54 57 202
. SPRING 67 25 10 23 34 125
so16 Central Baffin Island FALL NS NS NS NS NS NS
Prince Charles Island SPRING 328 204 76 82 25 690
FALL NS NS NS NS NS NS
. SPRING 222 151 29 49 22 451
South Baffin Island FALL 196 126 42 81 41 445
. SPRING 120 64 23 47 39 254
North Baffin Island FALL 139 74 17 86 62 316
. SPRING 1 6 0 1 100 8
»o17 Central Baffin Island FALL NS NS NS NS NS NS
Prince Charles Island SPRING 351 133 57 114 32 655
FALL NS NS NS NS NS NS
. SPRING 249 181 75 92 37 597
South Baffin Island FALL NS NS NS NS NS NS
. SPRING 36 36 5 21 58 100
North Baffin Island FALL NS NS NS NS NS NS
- SPRING 33 40 7 18 55 98
»o1s Central Baffin Island FALL NS NS NS NS NS NS
Prince Charles Island SPRING 161 73 37 31 19 302
FALL NS NS NS NS NS NS
. SPRING 401 277 100 155 39 933
South Baffin Island FALL NS NS NS NS NS NS
. SPRING NS NS NS NS NS NS
North Baffin Island FALL NS NS NS NS NS NS
. SPRING NS NS NS NS NS NS
»o15 Central Baffin Island FALL NS NS NS NS NS NS
Prince Charles Island SPRING NS NS NS NS NS NS
FALL NS NS NS NS NS NS
. SPRING 664 465 108 347 52 1,584
South Baffin Island FALL NS NS NS NS NS NS
. SPRING 87 44 6 55 63 192
North Baffin Island FALL NS NS NS NS NS NS
. SPRING NS NS NS NS NS NS
2021 Central Baffin Island FALL NS NS NS NS NS NS
Prince Charles Island SPRING NS NS NS NS NS NS
FALL NS NS NS NS NS NS
. SPRING 805 392 158 379 47 1,734
South Baffin Island FALL NS NS NS NS NS NS
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Table 21.  Logistic regression analysis parameters for analysis of regional trends
in calf cow ratios. The parameters are on the logit scale with t-tests of
parameter significance.

Term Estimate | Std. Error | t value | Pr(>|t])
(Intercept) -401.796 291.885 -1.377 0.202
North Baffin Island -0.739 0.648 -1.140 0.284
Prince Charles Island -1.639 0.655 -2.504 0.034
South Baffin Island -1.279 0.583 -2.194 0.056
Year 0.199 0.145 1.378 0.201
Central Baffin Island North Baffin Island
100 . | 100 I
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Figure 43 Spring calf/100 cow ratios expressed as a percentage for each of North
Baffin, South Baffin, Central Baffin and Prince Charles Island groupings
of caribou. Also shown are logistic regression predictions of trend in
calf cow ratios with confidence limits given as shaded areas.
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5.0 DISCUSSION

5.1 Baffin Island Populations/Subpopulations

No conclusive quantitative assessment of caribou population and/or subpopulation
structure has been reported for Baffin Island. Ferguson was the first to report three
populations across Baffin Island; the North Baffin population, the South Baffin
population and the Northeast Baffin population (Ferguson, 1993; Ferguson and
Gauthier, 1992; Ferguson et al., 1998). The delineation of these populations was
based largely on Inuit knowledge with the first published boundaries released in 1992
(Ferguson and Gauthier, 1992; Ferguson, 1993) (Figure 44). Ferguson also described
differing ecotypes and/or migratory types within the defined south Baffin population,
suggesting that three subpopulations make up the south Baffin caribou population
(Ferguson, 1993; Ferguson et al., 1998).

The most recent attempt to delineate distinct behavioral groupings of barren-ground
caribou across Baffin Island was reported in Campbell et al. (2015). Campbell et al.
(2015) examined the location data from 71 collared Baffin caribou cows collected
between 1987 and 1994, as well as the location data of 31 collared north Baffin caribou
cows collected between 2008 and 2011 (Campbell et al. 2015; Jenkins and Goorts,
2011, Ferguson 1988). The location database was not temporally consistent, covering
a period of high abundance (1987-1994) and low abundance (2008-2011) creating
temporal gaps and associated challenges in its interpretation. Additionally, the amount
of data was small and as a result limited in statistical certainty and as such was limited
in its reliability. Though the data was limited, and its collection period variable, the

Kernal analysis between the two time periods agreed strongly with model results
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displaying very little mixing between groupings. In the case of the north Baffin
grouping, this lack of mixing was present within both high and low abundance phases.
North Baffin collared caribou cows displayed no tendency to switch with 100% of all
collars captured within the defined north Baffin annual range, both between the 1987
to 1994 deployment and 2008 to 2011 deployment, remaining within that annual range
(Figure 6). Unfortunately, no other annual or seasonal delineations for Baffin Island
caribou have been reported. Therefore, the kernel analysis of the existing data
provides important information to help better understand potential caribou
subpopulation structure on Baffin Island. Though the data is limited, these preliminary
analyses have provided insights into long-term Baffin Island caribou behavioral
groupings that remain consistent with the March 2024 south Baffin abundance survey
caribou distributions, and observations further adding support to the 2015 findings.

These surveys were successful in documenting a large increase in caribou in the
survey area in all survey strata. Overall estimates were relatively precise compared to
previous surveys which was partially due to the large increase in sample sizes
(Campbell et al. 2015). The observed rate of increase of 25% per year (Cl=22-28%)
is similar to observed rates of increase on introduced island populations of caribou with
minimal hunting and predation pressure (Heard 1990). These increases were largely
driven by increases in the Central Baffin, Meta-Incognita, Hall, and Foxe Peninsula’s
stratums. We also note that there is no direct evidence of collar movement which
would have caused an overestimation between the 2024 and 2025 strata due to double

counting.

Modelling of the survey data was challenged by certain situations where detection rates
were low, and observers were unable to switch. The helicopter data was especially
problematic in that at face value it was suggested that detection probabilities were low.
The removal model does not perform well when detection rates are low and as a result
estimates using the removal model were extremely imprecise and not reliable. To
offset this issue the helicopter strata was modelled separately using distance sampling
only. This may result in a slightly conservative estimate for the helicopter strata,

however, there is no straightforward way to model this data set in its current form. In
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future surveys an independent observer method should be considered for situations

where there is no way for observers to switch places.

Inclusion of data recorder data for 2 weak observer pairs provided one approach to
offset issues with observers that miss a substantial portion of caribou. With double
observer methods it is difficult to model observer probabilities if both observers are
weak since in the end, they both miss many caribou and therefore their estimate of
sightability using the ratio of detections/non-detections will likely be biased high,
leading to negatively biased abundance estimates (Laake and Collier 2024). Always
having a strong observer on each side of the plane and having observers switch is
essential to manage this issue. Inclusion of data recorder observations is essentially
ad-hoc and less likely to provide as reliable an estimate when compared to using strong
pairs of experienced observers.

Sensitivity analyses revealed that using distance sampling with all data recorder
observations (without modelling double observer probabilities) provided estimates that
were within 1-2% of the double observer/distance sampling approach. In this case,
the data recorder observations help meet the assumption of sightability on the line
being perfect while avoiding the complexities and assumptions of the double observer
models. This approach may be viable if there are relatively strong observers and data
recorders who actively search for caribou missed by the observers. We suggest this
approach be used in unison with the double observer method in future surveys as a

possible solution to offsetting these possible biases.
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Reported Baffin Island Caribou Historic
Population Boundaries
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Figure 44. Caribou population divisions on Baffin Island after Ferguson (1993)
and Ferguson and Gauthier (1992). Divisions based largely on IQ
and not substantiated with genetic analysis and/or long-term spatial
affiliations based on telemetry (Campbell et al. 2015).

104

Nunavi



5.2 Drivers of Observed Trend

The recovery of the Baffin Island caribou population within the 10-to-11-year span
between the March 2014 and March 2024 and 2025 surveys was remarkable and
obvious across most Baffin Island survey strata. The estimated annual rate of change
of 1.25 (Cl=1.22-1.28) translates (Table 18) to an annual rate of increase approaching

some of the highest rates of increase recorded for caribou.

5.21 Comparison with other studies and underly demography

Annual rates of increase of 25% (Cl1=22-28%) observed on Baffin Island, parallels rates
of increase for introduced caribou populations with minimal hunting and predation
pressure. Heard (1990) estimated the intrinsic rate of increase (r») (which is the slope
of a linear regression of the log of population size and year) for 8 introduced island
populations. The annual rate of change (L), as estimated in this study, can be
calculated as the exponent of the year slope term (r») from the regression analysis of
a heard (Table 22). Based on Heard’s (1990) work, the mean annual rate of change
of caribou (with no predations or hunting) was 1.29% (sd.=0.03, min=1.23%,
max=1.34%, n=8) which is similar to the 1.25% observed on Baffin Island. The
increase in populations for many of the islands considered in Heard (1990) were in the
range of 10 years further suggesting that large increases can span across many years

if habitat and other factors are supporting.
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Table 22.  Rates of increase of island populations of Caribou from Heard (1990).
Annual rate of increase is equal to annual rate of change-1.

years of Intrinsic rate of | Annualrate of change
Population increase | surveys increase (rn) A=e'm
Barff 10 4 0.29 1.34
Brunette Isl. 5 6 0.27 1.31
Belcher Isl. 4 2 0.28 1.32
St George Isl. 6 7 0.26 1.30
Adak Isl. 8 2 0.25 1.28
St Mathew Isl. 13 2 0.25 1.28
Southhampton Isl. 20 3 0.23 1.26
St Paul Island 7 8 0.21 1.23
Mean 0.26 1.29
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The Southampton Island analysis of Heard (1990) applies to the period of 1967 when
48 caribou were introduced in 1967 when Heard (1990) estimated the population at
5,400 caribou by 1987, suggesting an estimated rate of increase of 26%. Campbell et
al (2020), and Campbell and Boulanger (2024), analyzed the period from 1987 to 1997
where the population continued to increase at 18% per year until 1997 when it reached
29,425 after which time it declined sharply to 7,287 caribou by 2011. The rate of
increase for Southampton Island likely decreased as it neared carrying capacity as well
as due to increasing harvest pressure. During the period harvest pressure was
exacerbated by the sale of caribou meat through the internet to Baffin Island
communities that were having difficulties finding caribou on Baffin Island due to the

caribou declines ongoing across the island.

The main assumption for the results of the Heard (1990) findings that we believe
directly applied to Baffin Island caribou, was that post 2014, predation and hunting
mortality was low on Baffin Island, while productivity was high. We speculate that
caribou populations on Baffin Island were reduced to very low levels prior to the 2012
and 2014 survey allowing range conditions to improve which in turn lead to an increase
in the abundance and quality of forage, ultimately translating into higher levels of

productivity.

Heard (1990) also developed and used a population model to estimate maximum rate
of increase of caribou populations. The results of this modelling exercise suggest that
the rates of growth for barren-ground caribou could reach as high as 36% per year if
female caribou pregnancy rates approached 100% starting at the yearling age class,
and adult female survival approached 100% until age 20 when they would reach 100%
mortality. This scenario is not biologically possible over long time periods but does put
a ceiling on rates of increase in the unlikely event that the majority of female caribou
are able to reach these milestones. We would also advise that strata-specific
estimates of increase (Figure 42) were potentially influenced by movement between
strata that occurred over the 10-year period in-between surveys and therefore the best

estimate of trend is for the entire island is one that pools all surveys strata.
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5.2.2 Using a Matrix Model to Determine Rate of Change

A stage-based matrix model based on caribou demographic analyses (Boulanger et al
2011, Boulanger et al 2024, Campbell et al 2025, Caswell 1989, Thomas et al. 2009)
was used to further explore the levels of adult survival, calf survival, and pregnancy
rate needed to achieve observed levels of increase on Baffin Island, and specific to
caribou females (males not included). For this model adult female survival was varied
from 0.8 t0 0.96, calf survival from 0.35 to 0.98 with adult female pregnancy set at 0.95.
Yearling survival was assumed to be equal to adult female survival. In addition, it was
assumed 70% of yearlings (22 month old caribou during the fall rut) bred each year
which is often the case with increasing populations (Parker 1981, Thomas and Kiliaan
1998). For example, Parker (1981) found that 43% of yearlings bred for the George
River Herd during a population increase, while Heard (1990) assumed all yearlings
bred. Finally, a sex-ratio of 0.57 favoring females was considered. Also, Thomas and
Killiam found that younger females (ages 1.5-4 years old) produced more females (61-
64 females/50 males). The assumption in this case was that the age structure of a
recovering population would be dominated by younger females. The resulting rate of
change (M) values were then estimated as the dominant eigenvalue of the matrix model
which constitutes the stable annual rate of population change for any combination of
demographic parameters (Caswell 1989). The resulting estimates of annual rate of
change indicate that calf-survival would need to be at least 0.75 and adult female
survival approximately 0.91 or above to create levels of increase of 25% each year
(Figure 45).

It is also possible to estimate calf-cow ratios based on adult female, calf and yearling
survival from the matrix model (Boulanger et al 2011, White and Lubow, 2002). In this

case the spring calf cow ratio is approximated as:
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FaSt/ses

CC = £
S;/ses +0.55/365

y

where F;is pregnancy rate, S; is calf survival, Sris adult female survival, S, is yearling
survival and t is the time interval from birth of calves on the calving ground to the March
composition survey (assumed to be 270 days). The corresponding calf-cow ratios for
the parameter range in Figure 43 suggest that calf-cow ratios of at least 0.5 resulted
when population increase was 1.2 (20% increase) or above. The calf-cow ratio varied

with underlying levels of adult female and calf survival (Figure 46).

The main inference from this modelling exercise, similar to those developed by Heard
(1990), is that very high levels of survival and productivity are required to produce rates
of increase observed on Baffin Island. This finding highlights the importance of
continued monitoring of productivity, harvest, and survival as an index of the rate of
increase of caribou populations. Building on this discussion, we propose that the
observed increase documented for Baffin Island caribou between March 2014 and
March 2024/2025, can be attributed to several interacting mechanisms at work
between these respective survey years. However, we suggest the main mechanisms
of recovery were the result of co-management endorsed harvest restrictions, minimal
predation pressure, high productivity, mild winters, limited anthropogenic activities in
sensitive caribou seasonal range, and accessible abundant forage. A likely
contributing factor was the large-scale decline in caribou numbers first evident around
2010. This reduction would have been consistent with the subsequent recovery of
likely overgrazed seasonal range ultimately leading to the development of favorable

range conditions, particularly in terms of forage abundance and quality.
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Annual rate of change (A)
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Figure 45. Results of stage-based model estimates of annual rate of change (1)
under varying levels of adult and calf survival.
indicate levels of stability (A=1) and the observed rate of increase on

Baffin Island (A=1.25).

The dotted lines
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Figure 46. Calf-cow ratios from spring surveys resulting from ranges of adult
female and calf survival simulated in Figure 50.
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5.2.3 Baffin Island Caribou Herd Productivity

Understanding how to use the cow to calf ratio as an index for population trend is
difficult without a Baffin Island specific baseline developed using paired quantitative
composition and abundance survey results through time. Until a baseline is developed
for Baffin Island caribou, we suggest the use of pre-existing baselines developed for
mainland barren-ground caribou. At present, the only, and most similar baseline for
barren-ground caribou has been developed by the Government of the Northwest
Territories (GNWT). These developed calf to cow ratios suggests that a stable to
increasing barren-ground caribou population would display 70-90 calves/100 cows at
calving, 50-70 calves/100 cows during the fall rutting period, and 30-50 calves/100
cows during spring (Adamczewski et al. 2009; Tobey 2001; Gunn et al 2005). For
Baffin Island, given the very low densities of wolves observed during aerial surveys
and equally infrequent observations of wolves reported by Baffin Island hunters, we
suggest that spring cow to calf ratio threshold values developed by the GNWT are
likely much higher than what would apply to Baffin Island caribou. We advance this
conclusion primarily because wolf predation levels on Baffin Island have been and
likely, at least in the short term, continue to be far lower than those suggested for the
Bathurst and Bluenose caribou herds of Nunavut and the NWT, which were used to
develop these thresholds. Additionally, there are no grizzly bears on Baffin Island and
only rare sightings of wolverine on the northwestern extents of Baffin Island just across
from Melville Peninsula. Both these mammals are known predators of mainland

barren-ground caribou.

Given the low relative densities of carnivores reported across Baffin Island over the
past 20 years, we suggest that human harvest, up until 2015, was the main cause of
predation related mortality for Baffin Island caribou. As such, it was likely the main
mechanism suppressing caribou population growth (caribou harvest will be discussed

in the following sections).
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Productivity, measured in this report as spring calf to cow ratios, and based on how
these ratios relate to overwinter calf survival, was well into the increasing range (above
30%) for most years across all of Baffin Island (Figure 45). Spring calf to cow ratios
for north Baffin reached highs of 58% and 63% for spring 2018 and 2021 respectively,
while highs of 57% and 47% were recorded for the south Baffin in spring 2019, and
2021 respectively. Central Baffin Spring calf/cow ratios, though data deficient, also
showed signs of high productivity, reporting 55% in spring 2021 (the 100% listed value
for spring 2017 was based on the observation of a single cow/calf pair). Additionally,
considering a bull only harvest non quota limitation (NQL) put in effect from 2015
through 2018, bull ratios were recorded to have been within a normal range. Bull ratios
exceeded Tobey’s (2001) findings which concluded that the ratio of 40 bulls:100 cows
represents a valid benchmark for the number of bulls required in a population to ensure

all cows are bred successfully (Tobey 2001).

Productivity can be influenced by pregnancy rates as well as age of first breeding, and
sex ratios at birth. Related to this is the underlying age structure of the population.
Populations that have good nutrition may make it possible for proportions of yearling
caribou (18 months at fall rut) to breed therefore increasing productivity. For example,
Parker (1981) found that 43% of yearlings bred for the George River Herd during an
increase. Thomas and Killiam (1998) and Thomas et al (1989) found that younger
females (ages 1.5-4 years old) produced more females (61-64%) at birth. If
productivity is high, it would be likely that age-structure may shift toward younger
females therefore increasing overall productivity. The increasing trend in calf-cow
ratios (Table 21 and Figure 43) does suggest that productivity was high and increasing
which would support higher pregnancy rates, higher calf survival, and potentially

female-skewed sex ratios at birth.

524 Harvest Management Pre-2015

Since the mid to late 1990s, local hunters across Baffin Island have reported

decreasing caribou numbers, and as of 2013, many hunters reported that they had to
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travel further from their communities to locate caribou (Jenkins et al. 2012; Jenkins and
Goorts 2013, Department of Environment 2013). These observations were also
supported by scientific studies of the time. GN ENV flew a caribou abundance survey
across southern Baffin Island in March/April/May 2012 (Jenkins et al. 2012). Poor
weather extended the survey period well into the spring migratory period, and melting
conditions encountered toward the end of the survey period created difficulties with
caribou sightability; However, Jenkins did report an estimated 1,484 yearling, adult,
and calf caribou across southern Baffin including Prince Charles Island. These results
supported hunter reports of a substantial reduction in South and central Baffin Island
caribou abundance. At thetime Jenkins et al. (2012) suggested that the observed and
reported declines may be due to a combination of factors including but not limited to
climate change, resource exploration and development, and extensive and widespread
harvest (Vors and Boyce 2009, Jenkins 2011, Fiesta-Bianchet 2011). At the same
time there was concern that these hypothesized mechanisms of decline were limiting

the chance of recovery for some, if not all, Baffin Island caribou populations/groupings.

The only published documentation of pre-2015 caribou harvest across Baffin Island is
the 2004 Nunavut Wildlife Management Board (NWMB) Nunavut Wildlife Harvest
Study (NWHS) (Priest and Usher 2004). The study utilized community-based door to
door surveys during which community assigned field workers interviewed 67% of
registered hunters within each community, each month. Registered hunters were
randomly selected from each community based on a list generated using statistics
Canada data, Inuit Beneficiary enrollment lists, and General Hunting licence (GHL)
holders. It was the fieldworker’s role to assess the hunter’s harvesting intensity which
categorised hunters into three classes: 1-Intensive, 2-Active, and 3-Occasional. Using
the data collected through this process, wildlife harvest estimates were generated
monthly for each of the June1996 through May 2001 harvesting years. As not all
communities provided data for the June 1996 to May 1997 harvesting year, we
assessed harvest based on the June 1997 through May 2001 harvesting years for all
Baffin Island communities. Based on harvest study findings, 19,113 caribou were
harvested from south Baffin communities, 9,616 caribou from North Baffin
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communities, and 3,099 from central Baffin communities between June 1997 and May
2001 (Table 23; data from 1996 excluded due to incompleteness). This suggests an
annual harvest across all of Baffin Island of approximately 7,957 caribou of unknown
age and sex between June 1997 and May 2001. Given a well accepted low risk
estimate of sustainable harvest of 5% (Bathurst Caribou Advisory Committee 2021;
Bathurst caribou management plan), a sustainable harvest based on the NWHS
harvest estimates would require a population of approximately 39,785 caribou to be

sustainable.

The earliest Island wide quantitative estimate of Baffin Island caribou abundance was
developed in March 2014, at which time Campbell et al. (2015) estimated 4,645 adult,
yearling, and calf caribou (95% Cl=3,667-5,884, CV=12.1%). Within the south Baffin
region, a partial survey of the Island in March/April/May of 2012 found similar low
densities of caribou to those observed in 2014 (Jenkins et al., 2012; Campbell et al.,
2015), while within the north Baffin region, reconnaissance data from a telemetry
program run between 2008 and 2011 suggested similar low densities of caribou to
those observed in 2012 and 2014 (Jenkins and Goorts, 2011). We suggest that based
on this information, it is likely that the subsistence harvest had been above sustainable
levels for several years prior to 2008, suggesting that low numbers of caribou could
have persisted since the late 1990s to early 2000’s as supported by consultation
reports (Jenkins and Goorts 2013; Jenkins et. al. 2012).

If these assessments reflect the Baffin Island demography of the period, we expect
that caribou seasonal range would have had a chance to recover over the approximate
20-year period between the first reports of declining caribou on or about 1995, and the
initiation of harvest restrictions in 2015. We suggest that the Baffin Island caribou
population would have started to increase in abundance far sooner, were it not for a
subsistence harvest which was suspected to have been above sustainable harvest
levels over that same period. This condition of a suspected harvest related
suppression of caribou population growth, could have allowed caribou seasonal range
and forage to have made a more complete recovery from previous population highs, a
condition that could express itself in the form of high rates of productivity and growth

within the remaining low densities of caribou across the Island. Additionally, hunter
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reports and survey findings all suggest low densities of wolves across the Island further

benefiting calf survival and downstream productivity and growth.

5.2.5 Harvest Management Post-2015

Following the March 2014 whole Baffin Island abundance estimate, significant caribou
declines across Baffin Island were confirmed quantitatively. Immediately following the
release of the 2014 Baffin Island caribou survey report and results on November 1%,
2015, the Government of Nunavut Department of Environment (GN ENV) initiated a
moratorium on caribou harvesting across Baffin Island through a ministerial
management initiative. This prompted the fast tracking of the Nunavut Wildlife
Management Boards (NWMB) assessment process including the establishment of
harvest management actions through their GN ENV, Regional Wildlife Organization
(RWO), and Hunters and Trappers Organization (HTO) inclusive co-management
process. By August 2015, the NWMB, through multiple meetings and discussions with
the GN ENV, Qikigtaaluk Wildlife Board (QWB), Nunavut Tunngavik Incorporated
(NTI), and the community HTOs of Arctic Bay, Pond Inlet, Igloolik, Sanirajak, Clyde
River, Qikigtarjuag, Pangnirtung, lgaluit, Kinngait, and Kimmirut, agreed to a whole
Island Total Allowable Harvest (TAH) of 250 caribou, and the establishment of a Non-
Quota Limitation (NQL) of a male only harvest (Table 23).

The TAH and associated NQL restricting female harvest remained in effect from
August 27™ 2015, to September 18", 2019, at which time they were re-assessed
based on both scientific and 1Q evidence of increased caribou abundance in some
areas across Baffin Island. This new information primarily included evidence of high
indices of productivity derived from semi-annual GN ENV fall and spring composition
studies coupled with harvester reports and 1Q, suggesting recovery of the Baffin Island

caribou population in some areas.
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The NWMB re-assessment first reviewed in June 2019, acknowledged the positive
signs of recovery submitted by the GN ENV and the QWB, and by September 19,
2019, rendered a decision to allow for the modification of the NQL to include up to 25
females within the 250 caribou TAH. As early signs of recovery continued to be
reported by all Baffin Island stakeholders, NWMB and their co-management partners
re-convened on June 16, 2022, to re-examine all Baffin Island Caribou TAH’s and
NQL’s. Based on submissions by the GN ENV and QWB, the NWMB, on July 5",
2022, rendered a decision to increase the TAH of Baffin Island caribou from 250 to 350
caribou for the 2022/2023 harvest season. This decision also allowed for an annual
increase of the TAH by 50 caribou in the 2023/2024 harvest season, and each year
following for the next 8 years or until additional information on the herd suggested
otherwise. Additionally, the NWMB allowed for a modification to the NQL allowing for
an increase of the female proportion of the TAH from 25 to 75 for the 2022/23 harvest
season, with further allowance for an annual increase to the proportion of female
caribou within the assigned TAH to 20% in the 2023/2024 harvest season and each
year after that for the next 8 years or until new information on the herd suggests
otherwise. As of November 15!, 2025, the current TAH stands at 500 caribou 100 of
which could be female (Table 24 and 25).

The dramatic lowering of the caribou harvest across Baffin Island by the NWMB and
approved by the GN Minister of Environment, we believe, set the stage for the dramatic
recovery of the Baffin Island barren-ground caribou population. Total harvest dropped
from an annual high of 7,957 caribou including females in the late 1990’s and early
2000’s, to 0 caribou by August 2015, then to a 250 per year male-only harvest for 7
years, for a total of 1,750 legally harvested caribou since 2015. This level of harvest
shows a 97% reduction over the subsistence harvest estimated just 13 years prior. Of
equal importance was the extremely low female harvest over the same period. During

this same 7-year period only 25 females were legally harvested.

Though TAH’s increased as did female proportions of the harvest beginning in 2022,
it remained well below pre-TAH harvest estimates as did the female proportions of the
annual harvest. In all, substantial reductions in the estimated harvest of caribou and

the proportion of females harvested lasted just over 10 years, extending from October
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2015 to present. We suggest that this dramatic reduction in overall harvest as well as
the reduction in the female proportion of that harvest, was the main mechanism of the
observed recovery documented within the 2024 and 2025 Baffin Island survey
estimates. High productivity was key to the strong recovery as well and was likely the
result of an extended period of harvest induced low caribou abundance, and the
resultant recovery of preferred herbaceous vegetation used as forage by caribou

throughout their annual cycle and across all seasonal range.
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Table 23. Pre-2014 estimates of Baffin
communities. Data summarized from the NWMB Nunavut Wildlife
Harvest Study (2004).

Island caribou harvest for

Harvest Year Female
. Estimated Reported
(July 1-June TAH Proportion Harvest Harvest
30) of TAH
1997/1998 Unlimited ? 8,669 Unreported
1998/1999 Unlimited ? 8,479 Unreported
1999/2000 Unlimited ? 6,578 Unreported
2000/2001 Unlimited ? 6,739 Unreported
Baffin Totals | Unlimited ? 30,465 Unreported

Table 24.

all

Post-2014 Caribou harvest data for all Baffin Island by harvest year.

Not all illegal harvest could be accurately quantified. Actual harvest
may have exceeded indicated harvest rates due to illegal harvest.
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2015-2016 250 183 0 67
2016-2017 250 229 0 21
2017-2018 250 233 0 17
2018-2019 250 236 0 14
2019-2020 250 247 25
2020-2021 250 247 25 3
2021-2022 250 245 25 5
2022-2023 350 352 75 -2
2023-2024 400 421 80 -21
2024-2025 450 422 90 0
Totals 2,950 2,815 320 107
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Table 25. Post-2014 caribou harvest data by community and harvest year (not all illegal harvest could be accurately
quantified. Actual harvest may have exceeded indicated harvest rates).

2015-2016 | 2016-2017 | 2017-2018 | 2018-2019 | 2019-2020 | 2020-2021 | 2021-2022 | 2022-2023 | 2023-2024 | 2024-2025
TAH |HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH [HVST| TAH |HVST| TAH |HVST| TAH |HVST| TAH [HVST| TAH |HVST
ARCTIC BAY 30 9 25 | 12 1 20 | 17 | 20 | 20 | 19 | 19 | 19 | 19 | 19 | 13 | 26 | 23 | 30 | 30 | 34 | 34

COMMUNITY

CLYDE RIVER 30 ( 25130 |30 |32 |30 |32 |30 |31 (29|31 |29 |31 |31 |37 |2 | 41 |41 |43 | 43

IGLOOLIK 10 0 10 7 12 | 11 | 12 | 10 | 10 | 13 | 10 | 13 | 10 | 12 | 25 | 41 | 31 | 23 | 40 | 34

IQALUIT 30 | 30 | 35 | 41 | 41 | 40 | 41 | 41 | 43 | 43 | 43 | 43 | 43 | 45 | 64 | 64 | 74 | 119 | 53 | 67
KIMMIRUT 30 | 30 | 31 | 31 | 33 |33 |33 |33 |35 |35 |35 |35 |35 |35 |42 |42 |45 |45 |5 | 48
KINNGAIT 30 (13 | 25 |18 | 20 | 19 | 20 | 19 | 20 | 21 | 20 | 21 | 20 | 21 | 38 | 37 | 43 | 38 | 52 | 52

PANGNIRTUNG 30 | 22 | 31 |31 |33 |33 |33 |35 |35 |35 |35 |35 |35 |36 |47 |47 |5 |53 | 58 | 58

POND INLET 30 | 30 | 32 | 33 | 34 |33 |34 |24 |34 |36 | 34 |36 | 34 |41 |46 | 49| 52 |58 | 46 | 46

QIKIQTARJUAQ 30 | 24 | 31 | 26 | 25 |17 | 25 | 24 | 23 | 16 | 23 | 16 | 19 9 17 | 15 | 20 | 10 | 30 | 24

SANIRAJAK 0 0 0 0 0 0 0 0 0 0 0 0 4 2 8 8 11 4 16 | 16

BAFFIN TAH 250 | 183 | 250 | 229 | 250 | 233 | 250 | 236 | 250 | 247 | 250 | 247 | 250 | 245 | 350 | 352 | 400 | 421 | 450* | 450*

* = The full legal TAH allocation for Baffin Island was not distributed by the QWB during this harvesting season.
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6.0 CONCLUSIONS

The Baffin Island 2024/2025 abundance survey documents a successful implementation
of the Nunavut co-management caribou harvest management system. The data presented
in this report suggests the north, central, and south Baffin caribou groups or herds, may
have had a prolonged declining phase due to the proportionally high rates of harvest that
continued following the onset of a declining phase. Based on anecdotal observations and
numerous community consultations undertaken across Baffin Island over this period, this
likely began in the early 2000’s. Additionally, low densities of predators (particularly the
wolf), and the absence of mainland predators (e.g. wolverine and grizzly bear), suggest
that predation had little effect on the demographic trends of Baffin Island caribou over this
same period. Similarly, prolonged periods of adverse weather or evidence of sustained
reproductive disease were not apparent from the early 2000’s to present and as a result

could not directly account for the prolonged period of low caribou abundance in our opinion.

Following the 2015 activation of harvest management restrictions, ongoing monitoring
studies showed a gradual movement of caribou back into previously well-known caribou
habitat, with the concurrent effect of documented increases in relative densities
documented using IQ and productivity-based classification studies. Beginning in 2015, the
Baffin Island caribou harvest was dramatically reduced from an estimated 7,616 caribou
annually to 250 caribou annually with an accompanying bull only NQL, clearly paving the

way to the dramatic increases seen in the most recent population assessment.

We hypothesize that the prolonged low numbers of caribou across the Island allowed for
previously overgrazed range to strongly recover, offering nutritious and abundant forage
to Baffin Island caribou now provided substantial relief from extensive harvesting activity.
Additionally, density dependant disease would have been substantially reduced as relative
densities of caribou across the Island continued to decline and remained low well into the

post-2015 recovery period.
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We suggest the results presented in this report highlight a success story brought about by
the working together of Baffin Island community HTO'’s, the QWB, and the Government of
Nunavut, all under the umbrella of the NWMB and their primary role as the main instrument
of wildlife management. We suggest that next steps should acknowledge and utilize the
success of the Baffin Island caribou management structure as we move forward. Based
on the March 2014 Baffin Island survey estimate (including Prince Charles Island) of 4,652,
the NWMB, in discussions with the GN ENV, Baffin HTOs, and the QWB, assessed a TAH
and NQL of a 250 caribou male only harvest as being consistent with the recovery of the
Baffin Island caribou population. This assigned TAH represented a 5% harvest rate based
on the 2014 estimate, proving successful in fostering the strong observed recovery over
the 7 years it was in effect. The NQL applied would have also contributed to the strong
recovery of the herds. During the first 4 years female harvest was restricted and for the
next 3 years only increased to 25 out of the TAH of 250, thus strongly protecting the
reproductive potential of the population through the protection of breeding females.
Though management decisions made to address the Baffin Island caribou declines were
reflective of multifaceted approaches and recommendations expressed by Nunavut
stakeholders and management authorities, there is published literature supporting this
management approach from studies conducted on mainland barren-ground caribou herds

(Boulanger and Adamczewski 2016).

One of the major challenges of monitoring the Baffin Island populations is the high expense
of population surveys to provide trends in the abundance of caribou. Because these
surveys are expensive and logistically demanding, they are often carried out infrequently,
which can result in data gaps. This hampers our ability to detect changes in population
dynamics in a timely manner. One means of addressing this is the use of Integrated
Population models (IPM) (Schaub and Kery 2022), which have been successfully applied
to the Beverly (Campbell et al 2025), Bathurst, and Bluenose-East (Boulanger et al 2024)

herds.

IPMs can combine estimates of abundance, productivity (calf-cow ratios), collar survival
(through the establishment of telemetry programs), and harvest monitoring, to estimate

demographic trends. IPMs use an underlying population model (similar to that described
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in Figure 45) to reconcile trends suggested from each data source. It can therefore be
used to predict trends based on levels of productivity and harvest. While collar-based
survival is not necessarily a requirement of IPMs, this information can add additional
confidence in model results and reliability. In the absence of collared-based survival data,
an IPM can still be used to help determine what level of survival is required to maintain the
observed trend in survey results given observed levels of productivity (calf-cow ratios) and
harvest. This approach would certainly become viable if calf-cow ratio surveys were
conducted in a systematic way both temporally and spatially across Baffin Island. Ideally,
collar data could be tracked consistently to assess survival rates, aid in locating and
studying overwinter calf survival in a way representative of Island subpopulations or
groupings, identify caribou groupings and movements to improve on methods and
precision of demographic monitoring studies such as abundance surveys, and delineate
seasonal range and migratory corridors and behaviour and any long-term changes to the

same.
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7.0 RECOMMENDATIONS

Disclaimer:

The recommendations section represents the opinions and recommendations of the Government of
Nunavut, Department of Environment, Wildlife Research Division Staff, and do not necessarily reflect the
opinions of the Government of Nunavut as a whole or all the authors contributing to this report.

Based on the findings of this report, we recommend a continuation of the harvest
management regime set out by the NWMB. We suggest a harvest rate of 5% continue to
be applied, which would suggest an island wide TAH of 2,334 caribou (based on the
2024/25 abundance estimate), with the maintenance of the NQL allowing 467 (20%) of the
TAH to be females. We also recommend a NQL restricting the harvest of cow/calf pairs.
We further recommend that this TAH and associated NQL, remain in place under the same
harvesting regime most recently updated by the NWMB in 2022 (allowing for the TAH to
increase by 50 caribou annually, of which 20% can be females without calves in tow), for
a period of 5 to 7 years, or until new information suggests a re-assessment of these
management actions. We further recommend that spring composition studies continue
every 2 years to monitor herd productivity and indices of general abundance and trends.
Finally, we recommend that a telemetry program be maintained within each of the north,

central, and south Baffin caribou ranges to:

1- develop a better understanding of Baffin caribou critical seasonal range.
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2- assess, predict, and mitigate (to the extent possible), any conflicts, disturbance
effects, or herd-level impacts caused by industrial development and associated

infrastructure on or impacting caribou seasonal range.

3- provide more detailed critical caribou range maps to better inform the Nunavut

Land Use Planning process.

4- better understand north, central, and south Baffin caribou migratory corridors to
help ensure these areas are not compromised by linear infrastructure of other land

use related impacts.

5- further monitor caribou mortality for associated assessments of herd health and
vulnerability primarily through the estimation of adult female survival rates through

the tracking of collar data.

6- help locate caribou for more precise and cost-effective monitoring work including
but not limited to systematic spring composition surveys to monitor herd productivity
by region, regional abundance and reconnaissance surveys, and ecological land

classification studies of caribou seasonal range.

At the end of this 5-7-year period, we further recommend that a re-assessment (either
through abundance or reconnaissance aerial surveys) of the Baffin Island caribou
population be considered, to provide more quantitative information with which to re-assess
the existing TAH and associated NQLs. Ifimplemented, these recommendations will help
detect and address any negative impacts to Baffin Island caribou demographics arising
from anthropogenic causes. We believe these measures will help safeguard Inuit

subsistence harvesting rights, as guaranteed within the Nunavut Agreement.
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TAH PO HARVEST | HARVEST
EEDE OF TAH
JUNE 30)
1997/1998 | UNLIMITED ? 8,669
1998/1999 | UNLIMITED ? 8,479
1999/2000 | UNLIMITED ? 6,578
2000/2001 | UNLIMITED ? 6,739
BAFFIN UNLIMITED ? 30,465

T _a = 2

» 32 o =

< 7 o T A=

@ = »— |do 2 @

EJ. P = o —_. E =

I ) Ig 2 2,

=< 3 o| P

1] -3 P =] —

L -0 o F

B 4 = <
2015-2016 250 183 0 67
2016-2017 250 229 0 21
2017-2018 250 233 0 17
2018-2019 250 236 0 14
2019-2020 250 247 25 3
2020-2021 250 247 25 3
2021-2022 250 245 25 5
2022-2023 350 352 75 -2
2023-2024 400 421 80 -21
2024-2025 450 422 90 0
Totals 2,950 2,815 320 107
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		Harvest Year

(July 1-June 30)

		TAH

		Female Proportion of TAH

		Estimated Harvest

		Actual Harvest



		1997/1998

		Unlimited

		?

		8,669

		



		1998/1999

		Unlimited

		?

		8,479

		



		1999/2000

		Unlimited

		?

		6,578

		



		2000/2001

		Unlimited

		?

		6,739

		



		Baffin Totals

		Unlimited

		?

		30,465

		








Baffin Island Caribou Groupings Annual Ranges
Based on Telemetry

B sutpopulation Range Overtap

- South Baffin Group/Subpopulation Range
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2014 PPC o T bP>ANCCP VS

2014 Baffin Island Survey Area

i

o The Baffin Island Caribou March 2014 Abundance Survey
5 Transects & Extents

Island Survey - March 2014
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2024-2025 Baffin Island Survey Area

g—— =,
— ,,z""'\li; -4 The Baffin Island Carbou March 2024 & 2025 Abundance
- / -4 = L Survey Transects & Extents
[ { if;,_ ., S Poninat —— South Baflin |sland Survey - M arch 2024
f" [.r -l"’-ﬁ'"rﬂw Bay / { MI,,:‘_J — NoAhCent fv iy - Ware
s o
r i3 o E‘: "
Ax, sl
- { 3 [ Ay -
A \ /;H| / Wi Clyde River
Ot W il
{ “ ), f
_‘},_)?‘{ ::::::
S

Nubavut




Date (2024)

D>e_5*L (2024)

BDAEC>I

oA DT

Mar-24 Mar-24 b <
Mar-23 Mar-23 x
Mar-22 Mar-22 x
Mar-21 Mar-21 x
Mar-20 Mar-20 =0
Mar-19 Mar-19 =0
Mar-18 Mar-18 20O
Mar-17 x Mar-17 SO

7}
Mar-16 > m Mar-16 20O
Mar-15 =0 | €| Mar15 X

(=)
Mar-14 > Mar-14 S0

o
Mar-13 X Q Mar-13

Y
Mar-12 X xJ Mar-12

J
Mar-11 b4 A Mar-11
Mar-10 X Mar-10
Mar-09 =0 Mar-09
Mar-08 Mar-08
Mar-07 b4 Mar-07 P
Mar-06 X Mar-06 P
n 2 oobh 20 Y 2 Toes o0
2L URETEE X728 U LSEP S
58S PELS=3 82 Ok 3> ST 8=
wn o) v 2 CD n - M.D O o

| % < T
A 9
P P




PPC 5 D><I*a o LM a 1> <R-<o*< (P C/D>< %)

North Baffin March Movements (km/day)

Fd
6.5 March 2024
(=3
5.5 —_— March 2025
5
a5
& a
E as
3
25
2
1.5
1
0.5
o
1 =3 11 16 21 28 31
Date
PPECH< PN a 1> R-<lo*< (PLIC/D>=%)
Central Baffin March Movements (km/day)
7
6.5 March 2024
(=3
55 March 2025
5
4.5
= a
E 35
= 3
2S5
2
1.5
1
0.5
o
1 (=3 11 16 21 26 31
Date
PP*CH< oMo a Do PLIC/D>-5%)
South Baffin March Movements (km/day)
7
65 Mareh 2024
=
Sk March 2025
5
as
= a4
< 35
= D
25
2
1.5
1
0.5
(e}
1 & 11 186 21 26 31
Date

TS

Nu

navu

f



Flight Tracks and Daily Caribou Movements
Between March 6 and 25, 2025

Collared Caribou ID
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—— Foeed-Wing Flight Tracks March 8-25, 2028

—— Rotn~Wing Flight Tracks March 18-25, 2025
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Baffin Island 2024 and 2025
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PPC _5* 2024 <I'L_> 2025
Baffin Island 2024 and 2025

| Caribou observations
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PPC _5* 2024 <I'L_> 2025
Baffin Island 2024 and 2025

| Caribou observations
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Baffin Island Strata (interval)
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Recommendations <Jc"d7P<¢

Based on the current population estimate, all available scientific
information, and Inuit gaujimajatugangit, the Government of Nunavut
(GN) recommends the Nunavut Wildlife Management Board modify
the existing Baffin Island Total Allowable Harvest to a non sex-selective
harvest of 6,000 caribou annually, representing approximately 12.3%
of the population, with an annual increase of 125 caribou.
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May 14, 2026

Nunavut Wildlife Management Board
310-1106 Ikaluktuutiak Dr.

Iqaluit, Nunavut X0A 3HO
receptionist@nwmb.com

Dear Chairman Shewchuk and Board Members:

I write to request the support and approval of the NWMB for an exploratory allocation of 10t of
turbot in the Cumberland Sound Turbot Management Area (CSTMA).

This exploratory allocation would be used to test fish in open water in the fall of 2026 in open
water using small inshore boats. We believe that the future success of the turbot fishery in the
CSTMA, our inshore fishery and our fish plant operations of Pangnirtung Fisheries Limited
(PFL) will have to be based on the combination of fishing through the ice and fishing in open
water.

As we have previously illustrated to and discussed with members of the NWMB, NTI, GN and
DFO, changing weather patterns, milder temperatures and shorter winters are making it harder to
fully prosecute the CSTMA turbot fishery because ice forms later, is not as thick as it used to be,
gets broken up more often due to higher winds and more open water outside our fishing areas,
and breaks up earlier in the spring. It is in the interest of our HTO members and our community
to find ways to more effectively manage this fishery using local Inuit Qaujimajatugangit as well
as scientific analysis of the changing weather and ice conditions.

In 2026, we had a very successful turbot fishery through the ice and landed the entire 500t quota
plus the allowable 75t carry over form the uncaught quota in 2025. It was our intent to stop the
fishery and leave 10t for the pilot project in open water later in the fall, but the fishery was so
successful that by the time a full assessment of the landings coming in were tabulated, the full
quota and carry over appears to have been landed.
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Our fishery is based primary on 3-5 kg turbot that are in the age group of 15-20 years which are
much larger fish than what is generally being caught in the offshore fishery or on the Greenland
side of the Davis Strait. We believe that this demonstrates a very healthy stock in the CSTMA
which can provide significant higher economic benefits to our community than we have seen
over the past 20 years.

It is in the context of the successful fishery in 2026 that we must analyze the past fishery
performance and weather conditions to prepare for future years. As outlined in the attached
briefing note document, the fishery over the past 18 years has averaged only 325t per year. The
briefing note also illustrates the rationale for pursuing a pilot project with the 10t allocation in
the fall of 2026 to assess conditions and make plans accordingly for the fall of 2027 should the
winter ice fishery be less than fully successful. The full catch history by year for the past 18
years as well as the El Nino, La Nina conditions observed are included in the attached Excel file.

Adapting to the changing conditions will allow Inuit organizations such as our HTO to manage
our local fisheries resources, using local Inuit Qavjimajatugangit, and testing new fishing
strategies along with using established fisheries management tools to best manage the fish
resources in our area for the benefit of the community.

Our request to be allowed to fish up to an extra 10t above what was caught in the winter ice
fishery in 2026. The intent would be to pursue the open water test fishing in October based on
the belief that sharks leave Cumberland Sound when the Beluga leave before October. If catch
rates are similar to winter fishing, a 250 hook set would yield about 600kg of catch and a
minimum of 8 sets would be required to give any sufficiency to the sample size to determine
things like catch rates, catches in different areas, bait used and shark bycatch if any. If sharks are
still present in October, more test fishing will need to be done in November albeit with less sets
because the data from the October testing of the elements may still be valid unless turbot have
moved as well. If there are still sharks in November, then further test fishing may be needed in
December. So, if test results are all positive in October, the test may be conclusive with a 5t test
fishery, however as much as 10t may be needed for further sampling if the October results are
less conclusive. Due to the small scale of this test fishery, it will have no commercial value but
may generate enough revenue to allow PFL to cover the costs of the fish harvesters.
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If there are data or samples that could be collected for DFO Science from this test fishery, the

HTO is supportive of that and the details of the data or sampling requested can be worked out in
collaboration with DFO Science.

Should you require any clarification of further information for the assessment of our request,
please contact me. I hope you are able to support this pilot project.

Sincerely,

ﬂf!mg 7=

Mark Kilabuk
Manager
Pangnirtung HTO

Attachments: Briefing Note for the NWMB
CSTMA Turbot Catch History

cc. Jade Owen, NTI, Department of Marine

Zoya Martin, GN, Director, Fisheries and Sealing Division
Christi Friesen, DFO Arctic Region

Jon Johansson, Pangnirtung Fisheries Limited




Cumberland Sound Turbot Quota Request

Briefing Note for the NWMB with Climate Analysis and Strategic Considerations
for an Open Water Pilot Project Test Fishery

Prepared for: Nunavut Wildlife Management Board
Subject: Request for 10t open-water turbot quota for Cumberland Sound — fall 2026 pilot
Submitted on behalf of: Pangnirtung Hunters and Trappers Organization

1. The core argument — last four seasons under consistent
management, effort and market conditions with varying
outcomes due to weather patterns:

The last four consecutive fishing seasons (2023—2026) have had consistent management,
effort, fleet, and operational approach during the January—April fishing window. This four-year
period removes confounding variables that affect longer-term comparisons (changes in
management, effort, market conditions, or regulatory framework) and isolates the environmental
signal and variable ice conditions as the most likely factor resulting in significantly variable
outcomes from the fishery.

Fishing ENSO Catch (t) % of
Year Conditions TAC
(Jan—Apr)

2023 2022-23  Weak La Nifia 550.17 110% Full Jan—Apr season; exceeded
TAC via carryover

2024 2023-24  Strong El Niho 290.00 58% Stopped by ice — short

season
2025 2024-25 | Cool-neutral 219.00 44% Stopped by ice — short
(post-El Nifio) season
2026 2025-26  Weak La Nifa 574.50 115% Full Jan—Apr season; record
catch

Four-year average: 408.4 t/ 81.7% of TAC

Key observations

» Effort, fleet, and management held constant across all four years.
+ Catches ranged from 219 t to 574.5 t — a swing of 355 tonnes (64%).

» Both strong years occurred under La Nifa / cool conditions with reliable ice across the
full Jan—Apr window.

» Both weak years occurred during or immediately after the Strong 2023-24 EI Nifio, when
ice conditions prevented a full operating season — both early-season ice formation in



November—December and late-season ice deterioration in March—April affect the
harvest.

* The variation is attributable to ice formation, not to capacity, market, or operational
factors.

2. The mechanism — why El Niio disrupts Cumberland
Sound ice

In the eastern Canadian Arctic, ElI Nifio and La Nifa pull the winter weather system in opposite
directions with very different consequences for sea ice. During El Niio, the Pacific jet stream
strengthens and reorganizes, routing more low-pressure storms up the US. East Coast and into
Atlantic Canada, Davis Strait, and Baffin Island, while warm, moist air is pushed further north
than usual. For Cumberland Sound this means a delayed and disrupted freeze-up in November
and December, more frequent winter storms, and — most importantly — heavier early-season
snowfall on top of thin new ice. Because snow is roughly seven times more thermally insulating
than sea ice, a thick early snowpack effectively stops the ice from thickening, leaving fishers
without a safe, stable platform for the January—April turbot season. The same pattern also
shortens the season at the other end: warm air intrusions and earlier spring melt under El
Nifio conditions can cause unsafe ice to develop weeks earlier in March and April than in normal
years, cutting the operating window from both sides. During La Nifia, the opposite occurs: the
storm track shifts south and weakens, the warm tongue along the Labrador coast and Davis
Strait fails to set up, and cold Arctic air settles more reliably over Baffin Island. Ice forms earlier
in the autumn, thickens steadily through December and January, and persists safely through
March and April — producing the full four-month operating window the fishery depends on.

In short: El Nifio brings warm air, storms, and insulating snow that prevent the ice from
thickening and accelerate spring breakup; La Nifia brings clear, cold, stable conditions
that let the ice grow into a working platform and hold it through April.

The senior meteorologist with the Canadian Ice Service has confirmed this pattern publicly for
our exact geography, noting that under strong El Nifio conditions the warm setup along the
Labrador coast and Davis Strait fails to develop normally, disrupting expected ice patterns off
Baffin Island.

3. Forecast for the 2026—-27 winter — a strong EIl Niiio is now
likely

Multiple international climate authorities, as of April-May 2026, are aligned on a strong EI Nifio
developing through summer—fall 2026 and intensifying into the 2026-27 winter:

* NOAA Climate Prediction Center (April 9, 2026 update): ENSO Alert System status is
“Final La Nifa Advisory / El Nifio Watch.” ENSO-neutral conditions are favoured through
April-June 2026 (80% chance), but in May—July 2026 EI Nifo is likely to emerge (61%
chance) and persist through at least the end of 2026.

« NOAA // OpenSnow analysis: Latest forecast indicates an 80% chance of El Nifio
conditions developing this summer, with high confidence in the transition, “eventually
strengthening into a ‘strong’ El Nifio phase” — defined as Nifio 3.4 sea-surface
temperature anomalies of +1.5°C or greater.



* NOAA strength probability (April 2026): Approximately 50% chance the developing El
Nifio reaches “strong” intensity (= +1.5°C), and a 25% chance it reaches “very strong” /
“Super EI Nifio” intensity (= +2.0°C) — the highest such probability in years.

*  World Meteorological Organization (May 2026): Climate models are now strongly
aligned, with high confidence in El Nifio onset and further intensification. WMO’s Chief of
Climate Prediction stated: “Models indicate that this may be a strong event.”

«  ECMWF (Europe), BOM (Australia), and NOAA CFSv2 forecast plumes all agree on
a strong event for 2026-27, with successive monthly forecasts showing increasing
intensity — the current 2026 trajectory is outpacing the development curves of the
1997-98 and 201516 Super El Nifio events at the same point in the calendar.

Operational implication for Cumberland Sound: Following the timing pattern observed in
2009—-2010, 2015—2016, and 2023—2024, an El Nifio developing in summer—fall 2026 and
peaking in winter 2026—27 would disrupt ice formation in November—January 2026—27 and
impair the January—April 2027 fishing season at both ends — through delayed freeze-up and
heavy early snow loading on the front end, and through accelerated spring breakup on the back
end. Based on the three precedents in the dataset, a moderate-or-stronger El Nifio produces an
average catch of 229.9 t (46% of TAC) — roughly half of normal harvest. If the 2026-27 event
reaches the “strong” or “super” intensity that current forecasts suggest, the impact could be at
least as severe as 2024.

This is not a prediction that the 2027 ice fishery will fail. 1t is a documented, multi-source
forecast that the risk of failure is substantially elevated, and the request for a 10t open-water
pilot quota is calibrated to that risk.

4. Local ice-thickness verification — SmartiCE

The SmartICE program has been actively monitoring ice and snow thickness in Cumberland
Sound from Pangnirtung since early 2020, with named local Community Operators (Patrick
Kilabuk and Mosesie Akulujuk) deploying SmartBUOY thermistor sensors and SmartQAMUTIK
trail-towed sensors. The system measures both snow depth and ice thickness simultaneously
along community travel routes, with data published weekly via SIKU.org. Five winters of
Cumberland Sound—specific data are available, including the Strong EI Nifio winter of 2023-24
and the cool-neutral winter of 2025-26.

If the NWMB would like to review it, the SmartICE record for Cumberland Sound trails, by week,
for winters 2020-2026, could be requested from:

» Tyler Spurrell, Technical Operations Manager — tspurrell@smartice.org

This data — Inuit-operated, locally measured, season-by-season — would most likely directly
demonstrate the snow-on-ice mechanism described in Section 2 using community-based
monitoring rather than outside science.

5. The full 18-year fishing and catch record (for reference and
supporting context)

The eighteen-year average (2009-2026, 2022 included as 0t — COVID closure) catch is
325.2t/ year or 65.0% of TAC.



This conservative long-term average (with 2022 included as zero rather than excluded) avoids
any appearance of cherry-picking and supports the claim that the fishery routinely operates well
below TAC due to environmental constraints as illustrate by the table below which shows the
fishery performs poorly in neutral or moderate/stronger El Nino years.

Catch by ENSO phase (18-year record):

ENSO Phase Avg Catch (t) % of TAC

Moderate-or-stronger El Nifio 229.9 46.0%
Neutral 3 301.7 60.3%
La Nifa (any strength) 9 341.0 68.2%
Weak El Nifio 3 396.8 79.4%

The Moderate+ El Nifio group (2010, 2016, 2024) is the clear outlier — a 154-tonne / 22-
percentage-point gap below La Nifia years.

6. The request

The Pangnirtung HTO is requesting a 10-tonne open-water turbot quota for Cumberland
Sound, to be fished in fall 2026 as a pilot season ahead of the forecast 2026—27 EI Nifio winter.

Key features of the request

+ 10t represents 2% of the 500t TAC — a small fraction of total stock allocation.

* 10t is well within historical precedent — open-water catches of 32.55t (2010), 27.70t
(2009), and 19.45t (2021) have all been recorded in past years.

» The request is for pilot-scale operational readiness — testing gear, methods, and
bycatch profile before the community needs to rely on open-water fishing as a backup.
See Section 7 for detail.

» The 2025 fishery left 281 tonnes of TAC uncaught due to ice limitations — this fish
remains in the water, and a 10t open-water harvest is a small fraction of what the ice
fishery couldn’t reach in 2025.

7. Why fall 2026 specifically — the 10t is a pilot, not an
emergency response.

The 10-tonne open-water quota is requested for fall 2026 as a controlled pilot season, not
as an emergency response to a winter that has already failed. This timing is deliberate and
important.

Open-water turbot fishing from small boats in Cumberland Sound has not been operationally
tested at scale by the current fleet and management. Several practical questions need to be
answered before the community has to rely on this method as a backup:

» Greenland shark bycatch risk. Greenland sharks are present in Cumberland Sound
and are a known bycatch concern in open-water turbot longlining elsewhere in the
eastern Arctic. The fall 2026 pilot would let the HTO quantify the actual bycatch rate



under local conditions, develop mitigation practices, and determine whether the fishery
requires gear modifications, time-of-day restrictions, or specific area avoidance — before
committing to it as a primary harvest method in a bad ice year.

» Operational readiness. Gear configuration, set times, depths, soak durations, weather
windows, and small-boat logistics in Cumberland Sound’s specific conditions all need to
be worked out through real fishing, not theory.

» Catch-per-unit-effort baseline. Establishing a baseline for what a small boat can
realistically harvest in a day, a week, and a season provides the data the HTO need to
size any future open-water quota appropriately including the purchase of vessels and
gear.

The strategic logic: if NOAA'’s forecast of a strong-to-very-strong El Nifio in winter 202627
plays out as expected, the January—April 2027 ice fishery will likely be impaired, as it was in
2010, 2016, and 2024. If the community waits until that point to start figuring out how to
fish open water, an entire year of the remaining harvest is lost — first to the ice failure
itself, and then to the learning curve of trying open-water fishing under pressure with no prior
experience and no bycatch data. The lost catch is when significant amounts of quota are left in
the water is a large economic loss to the community through lost revenue to fish harvesters and
plant workers but also to the fish plant operations that has to manage shipping costs on a
smaller output as a direct example. By piloting in fall 2026 under no pressure, the community
arrives at the 2027 ice season with a tested method, known bycatch profile, and an operational
fleet ready to deploy if needed if the winter ice fishery is limited in success.

8. Caveats to be aware of:

* ENSO is a Pacific-equatorial signal; the link to Cumberland Sound ice is teleconnected
(via jet-stream and Arctic Oscillation effects), not direct. The foregoing assessment
shows and data supports a clear correlation observed in the local catch record, but not
causation.

» The strongest statistical signal is at the threshold — Moderate-or-stronger El Nifio
events. Weak El Nifio years do not show the same impact in the catch record. The
trends may not illustrate the same indication across all ENSO states.

» Three Moderate+ El Nifio data points (2010, 2016, 2024) is a clear pattern but not a
large sample. The pattern is a risk indication if 2027 is a moderate+ El Nifio year but not
a deterministic prediction.

Sources

* Cumberland Sound Turbot Management Area annual catch data (HTA records, 2009—
2026).

* NOAA Climate Prediction Center, Oceanic Nifio Index (ONI v5), DJF values, via Golden
Gate Weather Services.

*+  NOAA CPC ENSO Diagnostic Discussion, April 9, 2026 (next update May 14, 2026).
*  World Meteorological Organization, El Nifio / La Nifna Update, May 2026.



Canadian Ice Service public commentary (April 2026).
SmartICE Monitoring & Information Inc., smartice.org.

Peer-reviewed literature on snow thermal conductivity and sea-ice growth (MOSAIC
expedition findings; Sturm and Massom, 2017).



Cumberland Sound Turbot Management Area — Annual Catch & ENSO Record

TAC: 500 t/year  15% (75 t) carryover permitted from prior-year unused quota ¢ Fishing season: January—April

Fishing Year )
e Rl Gl e e ) W= =

2009 2008-09 183.95 36.8% -0.85 Weak La Nifa

2010 2009-10 65.43 5 13.1% +1.50 Moderate El Nifio

2011 2010-11 53.96 500 10.8% -1.31 Strong La Nifia

2012 2011-12 287.00 500 57.4% -0.72 Moderate La Nifa

2013 201213 315.66 500 63.1% -0.29 Neutral

2014 2013-14 370.55 500 74.1% -0.28 Neutral

2015 2014-15 295.03 500 59.0% +0.69 Weak El Nifio

2016 2015-16 334.26 500 66.9% +2.63 Very Strong El Nifio

2017 2016-17 459.02 500 91.8% -0.19 Weak La Nifa

2018 2017-18 503.73 500 100.7% -0.77 Weak La Nifha

2019 2018-19 390.60 500 78.1% +0.89 Weak EI Nifio

2020 2019-20 504.63 500 100.9% +0.64 Weak EI Nifio

2021 2020-21 456.25 500 91.3% -0.91 Moderate La Nifa

Moderate La Nifia (closed

2022 2021-22 0.00 500 0.0% -0.82 — COVID-19Y) (

2023 2022-23 550.17 500 110.0% -0.54 Weak La Nifha

2024 2023-24 290.00 500 58.0% +1.92 Strong EI Nifio

2025 2024-25 219.00 500 43.8% -0.45 Neutral (cool)

2026 202526 574.50 500 114.9% -0.55 Weak La Nifia / cool?
18-yr Avg Annual Catch (t) 325.2

Avg TAC Utilization 65.0%



Maximum Annual Catch (t) — record 574.50

Minimum Annual Catch (t) 0.00
Years Reaching 290% of TAC 6
Years Below 50% of TAC 5

Average Catch by ENSO Phase (2022 included as 0)

Avg Avg % of
ENSO Phase Catch () oC

Moderate-or-

stronger El 2010, AV 2715 54.3%
2024
Nifo
.. 2015, 2019, 0
Weak El Nifio 2020 3 396.8 79.4%
2013, 2014, 0
Neutral 2025 3 301.7 60.3%
2009, 2011,
La Nifia (any AUz, 20,
strength) 2018, 2021, 9 341.0 68.2%
2022, 2023,
2026

" The Cumberland Sound turbot fishery did not operate in 2022 due to a COVID-19-related closure. The catch is recorded
as 0t and included in averages — this conservative treatment lowers the long-term average and avoids overstating the
fisherv's tvpical performance.

22025-26 winter ONI: NOAA reports SON +0.5°C, OND -0.55°C, indicating an ENSO-neutral / cool-neutral state
transitioning toward weak La Nifia conditions during the freeze-up and fishing window. Confirmed weak La Nifia / cool-
neutral.



Carryover note: Catches exceeding 500 t (2018, 2020, 2023, 2026) reflect the 15% (75 t) carryover provision: when prior-
year catch falls short of TAC, up to 75 t of unused quota carries forward. Each over-100% year follows a year that left
substantial auota uncauaht — and 2026 follows 2025's 219 t catch (281 t left uncauaht). authorizina the maximum 75 t

ENSO data source: NOAA Climate Prediction Center, Oceanic Nifio Index (ONI v5), DJF (Dec—Jan—Feb) values, via
Golden Gate Weather Services compilation.

Color key: Strong/Very Strong EI Nifio = dark orange * Weak/Mod EI Nifio = peach « Neutral = grey « Weak/Mod La Nifia =
light blue * Strong La Nifia = darker blue * Closed year = yellow « New record = green.
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Pangnirtung, Nunavut
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June 5, 2026

Nunavut Wildlife Management Board
310-1106 Ikaluktuutiak Dr.

I[qaluit, Nunavut X0A 3HO
receptionist@nwmb.com

Dear Chairman Shewchuk and Board Members:
Re: Addendum to May 14 letter regarding an exploratory allocation of turbot in the CSTMA

On May 14, the Pangnirtung Hunters and Trappers Organization (HTO) sent a letter requesting
the support and approval of the NWMB for an exploratory allocation of 10t of turbot in the
Cumberland Sound Turbot Management Area (CSTMA). As more discussion has occurred in the
intervening period and we would like to add more context, please consider this letter from the
HTO and Pangnirtung Fisheries Limited as an Addendum to the original letter.

In addition to the points made in the May 14 letter, we would like to focus this letter on two
particular areas that will hopefully provide greater context for the consideration of the NWMB
including why it is very important to conduct this exploratory fishery in the fall of 2026 and on
the amount of turbot that may need to be harvested.

Since the May 14" letter was sent, there has been a number of news stories and analysis of the
coming El Nino and potentially a Super El Nino. It now appears certain that the El Nino is
coming and only time will tell how strong it will be. As we demonstrated in the analysis
previously provided, an El Nino winter will most certainly mean less fish harvested and that the
CSTMA quota will not be taken in the winter ice fishery in 2027.

We need prepare for this situation where quota is left in the water. In the fall of 2026, we need to
test boats, fishing gear, fishing times and locations. It is also our intention to travel to Greenland
with some harvesters from Pangnirtung to observe their open water fishery and then have some
of the Greenland harvesters come back to Pangnirtung to help our harvesters test the boats and




gear and learn how to use the equipment and fish effectively. If we are able to do this
successfully in the fall of 2026 with a small test fishery, fish harvesters will be able to gear up for
the fall of 2027, order the boats and equipment necessary for the fishery with the knowledge that
they can have an effective and commercially viable fishery based on the test fishery. If the test
fishery does not occur, the harvesters simply won’t be able to make the necessary investments
and will not have had the opportunity to have the Greenlandic harvesters train them, resulting in
the quota being left unharvested. Allowing the test fishery would build on the momentum from
the positive results of the past winter’s fishery, continue that momentum by have the
Greenlanders help train the Pangnirtung harvesters and motivate them to make plans and
investments for 2027.

Next it is necessary to consider the amount of fish required for this very important test fishery.

First of all, the catch rates and size of fish being caught in the CSTMA indicate the stock is very
strong. The catch rates per hook are far batter than other hook and line fisheries for turbot in
Greenland and Canada. Most significant is the size of the fish being caught. In the CSTMA
fishery, the great majority of the fish being caught in the 3-5 kg range whereas in the Davis
Strait, in Greenland inshore and offshore fishery and turbot fisheries of the coast of
Newfoundland and Labrador, the fishery is based on 1-2 kg and 2-3 kg fish. The size difference
is so great that while using the same 18 kg boxes, those packed in Pangnirtung can only hold 15
kg due to the large fish and extra airspace created in the box with the bigger fish. Given the very
high catch rates and the size of the fish, there can be no measurable risk to the CSTMA stock for
the small amount required for this test fishery.

Since the May 14 letter was written to you, catch data and landings from the winter ice fishery
have been finalized and the final number is 574.5t of fish caught, leaving .5t. While the .5t is not
enough to conduct a test fishery, it reduces the amount required for the test fishery to 9.5t and
potentially less if there is early and clear results about catch rates and bycatch as outlined in the
May 14 letter. There is also the possibility that fish could be released alive from the hook and
line gear. Most fish will come to the surface alive and if the concerns over the extra mortality are
so significant that another 9.5t cannot be harvested without negative impact on the stock, then
fish that are successfully removed from the hook without damage could be released. We hope
that this will not be necessary but if essential, this is a way to keep the retained catch down to 5t.

Finally, we would like to reiterate the point that we are willing to work with DFO Science in the
development of this test fishery, get their input on the design of the test fishery, data to be
collected, bycatch assessment and mortality rates, and collection of samples from the turbot or
bycatches.

We hope that this addendum will provide useful information and context for the Board’s review.
We would welcome any requests for clarification or additional details.




Sincerely,

V Hus=e — aj—\( v

Mark Kilabuk Joh J. oflansson
Manager Manager
Pangnirtung HTO Pangnirtung Fisheries Limited

cc. Jade Owen, NTI, Department of Marine
Jeff MacDonald, GN, Director, Fisheries and Sealing Division
Christi Friesen, DFO Arctic Region
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NWMB Decision to Allocate the Surplus for Greenland Halibut (Turbot) in the
Cumberland Sound Turbot Management Area

Purpose

The NWMB is considering allocating the surplus stock of Greenland halibut (also known as
turbot) located within the Cumberland Sound Turbot Management Area.

Background

Section 5.6.19 legally requires the NWMB to strike a Basic Needs Level once a Total Allowable
Harvest is determined. When the Basic Needs Level is lower than the Total Allowable Harvest,
the difference is the surplus and Section 5.6.31 requires the NWMB to determine how that
surplus is allocated.

On February 2, 2005, the NWMB established a Total Allowable Harvest of 500 tonnes for
Greenland halibut (turbot) in the Cumberland Sound Turbot Management Area. In the same
decision, the Board calculated a Pangnirtung community basic needs level of 4.4 tonnes for
this stock pursuant to section 5.6.21(a) and based on data from the Nunavut Wildlife Harvest
Study. The Minister of Fisheries and Oceans accepted the Board’s decision on April 6, 2005.

In its decision letter to the Minister concerning the Total Allowable Harvest and Basic Needs
Level decision, the Board stated that once the NWMB-Minister decision-making process is
finalized, it will allocate the surplus. To date, the Board has not allocated the surplus, and this
step remains pending.

Issue

The Pangnirtung Hunters and Trappers Organization has requested that the NWMB
temporarily increase the Total Allowable Harvest for turbot in the Cumberland Sound Turbot
Management Area from 500 tonnes to 510 tonnes.

Section 5.6.31 of the Nunavut Agreement directs that the NWMB allocate any surplus,
representing the difference between a Total Allowable Harvest and the Basic Needs Level, in
the following order of priority:




a) to provide for personal consumption by other residents as described in Sections 5.6.32
to 5.6.37;

b) to provide for the continuation of existing sports and other commercial operations as
described in Section 5.6.38;

c) to provide for economic ventures sponsored by Hunters and Trappers Organization and
Regional Wildlife Organizations

The request received from the Pangnirtung Hunters and Trappers Organization presents an
opportunity for the Board to complete its work and allocate the surplus of turbot found within
the Cumberland Land Sound Turbot Management Area in line with the requirements
established under the Nunavut Agreement.

When allocating the surplus, the NWMB will consider the record of harvesting since the Total
Allowable Harvest and Basic Needs Level were established. Notwithstanding the order of
priority for the allocation of surplus referenced above, the harvest records confirms that, since
at least as early as 2009, all the surplus has been harvested through a commercial fisheries
license issued by Fisheries and Oceans Canada to Cumberland Sound Fisheries Limited, an
Inuit owned business based in Pangnirtung that is co-owned by individual Inuit shareholders,
the Pangnirtung Hunters and Trappers Organization, and the Pangnirtung nuit Co-op.

Cumberland Sound Fisheries Limited appears to fit within the type of economic venture that
may receive a surplus allocation under section 5.6.31 of the Nunavut Agreement.

It is not known to NWMB staff whether other Pangnirtung residents have sought access to the
surplus for personal consumption, or that another eligible commercial entity has expressed
interest in harvesting the surplus. The Board has, however, not formally sought input from
other residents of Pangnirtung who may want access to the surplus stock for turbot.

Staff Recommendation

The Board may make whatever decision it deems reasonable with reasons, and the Board may
hear further evidence during the Regular Meeting that it considers relevant. Based on the
above analysis, NWMB staff present the following decision options for the Board's
consideration.

1. Allocate the surplus of 505.6 tonnes to provide for the harvesting need of the
Cumberland Sound Fisheries Limited.

Or,

2. Provide a period of 30 days for stakeholders to submit any request to either participate
in the allocation of the surplus or otherwise raise any concerns or objections to the
proposed allocation of the surplus to Cumberland Sound Fisheries Limited, and:




a. Where no request to participate in the allocation of the surplus, or no concerns or
objections to the proposed allocation of the surplus to Cumberland Sound
Fisheries Limited are received within the stakeholder consultation period, allocate
the surplus of 505.6 tonnes’ to provide for the harvesting need of the
Cumberland Sound Fisheries Limited.

Or,

b. Where a request to participate in the allocation of the surplus, or concerns or
objections to the proposed allocation of the surplus to Cumberland Sound
Fisheries Limited are received within the stakeholder consultation period, defer
the question concerning the allocation of the surplus to the next available Board
meeting for full deliberation.

Prepared By: Denis Ndeloh, NWMB
Reviewed By: Jason Akearok, NWMB; Sutheat Tim, Legal Services
Date: June 09, 2026

1 The surplus will become 505.6 tonnes if the temporal TAH increase request is approved.
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Appendix 2

Quota Carry-Forward Guidelines for Atlantic Canada

Effective February 15, 2016

The ability to carry forward quota in Atlantic fisheries will provide participants with increased
flexibility to manage quota from one fishing year to the next. It will allow them to adjust to
resource and market fluctuations and remove the incentive to overharvest for fear of losing quota
at year end. However, carry forward can place added pressure on stocks which must be evaluated
regularly. The approach outlined in these Guidelines is based on a consistent and transparent
process and subject to factors such as the status and trajectory of the stocks in question, to ensure
that sustainability of the resource is not compromised.

Carry forward guidelines are applicable for domestically managed quota based fisheries in
Atlantic Canadian waters including northern waters. The guidelines will reflect biological factors
identified in the appropriate Science Advisory Reports and other relevant factors and must be
based on acceptable precautionary approach principles.

The carry forward of quotas is not applicable to fisheries taking place exclusively in International
waters, or for straddling or highly migratory stocks which are shared with other nations unless
prescribed in agreements with relevant nations or Regional Fisheries Management
Organizations.

Obijectives

Provide for the sustainable use of fishery resources by an economically viable and diverse
industry through:
a) maximizing opportunities for licence holders to carry out their harvesting activities in the
most efficient manner;
b) aligning resource harvest with economic factors; and
c) facilitating self-management of allocations to fishing industry.

Additionally, limitations may be imposed on quota carry forward provisions in order to limit the
administrative burden for DFO.

Application

1. This policy applies to domestically managed quota-based fisheries in Atlantic Canada
including Community Management Board quotas in the Maritimes, Aboriginal communal
commercial quotas, competitive quotas, Individual Transferable Quotas (ITQs) and
Enterprise Allocations (EAs) managed under annual or multi-year management cycles.

2. For fisheries under a multi-year management cycle, carry forward provisions are to be
considered at the start of a new management cycle and be developed in consultation with
stakeholders based on the most recent science advice for the new management cycle.
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3. The percentage of quota that may be carried forward from year to year will be determined
in consultation with stakeholders and will reflect scientific advice and conservation
objectives. The maximum percentage that will be considered for any fishery to be carried
forward is 15%; however special arrangements (e.g. higher levels of carry forward) could
be considered for fleets that receive very small relative allocations (e.g. less than 5% of
the TAC) in the fishery to facilitate optimal harvest planning.

4. The carry forward provision at the individual or other quota holder level will be applied
following the 60-day quota reconciliation period. Any quota remaining from the previous
fishing year (up to the maximum) will be automatically carried forward for the following
year. Inclusion of in-season transferred quotas as eligible for carry forward will be
considered with stakeholders in the development of carry forward provisions.

5. Quota carry forward will be considered when stocks are in the Healthy Zone. When
stocks are in the Cautious Zone, quota carry forward will be considered if the stock is/has
been on a positive trend and the TAC is increasing. Quota carry forward for stocks in the
Critical Zone and declining stocks in the Cautious Zone should only be considered for
exceptional circumstances. In the absence of a DFO Precautionary Approach Framework,
a decision on the implementation of carry forward will be guided by latest science advice
and the history of the stock. If the latest science advice does not cover the scenario of a
specific carry forward, new scientific advice could be requested.

6. In cases where an audit of DFO records reveals reporting or other errors that resulted in a
carry forward of quota that had already been fished, any quota carried forward in error
will be reconciled from current or future holdings.

7. Where applicable, licence fees will be based on the initial quota allocated each year.
Carry forward will be added to initial quotas without fees as they would have been paid
for in the previous year.

8. Any quota that is carried forward on a licence is attached to the licence and will remain
even if that licence is permanently transferred (re-issued).

9. Where applicable, permanent quota concentration limits will not be affected by any
amount carried forward. However, these amounts may contribute to any temporary quota
concentration limits, and this will be considered on a fishery by fishery basis.

Governance
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1. The establishment of new/revised carry forward limits must be done in consultation with
stakeholder advisory committees as well as relevant co-management boards and take into
consideration the most recent scientific advice for each stock.

2. Approval of carry forward provisions will be at the Regional Director General or
Regional Director level (as appropriate) responsible for the management of the fishery
with concurrence from other DFO regions involved.

3. Approved Carry Forward provisions will be incorporated into the relevant Integrated
Fishery Management Plan and/or Conservation Harvesting Plans (CHPs).
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CdyDN=a ®I%® Q7o dCsb* MO PN ASh O CPY*a *Io¢ 0a D¢ av®C Lo, ALSTD>Cconsede
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2. <*gedse:

2025/2026 <P>Y Lo ASbocno s <=g)% AP Lo KPNNc>®IC bNONe
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Whale sample Kit ARPG-xx-1

Datasheet
HunNters Name iwoptionan: . community:
RS Kill Location:
e R, *GPS Location: N
day ! month / year
W
% Whale Type: |:| Beluga D Harwhal D Other
*
Sex: Maie Female * 3
. - - (These must be completed for payment)
Part A: Measurements (measure in a straight line Exposed _
Tuskiength _________ cm/in
TOtal length Fluke width | |
Tm/in cm/in
LM‘”“’(\'
@ o
Circumference
cm/in
Fatdepth atsternum: ___ cm/in TR .

Put the following samples in the labelled bags or vials.

Part B: Ageing Structure [_] Lower Jaw and/ or embedded tusk (0ag) [ eve baws wag

Part C: Tissue Samples (cCut fist-sized pieces of tissue and put in the labelled piastic bags. )

[ Muktukand Bluober bag) ] Muscie s Meat (bag) [ uiver wag

Part D: Other Samples ( Keep all Samp[es frozen )

[ ovaries ag

Other Comments:

Datasheet and samples must be returned for payment.

... n.nene- and Ocsanz Pecr;:n Océans Canad'z.i
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