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Executive Summary

From 18 July to 3 August (Leg 1), 8 to 26 August (Leg 2), and 29 to 31 October (Leg 3) 2021, Golder, on behalf of
Baffinland Iron Mines Corporation (Baffinland), completed a Marine Mammal Aerial Survey Program (MMASP)
designed to assess narwhal distribution and abundance in the Regional Study Area (RSA) and Admiralty Inlet.
The 2021 MMASP was staged in three separate legs. Leg 1 targeted a 21-day window in mid-July and was
designed to collect data on the presence/absence and distribution of marine mammals in the RSA relative to
available ice conditions at that time of year and prior to the start of shipping activities. Leg 2 targeted a 21-day
window in August, started immediately after the end of the Leg 1 surveys and was designed with the objective of
obtaining an annual abundance estimate for the Eclipse Sound and Admiralty Inlet narwhal summer stocks during
the open-water season. Leg 3 targeted a three-day period at the end of the shipping season in late October to
conduct a visual clearance survey to document if narwhal entrapment events occurred in the RSA following
completion of Baffinland’s 2021 shipping operations along the Northern Shipping Route. Survey design and data
collection methodology previously developed by Fisheries and Oceans Canada (DFO) (Matthews et al. 2017;
Marcoux et al. 2016; Doniol-Valcroze et al. 2015a; Asselin and Richard 2011) and implemented by Golder in
2019 (Golder 2020a) and 2020 (Golder 2021a) was adopted to allow for comparable abundance estimates.

Two types of aerial surveys were flown: a visual-based survey in which marine mammal sightings were collected
along established line transects using a double-platform approach with Marine Mammal Observers (MMOS)
stationed at independent observation platforms at the front and rear of the aircraft, and a photographic-based
survey in which digital single-lens reflex (DSLR) cameras were installed on the aircraft to collect high definition
photographic images of the survey area directly below the aircraft. Photographic surveys were flown in areas of
high narwhal concentrations where accurate counts would be difficult to obtain using visual means. Marine
mammal sightings, environmental conditions and survey data were entered into a Mysticetus© database.

During the visual-based surveys, a total of 3,349 sightings of 11,361 individual marine mammals were recorded
by the observers during July and August 2021. A total of nine different marine mammals species were observed
during the surveys: narwhal (Monodon monoceros; 1,482 sightings totalling 4,448 individuals), ringed seal (Pusa
hispida; 887 sightings totalling 1,061 individuals), harp seal (Pagophilus groenlandicus; 287 sightings totalling
4,975 individuals), bowhead whale (Balaena mysticetus; 186 sightings totalling 248 individuals), polar bear (Ursus
maritimus; 51 sightings totalling 84 individuals), bearded seal (Erignathus barbatus; 13 sightings totalling

13 individuals), beluga (Delphinapterus leucas; seven sightings totalling nine individuals), killer whale (Orcinus
orca; six sightings totalling 46 individuals), and walrus (Odobenus rosmarus; one sighting of an individual walrus).
Unidentified seal (422 sightings totalling 468 individuals) and unidentified whale (seven sightings totalling

eight individuals) were also recorded during the surveys.

During the photographic surveys, a total of 17,413 sightings of 37,647 individual marine mammals were recorded
during the 2021 MMASP photo review. Two different species of marine mammals were recorded during the
photographic surveys: narwhal (17,356 sightings totalling 37,559 individuals), and bowhead whale (57 sightings
totalling 88 individuals).

At the beginning of Leg 1 surveys open water was present in the north Navy Board Inlet, Milne Inlet and Pond
Inlet strata and by the end of Leg 1 open water was present throughout the RSA. Results from the 2021 Leg
1 survey indicated low narwhal numbers prior to the first vessel transit into the RSA. By the time of the first ore
carrier transit in the RSA on 26 July 2021, narwhal relative abundance appeared to have increased and their
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distribution had moved to be primarily concentrated in Koluktoo Bay and Tremblay Sound and remained
concentrated in those areas for the duration of the Leg 1 program.

For the Leg 2 surveys, narwhal summer stock abundance was calculated for the Eclipse Sound stock, Admiralty
Inlet stock, and the combined Eclipse Sound and Admiralty Inlet stock. The narwhal abundance estimate for the
combined Eclipse Sound and Admiralty Inlet stock during the 2021 open-water season (Leg 2) was

75,177 individuals (Coefficient of Variation (CV) = 0.08, 95% confidence interval (Cl) of 63,795—-88,590) based on
surveys conducted on 19-21 August 2021. This estimate is statistically higher than the abundance calculated
during the previous DFO survey conducted in August 2013 (45,532 narwhal, CV = 0.33, 95% CI of 22,440—
92,384; Doniol-Valcroze et al. 2015a), the 2019 estimate of 38,677 (CV = 0.11, 95% CI of 31,155-48,015), and
the 2020 estimate of 36,044 (CV = 0.12, 95% CI of 28,267—-45,961) (t-test = 1.82, p = 0.042, t-test = 4.64, p <
0.001, t-test = 5.06, p < 0.001, respectively).

For Eclipse Sound stock alone, the narwhal abundance estimate was 2,595 narwhal (CV = 0.33, 95% CI of
1,369-4,919) based on Baffinland’s aerial survey conducted on 20-21 August 2021. The 2021 estimate is
statistically lower than the 2016 DFO estimate of 12,039 (CV = 0.23, 95% CI of 7,768-18,660; Marcoux et al.
2019) (t-test = 3.25, p = 0.016). The 2021 abundance estimate is also statistically lower than the 2013 abundance
estimate of 10,489 (CV = 0.24, 95% CI of 6,342-17,347; Doniol-Valcroze et al. 2015a) (t-test = 2.96, p = 0.021),
the 2019 abundance estimate of 9,931 (CV = 0.05, 95% CI of 9,009-10,946) (t-test = 7.33, p < 0.001), and the
2020 abundance estimate of 5,018 (CV = 0.03, 95% CI of 4,736-5,317) (t-test = 2.75, p = 0.026).

For the Admiralty Inlet stock alone, the narwhal abundance estimate was 72,582 narwhal (CV = 0.09, 95% CI of
61,333-85,895) based on Baffinland’s aerial survey conducted on 19 August 2021. This estimate is statistically
higher than the abundance calculated of the 2013 DFO estimate of 35,043 narwhal (CV = 0.42, 95% CI of
14,188-86,553; Doniol-Valcroze et al. 2015a) (t-test = 2.35 p = 0.015), the 2019 Baffinland estimate of

28,746 narwhal (CV = 0.15, 95% CI of 21,545-38,354) (t-test = 5.80, p < 0.001), and 2020 Baffinland estimate of
31,026 narwhal (CV = 0.14, 95% CI of 23,406-41,126) (t-test = 5.40, p < 0.001).

Given that there were very light ice conditions during the Leg 3 surveys, the low numbers and location of
confirmed narwhal observations (east of Pond Inlet travelling toward Baffin Bay), and input from the community
members who participated in the clearance aerial surveys, there was no concern regarding the risk of entrapment
of narwhal caused by the Project at the end of the 2021 shipping season.

Results from the 2021 Leg 2 aerial survey indicated that: i) narwhal abundance in Eclipse Sound was statistically
lower in 2021 than observed in previous years when aerial surveys were conducted (i.e., 2013, 2016, 2019 and
2020), and ii) the combined narwhal abundance in Eclipse Sound and Admiralty Inlet was statistically higher in
2021 to what was observed in previous years (2013, 2019 and 2020). These results suggest that a portion of the
Eclipse Sound stock occupied the Admiralty Inlet summering ground during the summer of 2021. The results also
suggest there is potentially greater mixing between neighbouring summer stocks (i.e., Admiralty Inlet, Somerset
Island, and/or East Baffin Island) than is currently recognized.

Despite the adaptive management measure aimed at eliminating underwater noise from icebreaking in 2021,
results from the 2021 monitoring programs again indicated lower narwhal numbers in Eclipse Sound during the
2021 shipping season. Underwater noise from open-water shipping was also not considered to be a likely cause
of narwhal displacement from the RSA based on the available monitoring results collected to date (Austin et al.
2022; Baffinland 2021; Golder 2020d, 2021b).
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Given that the combined stock estimate for Admiralty Inlet and Eclipse Sound indicated that the regional narwhal
population remained stable relative to pre-shipping conditions, and in consideration of the available Inuit
Qaujimajatugangit (IQ) regarding the degree of exchange between narwhal groups on their summering grounds,
the observed decrease in narwhal relative abundance in Eclipse Sound likely reflected natural exchange between
the two putative stock areas, or alternatively, that animals shifted to Admiralty Inlet due to more favorable
ecological conditions related to sea ice conditions, prey availability and/or predation pressure.

For example, it is well documented that sea ice in the Arctic is presently undergoing rapid reduction due to climate
warming (Stroeve et al. 2012; IPCC 2013; Overland and Wang 2013) and that ocean warming has resulted in
species distribution shifts for both marine mammals in the Arctic (Laidre et al. 2008, 2015; Frederiksen and Haug
2015; Ngttestad et al. 2015; Vikingsson et al. 2015; Albouy et al. 2020; Chambault et al. 2020, 2022; NAAMCO
2021) and their prey (Frainer et al. 2017; Mgller and Nielsen 2020). Shifts in narwhal distribution in Greenland
have also been documented in recent years, with multiple sightings of narwhal in locations well north of their
traditional range (e.g., Dove Bay, Greenland Sea, Northeast water and Petermann glacier front) (NAAMCO 2021).
Current evidence suggests that a combination of hunting and climate change is negatively impacting the long-
term viability of populations in Southeast Greenland (NAAMCO 2021).

How this might be manifesting on a micro-geographic scale in the North Baffin region is presently unclear. A
recent study by Chambault et al. (2022) predicted the future distribution of Eastern Baffin Bay narwhal under two
different climate change scenarios using narwhal satellite tracking data collected over two decades. The long-term
predictive models suggest that the current distribution of Baffin Bay narwhal during summer will undergo a +200
km northward shift to cope with climate change, and that summer narwhal habitats in this region are predicted to
decline by between 31 and 66% (depending on the climate model). These changes may already be underway in
the Eastern Canadian Arctic and may affect Eclipse Sound and Admiralty Inlet differently. For the above reasons,
the potential for climate-driven shifts in species distributions cannot be ignored as a potential explanation of
recently observed changes in summer narwhal distribution in Eclipse Sound). To better understand what is
occurring, additional engagement and monitoring with Inuit stakeholders and regulatory agencies are needed,
inclusive of collaborative regional scale monitoring that looks at the population dynamics of the entire Baffin Bay
narwhal stock

Comments on the draft 2021 MMASP Report were received from the Marine Environmental Working Group
(MEWG) in June of 2022. Baffinland’s responses to MEWG comments and recommendations on the draft report
are included as Appendix F.
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A D>*b*NaJ C>Sa pao <A D%ILIg BB>AN A (RSA). Pc<® KA DPN® AMG*N-_J pao
<A DLV B>ANSADT (RSA) YA 26, 2021-T, DLeES ACHSY o< D dSac D> D o% /<o Mg <L
Q&= 5Nt ACHHACALC D5 5%D b 5™, o <L b*® 5P 5% 1 <L A ACHAa * N C><o Aoo
Acno5*C*a bMCHCia® 1-M Acn<UtT.

CLD 1M B*CHCia® 2 DAY, DL <I>Yede ACHAN<RCHC BN C> >*D% CYDYT ACHGIA,
APAN< ALY o ACHSAD>A®, <L bNolc CPBYT APA<SYe 5 AL o ACHSAD>AC. DL ACH <

MR CDPLYC bNoNE CEDYT <l APASY< ALM o ACH Ao 2021-T PdBN=1d (b*LCo™ 2)
ALA*a NP> D> 75,177 DU (@ AN>NE Do PP<I*C>%h%* N> M <p o =5 (CV) = 0.08, 95%
ACHAD>a P “C*D <IdcA=a-*N< (CI) 63,795-88,590) D**LALYD>< 5N° b>APC> >*DC 19-21 <Y 2021-T.
Crd<d MDA CPPLIE D oS B> AN CDPLYa* a\*C >*Do* P LN ALT>Ccnrtdoo
B>APC> > <Y 2013-T (45,532 DLe<, CV = 0.33, 95% CI 22,440-92,384; DoD>=-AD>dP* <IC* ™ 5Ne.
2015a), 2019-T MN\>CNPLYC 38,677 - JaPyD>=5Ne (CV = 0.11, 95% CI 31,155-48,015), <L 2020-T MS\><NPL<C
36,044 (CV = 0.12, 95% CI of 28,267-45,961) ("bB>A\>C = 1.82, p = 0.042, t-bD>A\a* = 4.64, p < 0.001,
B>MPC>Y® = 5.06, p < 0.001, <Do).

CPD>YT ACHAD>YILE, DL ACH oMo MDY CPLD>*DC AL*aNNE 2,595 DLe< (CV = 0.33, 95% CI 1,369~
4,919) <<+c_+d° b *LCA*d= B>ATCAT* 20-21 <Y 2021-T. 2021-T MN>YCPLIC Pledo<I*CP>rPLIC
Do o ®*\>>< 2016 ALTD>Ccnrtd o <Po<G AM7>Yo® 12,039-"Ja/r7D><oN° (CV = 0.23, 95% C1 7,768—
18,660; Ld<t®* IC*M* oNe. 2019) (dB>AN>C = 3.25, p = 0.016). 2021-T >0 M*N>CNPLYE D> o g\ D> >C
2013-T >0 M*N>NPLYE 10,489 - UaAPy>< 5Nt (CV = 0.24, 95% CI 6,342-17,347; Dob>=-A>dP" <IC*M oM,
2015a) (B>AN>C = 2.96, p = 0.021), 2019 <IMAo-*"C MN>LC>PLYE 9,931 (CV = 0.05, 95% CI of 9,009-10,946)
(B>AN>N = 7.33, p < 0.001), <L 2020 <Ao< N>R C>PLYE 5,018 (CV = 0.03, 95% CI of 4,736-5,317)
(BP>rYSTbe PO = 2.75, p = 0.026).

APAN< ALY o ACHA>IDE, DU ACH 1 MND>NC>PLYC 72,582 DLe< (CV = 0.09, 95% CI 61,333-
85,895) o_57nrtdS b ULC IS B> D>HCHC 19 <Y 2021-T. Cod<d MN>CNPLIC D> oSa*N>>C > oany * o
AN CD> >%YLYa 2013-T ALT>Centtdo MN\>NPLYa* 35,043 Dle< (CV = 0.42, 95% CI 14,188-86,553;
DaD>=-A>dP" IC M 5N, 2015a) (t-test = 2.35 p = 0.015), 2019 o 57 ~—nr*d< a.c >CHILY < 28,746 P HLAC
(CV = 0.15, 95% CI 21,545-38,354) (bI>rhL*h* = 5.80, p < 0.001), <L 2020 o 5v*cnrtdS a.c >C*/LIC 31,026
DLé&C (CV = 0.14, 95% CI 23,406-41,126) (B>0PN = 5.40, p < 0.01).

ARNP=SNE b o< 0L oS Acn<IUN=DJd b Ca® 3 b>ANT®, > oD <L ad o M asa ARC>C
DlLec Cr>Ne (ba*a ™o MNLCD>< AMGIE C>oL Koo PND>< AL*L0S), <L B>bBD>"YD>PLe 5N vac™o
ALYt Ac D> B>*Do* o JASNK IR o1 b UCAdE b>ANSoT™, APLSCD> > D sd<t®hsa P>a So-*L
Py >a o DL CALANCINE Acn<le Ad<o 2021 DT <I58<I%Sa >N .

B>AY>C 2021-T b*LCo 2-T b™MC A< b>ANTSa* aa A®II® ALa: i) DLeS ACH TS CPD>YT a AN>NNJC
<L T BND>C > 2021-T BranyD>rLio PYo*LN=o <GJa b *LC A< bP>phSeC Acn<"JN=0C (A5 2013,
2016, 2019 <L 2020), <L ii) bN5*C oM< DLeS ACH a1 TS AP A5 ALM o o AN>NNJC

IR P> > 2021-T B'anyD>Yo< P L N>o <GJo (2013, 2019 <-L_> 2020). CLbd<1 b>py>vc
ALANSNaAM=a < AC S CYBYT ACHAD> 1€ C>e- > APANS AL o <ID>Y*d< AgD><* Do <IB>Y>N<5J
2021-T. bD>pY>NC ALA®aAP=a *T¥E bNP Yo N> b CGANYI>NC ba P <I>70dS ACTHAD>IE (A5, APAIN< AL,
dlat, <Lo/D>R3egC ba*a*o PPPC5%) L*a AchnyD>rLYoC.
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GHPPLADA~* D <> NN DELBGHIPN M ACHPo-*N“No-Sa* ALo- oAc~® /do® <yD>FDAcSa* 2021-T,
B>AYD>EC 2021-T b>AF << 5051 AcnoSa® a sa A%*beo-c >*DC > o™ o *\>a- ' DL a AN>NNJC
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ARCP> 5N bNoMS ACHADY 0 MN>RJC>EE APAE< ALY 0 <L CPBYS IS a5a A®PYE bN<5MC bao

<A D*LYo DLES ACHITNE A ASGPL D AALPe SN DT <8< *b %N~ d b oA o>V, <L >
APLPB>NH5NE IDAa P>V AbAS DALY DBC (IQ) A'YNM-NE IPrp*CheCio* =0 Ctdao Dle<

<A Do <>Y0dS a dln TS, DR YD D oPr g <o Sa- M DL ACH a1 CPD>YT
N#PLeNCNDA*an < CALADA>a b Coa*M o LP* ACH A>T AcC. ALA'LS, ALADA*a n<lc® >LC o dLC
PN MCO boA* Lo M APALN AL o Lea. ADPYD> o8> Db a0 CYBYT Dl Moo A'?ND®5N® A5
Q<L <AI® < boA Lo, LYa Lo Lo <L/ 546 AYa D> b Coia*Lo (W< AT 5NE.
2020; SGAG <IC* % 5N°E. 2017; HAAS-I<ILEN= <ICP 5NE. 2021; HAPC <IC*% 5N 2012; < ADn <ICHM S 5Ne
2018; c=<1c IC™ ' 5NE. 2020; *CAb <IC* % 5NE. 2019, 2021), AT 5P b>ALY>YE AALD>PC>BCoa™L
QLA™ A L DPD>RCPD< (D ICH 5Nk, 2012; IPCC 2013; D>oc_= <L =< 2013).
DPPN<ba-d=>C PA b oAL*C, AcPBNNtb=a-G-C <L BN <<= S5 AbAS a *[o-bbC>C
<L Lebente NEAPe ACHA<IH%DS, AcPNNLNE AcdN o vao < D*PLIc* bt <-<o-Sc*
PrP<*Do® > o0 boA*La > 4PN CT Db d>Yo.
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STUDY LIMITATIONS

Golder has prepared this document in a manner consistent with that level of care and skill ordinarily exercised by
members of the engineering and science professions currently practising under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and physical constraints applicable to this
document. No warranty, express or implied, is made.

This document, including all text, data, tables, plans, figures, drawings and other documents contained herein,
has been prepared by Golder for the sole benefit of Baffinland Iron Mines Corporation (Baffinland). The Executive
Summary was translated into Inuktitut and provided by Baffinland to Golder. In the event of discrepancies in
information or interpretation, the English version shall prevail. This report represents Golder’s professional
judgement based on the knowledge and information available at the time of completion. Golder is not responsible
for any unauthorized use or modification of this document. All third parties relying on this document do so at their
own risk.

The factual data, interpretations, suggestions, recommendations, and opinions expressed in this document
pertain to the specific project, station conditions, design objective, development and purpose described to Golder
by Baffinland, and are not applicable to any other project or station location. In order to properly understand the
factual data, interpretations, suggestions, recommendations and opinions expressed in this document, reference
must be made to the entire document.

This document, including all text, data, tables, plans, figures, drawings, and other documents contained herein, as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder. Baffinland may make copies of the document in such quantities as are reasonably
necessary for those parties conducting business specifically related to the subject of this document or in support
of or in response to regulatory inquiries and proceedings. Electronic media is susceptible to unauthorized
modification, deterioration, and incompatibility and therefore no party can rely solely on the electronic media
versions of this document.
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1.0 INTRODUCTION

This report presents the results of the 2021 Marine Mammal Aerial Survey Program (MMASP) conducted at North
Baffin Island during July, August, and October 2021. Marine mammal aerial surveys were conducted by Golder
using distance-based line-transect sampling combined with high-resolution photography. The primary objectives
of the surveys were to collect data on the presence/absence and distribution of marine mammals prior to and
during initial shipping operations in the Regional Study Area (RSA), and to obtain an annual abundance estimate
for the Eclipse Sound and Admiralty Inlet narwhal summer stocks during the open water season.

1.1 Project Background

The Mary River Project (the Project) is an operating open-pit iron ore mine located in the Qikigtani Region of
North Baffin Island, Nunavut (Figure 1). Baffinland Iron Mines Corporation (Baffinland) is the owner and operator
of the Project. The operating mine site is connected to a port at Milne Inlet (Milne Port) via the 100 km long Milne
Inlet Tote Road. Approved, but undeveloped components of the Project include a South Railway connecting the
mine site to a future port at Steensby Inlet (Steensby Port).

To date, Baffinland has been operating in the Early Revenue Phase (ERP) of the Project and is authorized to
transport 4.2 Mtpa of ore by truck to Milne Port for shipping through the Northern Shipping Route using chartered
ore carrier vessels. A production increase to ship 6.0 Mtpa from Milne Port was approved from 2018 to 2021 and
shipping is expected to continue for the life of the Project (20+ years). During the first year of ERP Operations in
2015, Baffinland shipped ~900,000 tonnes of iron ore from Milne Port involving 13 return ore carrier voyages. The
amount of ore shipped increased in 2016 with 38 return ore carrier voyages shipping ~2.7 million tonnes. In 2017,
the total volume of ore shipped out of Milne Port reached ~4.2 million tonnes involving 56 return ore carrier
voyages. Following approval to increase production to 6.0 Mtpa, a total of 5.44 million tonnes of ore were shipped
via 71 return voyages in 2018, 5.86 million tonnes of ore were shipped via 81 return voyages in 2019, and

5.5 million tonnes of ore were shipped involving 72 return ore carrier voyages in 2020. The total volume of ore
shipped out of Milne Port in 2021 reached 5.6 million tonnes involving 73 return ore carrier voyages. An additional
vessel was called to Milne Port in 2021, but not loaded due to timing constraints at the end of the shipping
season. The Northern Shipping Route is inhabited by a variety of marine mammals, predominantly narwhal
(Monodon monoceros), ringed seal (Pusa hispida), harp seal (Pagophilus groenlandicus), bowhead whale
(Balaena mysticetus), polar bear (Ursus maritimus), bearded seal (Erignathus barbatus), beluga (Delphinapterus
leucas), and walrus (Odobenus rosmarus).
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1.2 Regulatory Drivers and Community Engagement

In accordance with existing Terms and Conditions of Nunavut Impact Review Board (NIRB) Project Certificate
(PC) No. 005, Baffinland is responsible for the establishment and implementation of the Marine Monitoring Plan
(MMP) which comprises environmental effects monitoring studies that are conducted over a sufficient time to
allow for the following objectives:

B To measure the relevant effects of the Project on the marine environment.

| To confirm that the Project is being carried out within the pre-determined terms and conditions relating to the
protection of the marine environment.

I To assess the accuracy of the predictions contained in the Final Environmental Impact Statement (FEIS) for
the Project.

The MMASP is one of several monitoring programs that collectively make up the MMP for marine mammals. The
MMASP was designed to address PC conditions related to evaluating potential disturbance of marine mammals
from shipping activities that may result in changes in animal distribution, abundance, and migratory movements in
the study area. Specifically, this included the following conditions:

B Condition No. 101 — “The Proponent shall incorporate into the appropriate monitoring plans the following
items:

m b, Efforts to involve Inuit in monitoring studies at all levels.
® c. Monitoring protocols that are responsive to Inuit concerns.

B e. Schedule for periodic aerial surveys as recommended by the Marine Environment Working Group
(MEWG).”

B Condition No. 109 (for Milne Inlet specifically) — “The Proponent shall conduct a monitoring program to
confirm the predictions in the FEIS with respect to disturbance effects from ships noise on the distribution and
occurrence of marine mammals. The survey shall be designed to address effects during the shipping
seasons, and include locations in Hudson Strait and Foxe Basin, Milne Inlet, Eclipse Sound and Pond Inlet.
The survey shall continue over a sufficiently lengthy period to determine the extent to which habituation
occurs for narwhal, beluga, bowhead and walrus”.

@ Condition No. 111 — “The Proponent shall develop clear thresholds for determining if negative impacts as a
result of vessel noise are occurring”.

B Condition No. 126 — “The Proponent shall design monitoring programs to ensure that local users of the
marine area in communities along the shipping route have opportunity to be engaged throughout the life of
the Project in assisting with monitoring and evaluating potential project-induced impacts and changes in
marine mammal distributions”.

GOLDER
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Since 2013, regular community engagement meetings regarding the Project have been carried out in Arctic Bay,
Clyde River, Sanirajak, Igloolik, and Pond Inlet. Primary concerns identified by the communities with respect to
potential Project effects on marine mammals along the Northern Shipping Route include the following:

B Loss or alteration of narwhal and ringed seal habitat due to port construction and shipping.
W Injuries or mortality of marine mammals due to ship strikes.

B Acoustic disturbance effects on marine mammals from port construction and shipping that may lead to
changes in animal distribution, abundance, migration patterns, and subsequent availability of these animals
for harvesting.

1.3  Existing Environment
Narwhal

The most current abundance estimate for the Baffin Bay narwhal population, corrected for availability and
observer bias, is 141,909 individuals (DFO 2015a; Doniol-Valcroze et al. 2020). In Canada, the Baffin Bay
narwhal population is currently managed as four summering stocks, each represented by a different geographic
aggregation (Somerset Island, Admiralty Inlet, Eclipse Sound, and East Baffin Island; DFO 2015a). There are also
large numbers of summering narwhal around Ellesmere Island that range over Jones Sound, Smith Sound,
Norwegian Bay, and adjacent bays and fiords. Collectively, these narwhal are recognized by Fisheries and
Oceans Canada (DFO) as the Jones Sound and Smith Sound stocks (DFO 2015a). The relationship of these
stocks with the four recognized Baffin Bay stocks and the Inglefield Bredning stock in Greenland is unclear. The
abundance estimate of the Eclipse Sound summering stock was estimated to be 20,225 individuals in

2004 (Richard et al. 2010), approximately 10,489 in 2013 (DFO 2015a), and 12,039 in 2016 (Marcoux et al.
2019). Lower numbers of narwhal observed in 2013 in the Eclipse Sound stock compared to 2004 was explained
by possible mixing between the Eclipse Sound and Admiralty Inlet summering stocks given the relatively higher
number of narwhal observed in Admiralty Inlet that same year (Doniol-Valcroze et al. 2015a). Documented
movements of individual narwhal between Eclipse Sound and Admiralty Inlet also raised the possibility of some
degree of exchange between the two summering areas during the period when aerial surveys are typically
conducted (DFO 2020; Doniol-Valcroze et al. 2015a). The combined abundance estimate of the Eclipse Sound
and Admiralty Inlet summering stock was estimated to be 45,532 in 2013 (Doniol-Valcroze et al. 2015a).

Inuit Qaujimajatugangit (IQ) also suggests that Pond Inlet and Arctic Bay share the same stock of narwhal (JPCS
2017). For example, the following respondent described narwhal travelling by Pond Inlet on their way to Arctic Bay
and states that the two areas share the same stock of narwhal:

“Narwhal go through Pond Inlet first before they get to Arctic Bay. Whales are like that too. They migrate. We
may have more narwhals and whales in our waters. Pond Inlet hunters are concerned, because they travel,
trying to reach the inlets. In the fall, they start heading back along the coast. It’s a cycle of migration. They
are feeding. This area, Eclipse Sound, might have less whales and narwhals due to increased traffic going
through. They may come more to the Arctic Bay area. We share the same stock of narwhals. We know from
the past there are less narwhals there. We know there are already impacts, compared to the past. It’s mainly
about Pond Inlet. We can’t really do anything here. For us, it's more benefit. We'll get more narwhals. But I'm
sympathetic to Pond Inlet. It’s mixed emotions.” - Jobie Attitag, 20-22 November 2015, p. 221, JPCS (2017).
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Interview data from the following respondent (QIA 2019) also suggest the same narwhal will utilise both Pond Inlet
and Arctic Bay areas:

“This could be the route to go, with the narwhals and sent here. From this side, narwhals ... | think some
narwhals coming to Arctic Bay, | think some goes through here and some going up to Milne Inlet. But, either
way. | mean the narwhals coming from here, like when the ice breaks up like end of June or a week after first
week of July when the ice breaks, narwhals usually go by Pond here, coming from the floe edge. (P23, 28-
Apr-19)” - Anonymous, 28 April 2019, p. 42, QIA 2019.

Available information on narwhal distribution (Richard et al. 1994; Heide-Jgrgensen et al. 2002; COSEWIC 2004a;
Laidre et al. 2004; Marcoux et al. 2009; Richard et al. 2010; Watt et al. 2012; DFO 2015a; Elliott et al. 2015;
Thomas et al. 2015, 2016; Golder 2018a) indicated that the RSA is regularly used during summer and fall,
although the distribution of narwhal varies throughout the season. In spring and early summer, narwhal migrate to
their summering habitats. In the case of the Eclipse Sound stock, they concentrate mainly in Milne Inlet, Koluktoo
Bay, and Tremblay Sound during the summer. IQ suggests narwhal are concentrated in Tremblay Sound, western
Eclipse Sound, Milne Inlet, and Koluktoo Bay (JPCS 2017, QIA 2019).

“Our narwhal hunting is floe edge and then Milne Inlet and Tremblay, but we’ve also come in here, like, Mount
Herodier area. We don’t often go into Navy Board, but we have...” - Anonymous, 27 April 2019, p.39, QIA
20109.

“Yeah, both Tremblay and Milne are, like, usually on a daily basis you’ll see narwhal ... You can see
anywhere from, like, a pod of fifty to, like, several, several, several pods, which are travelling together, like, I'd
say hundreds at a time ... Like, there’s been times when water is dead calm, like, mirror, and we see the first
few narwhal and then before we know it, it’s like, the waves have hit, because there’s that many narwhal in
the area.” - Anonymous, 27 April 2019, p.42, QIA 2019.

“I know this, the change of — narwhals. There’s usually narwhals around here [mouth of Qinngua]. But since
the Baffinland is carrying ships, most of the narwhals are now like away from the area they usually be. Yeah.
Like lots of narwhal usually around here ... But one time, | think it was last year, people were noticing the
difference too. They started seeing killer whales here instead of narwhals. Yeah. | think the shipping route is
the effect of the animals.”— Anonymous, 8 February 2019, p. 48, QIA 2019.

Marine mammal aerial surveys conducted for the Project were first undertaken during the 2007—2008 open-water
seasons. Subsequent aerial surveys were conducted in 2013 and 2014 to establish marine mammal distribution
and density estimates along the Northern Shipping Route during the open-water season and prior to ERP
operations. In 2015, aerial surveys were undertaken with a modified approach to attempt to examine potential
effects of Project shipping on marine mammal distribution and density estimates during the first year of ERP
operations. In 2016, photographic aerial marine mammal surveys were conducted by DFO along the Northern
Shipping Route and adjacent inlet areas. Aerial photography from these surveys was analyzed by Golder on
behalf of Baffinland in 2016 to calculate narwhal abundance and density estimates for Milne Inlet, Eclipse Sound,
Tremblay Sound and Pond Inlet, based on conventional distance sampling methods (Golder 2018b). The analysis
was limited to two survey days (15 and 21 August 2016). DFO released the results of their analysis of the

2016 aerial surveys in June 2019 (Marcoux et al. 2019). In 2019 and 2020, aerial surveys were conducted using
distance-based line-transect sampling combined with high-resolution photography to determine the relative
abundance and distribution of marine mammals near the Pond Inlet floe edge prior to and during initial shipping
and icebreaking operations, and to obtain abundance estimates of narwhal during the open-water season for the
Eclipse Sound and Admiralty Inlet summer stock areas (Golder 2020a, 2021a).
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Bowhead whale

Bowhead whale aerial survey abundance estimates for the Eastern Canada-West Greenland (EC-WG) population
in 2002—-2004 and 2013 indicated population numbers in the thousands and increasing significantly since
commercial whaling protection was provided in the early 20th century (COSEWIC 2009, DFO 2015b). This
population of whales spends summers in Baffin Bay and adjoining waters of the Canadian High Arctic with the
RSA included as part of their summer aggregation area (COSEWIC 2009).

Milne Inlet, Eclipse Sound and Pond Inlet are not thought to represent important summering areas for bowhead
given the low number of bowhead sightings reported in these areas during the summer season. During six years
of shore-based monitoring conducted for Baffinland from 2013 to 2017 and 2019 to 2021, a total of 21 bowhead
were recorded near Bruce Head (Thomas et al. 2014; Smith et al. 2015, 2016, 2017; Golder 2018c, 2020b,
2021b, 2022a). Similarly, a total of 14 bowhead were recorded along the Northern Shipping Route during three
consecutive years of aerial surveys conducted between 2013 and 2015 during the open water period (Elliott et al.
2015; Thomas et al. 2015, 2016). Based on the most recent High Arctic Cetacean Survey completed by DFO in
the Project area, the predicted number of bowhead in Eclipse Sound during 2013 was 32 (Doniol-Valcroze et al.
2015a). During Leg 1 of 2019, when bowhead were migrating through the RSA, the calculated abundance of
bowhead in the RSA was 176 (15 July) and 1,291 whales (21-22 July), respectively (Golder 2020a). Bowhead
numbers during Leg 2 of 2019 and 2020 were too low to calculate an abundance with only four bowhead recorded
in the RSA in 2019 (Golder 2020a) and one bowhead recorded in 2020 (Golder 2021a). During four years of the
Ship-Based Observer (SBO) program conducted for Baffinland from 2013 to 2015 and in 2018, bowhead whale
were not observed (SEM 2014, 2016; Golder 2019a). In 2019, 23 sightings of 25 individual bowheads were
recorded during the SBO program (Golder 2020c).

Observations of bowhead whale in the RSA were consistent with 1Q, including observations of bowhead
aggregating in the RSA in Aujaq (end of July to September; Hay et al. 2000, JPCS 2017). For example, bowhead
were reported to enter the inlets late into July when the ice is breaking up and can occur in large numbers:

“Bowhead whales may be at the floe edge at this time. We don't try to catch them because we need
permission. August 2010 was our last bowhead hunt. We see porpoises sometimes, but do not harvest them
[Group Discussion].” — Anonymous, 3-4 March 2015, p.158, JPCS 2017.

“...bowhead whales started to penetrate deeper into the inlets to start feeding......late into July when the ice
is breaking up. That was also the time that they would be feeding without fear of predators such as killer
whales. [Kooneeloosie Nutarak, Sr., Pl/ws] BB179” — Kooneeloosie Nutarak, p.37, 17-18 March 1997, Hay et
al. 2000.

According to Hay et al. (2000), “One informant from Pond Inlet reported an annual occurrence of bowheads at the
floe edges off Pond Inlet, Navy Board Inlet, and Tallurutiit/Lancaster Sound. Others have reported that bowhead
whales occur in large numbers in the Pond Inlet area during summer. One informant reported that his wife
counted a minimum of 74 bowheads on migration in Navy Board Inlet during summer 1996” (p.67).

Bowhead whales were also described to migrate through the area with their calves at this time of year. According
to the JPCS (2017) 1Q report, “bowhead whales will also migrate through the area with their calves in Aujaq but
are not actively harvested by Inuit due to strict quotas that are in place” (p.32).

“July is the month that we change from using a snowmobile on the ice to a boat on the water. Bowheads will
migrate through with calves but we haven’t seen them calve in this area. They go in family groups (the
bowhead harvest site from 2010 was marked on the map). It took us 3 days to butcher the whale.” —
Anonymous, 3-4 March 2015, p.159, JPCS 2017.
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Killer whale

Killer whales (Orcinus orca) frequent the high Arctic primarily during the open-water season (Higdon 2007) and
have been recorded in the region as early as the mid-1800s (Reeves and Mitchell 1988). Earlier studies reported
that this species was uncommon in northern Baffin Bay and Lancaster Sound between August and October (Koski
and Davis 1979). By 2001, regular sightings of killer whales were reported in Cumberland Sound, Lancaster
Sound, and Pond Inlet (Baird 2001). Regular occurrences of killer whale have been reported in Pond Inlet during
spring, summer, and fall, with most of the reported sightings occurring during July—August (Higdon 2007). Killer
whales have also been observed in and around Eclipse Sound and Tremblay Sound (Campbell et al. 1988;
Marcoux et al. 2009) and in Milne Inlet and Koluktoo Bay on several occasions when they were observed hunting
narwhal (Ferguson et al. 2012). During five consecutive years of shore-based monitoring conducted for Baffinland
from 2013 to 2017, no killer whale were recorded (Thomas et al. 2014; Smith et al. 2015, 2016, 2017; Golder
2018c). Although, killer whales were observed in South Milne Inlet by Mr. Panipakoocho as he departed Bruce
Head camp in 2015 (Smith et al. 2016). On 18 August 2019, observers stationed at Bruce Head observed one
sighting of eight killer whales in south Milne Inlet (Golder 2020b). On 26 and 27 August 2020, 67 and 18 killer
whales, respectively, were observed from Bruce Head (Golder 2021b). Killer whale were not observed in the RSA
during three consecutive years of aerial surveys conducted between 2013 and 2015 during the open water period
(Elliott et al. 2015; Thomas et al. 2015, 2016). Killer whales were observed during the 2019 MMASP on 21, 26,
and 29 August (Golder 2020a). While it is unclear whether the same killer whales were observed repeatedly in
2019, and where they travelled between surveys, the observations demonstrate that killer whales were likely in
the RSA from 17-30 August during Leg 2 of the 2019 MMASP. During the 2020 MMASP, three killer whale
sightings were observed on 27 August and one sighting was observed on 29 August (Golder 2021a). It is likely
the third sighting of killer whales on 27 August was a resighting of the first sighting.

IQ indicates that it is not common for killer whales to be observed at floe edge or leads because their dorsal fins
interfere with ice travel. According to 1Q from QIA (2018), “beluga are subject to predation by killer whale and
polar bear and can become entrapped in ice. When chased by killer whales, they move to shallower waters that
cannot be navigated by killer whales. Despite the risk of entrapment, ice is used to avoid killer whales whose
dorsal fins interfere with movement in icy waters” (p.45) and “killer whales are generally not noted at floe edge or
leads. Their dorsal fins interfere with ice travel...” (p.56).

IQ respondents also reported that killer whales do not normally arrive until Aujaq, i.e., July to September (JPCS
2017, QIA 2018, 2019).

“The same harvesting activities as Upirngaaq occur, but in different areas. No polar bears are harvested and
walrus would be very rare. We are starting to see porpoises. We have not harvested them. We see killer
whales in Eclipse Sound at this time of year. They do not come until summer. Killer whales are “sea wolves”.
We consider them our hunting partners, we don’t hunt them [Group Discussion].” — Anonymous, 3-4 March
2015, p. 158, JPCS 2017.

“And one of the other reasons that we see now is that there is a whole lot more killer whales coming to Pond
Inlet area, like lots of them; and again, | was talking about earlier that there’s different factors involved in
narwhals not migrating to Pond Inlet area as they used to, and | believe this is one of them as well. The Killer
whales two years ago stayed in Milne area all summer and kept the narwhals away from that area; and
again, they’re killers, they’ll just kill. (P13, 06-Feb-19)” — Anonymous, 6 February 2019, p. 141, QIA 2019.
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IQ from QIA (2018) reported that, “... killer whales have been observed leaving before freeze up so that they will
not be trapped in ice. As with other whales, harvesters have indicated that killer whales seem to avoid areas with
too many boats and that they may be sensitive to noise” (p.56). Killer whales have not been observed during any
of the five ship-based monitoring programs between 2013 to 2019 (SEM 2014, 2016; Golder 2019a, 2020c).

In 2009, Argos tracking tags were simultaneously deployed on killer whale and narwhal in Admiralty Inlet to
understand how predation risk from killer whale affects narwhal behaviour (Breed et al. 2017). Results from the
study showed that the presence of killer whale strongly altered the behaviour and distribution of narwhal. Killer
whale presence also caused narwhal to move closer to shore. Dive behaviour was also affected, causing narwhal
to perform deeper dives and shorten their dives. Behavioural changes in narwhal were reported to extend beyond
active predation events, with altered behaviour and habitat use persisting steadily for the duration (10 days) that
killer whales shared the habitat with narwhal.

Beluga whale

Beluga in the RSA are part of the Eastern High Arctic — Baffin Bay population; one of seven populations known to
occur in Canadian waters at some point during the year (COSEWIC 2004b). It is assumed these beluga shift from
their winter habitat in Baffin Bay and along Western Greenland to the ice-free or pack-ice in Baffin Bay. During the
spring migration, beluga travel from Baffin Bay into areas along east and north Baffin Island as the fast ice breaks
up, occupying regions of Lancaster Sound, Barrow Strait, Peel Sound and Baffin Bay during the summer open-
water season. The RSA lies within the full extent of beluga summer habitat though is not part of beluga core
summer habitat and any beluga observed in the RSA are probably passing through on their way to their summer
core habitat.

During five consecutive years of shore-based monitoring conducted for Baffinland from 2013 to 2017, no beluga
were recorded (Thomas et al. 2014; Smith et al. 2015, 2016, 2017; Golder 2018c). In 2019, six beluga were
recorded and in 2020 and 2021, one beluga was recorded during the shore-based monitoring program (Golder
2020h, 2021b, 2022a). Beluga were not observed in previous Baffinland aerial surveys in the RSA from 2013 to
2015 (Elliott et al. 2015; Thomas et al. 2015, 2016). A total of four beluga were observed in the RSA during the
2019 MMASP (Golder 2020a). Three were sighted during the early shoulder season and one was sighted during
the open water season. A total of five beluga were observed in the RSA during the 2020 MMASP (Golder 2021a)
with four sighted during the early shoulder season and one during the open water season. During three
consecutive years of ship-based monitoring conducted for Baffinland from 2013 to 2015, beluga were not
observed (SEM 2014, 2016). No belugas were observed during the 2018 SBO program (Golder 2019a), but one
beluga whale was recorded during the 2019 SBO program (Golder 2020c).

Observations of low numbers of beluga in the RSA are consistent with IQ which reports that, “beluga traditionally
do not remain near Pond Inlet... Rather, they migrate through Eclipse Sound and Navy Board Inlet moving
westward and northward.” (p. 47, QIA 2018). Beluga and narwhal are also reported to travel in tandem and
frequently inhabit that same area at similar times and hunting of both species takes place near the floe edge and
during open water periods, e.g., May and September (QIA, 2018). However, beluga have also been reported to
give birth in the area (QIA 2018) “...during Upirngasaaq, the whales gather at the floe edge waiting for the break-
up of ice. Beluga have been known to birth in southern Navy Board Inlet, southern Milne Inlet, and Koluktoo Bay.”

(p. 47).
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Polar bear

Polar bear are common in the RSA and throughout most of the Canadian Arctic archipelago. Individuals belonging
to the Baffin Bay population occupy drifting pack ice and landfast ice between Baffin Island and west Greenland
during winter but can be concentrated along the landfast ice edge in Lancaster Sound (Koski 1980; Ferguson et
al. 2000; Ferguson et al. 2001). Polar bears were also concentrated along the landfast ice edge near Pond Inlet
and Navy Board Inlet during spring. In August, polar bear are forced ashore by the absence of ice (Taylor and Lee
1995; SWG 2016) and spend this period on Bylot Island and Baffin Island (Lunn et al. 2002). Denning activity by
pregnant females is concentrated along the North coast of Bylot Island and coastal areas of Baffin Island near
Pond Inlet, Admiralty Inlet and Navy Board Inlet (Baffinland 2010). Generally only males and subadults are found
in offshore pack-ice areas with only rare sightings of females with young observed in these areas (APP 1982).
Polar bears also frequent fast-ice edges in this area (APP 1982). Polar bears from the Lancaster Sound
subpopulation tend to occupy the central and eastern part of their range during winter but move westward during
spring to summer on multi-year pack ice in eastern Viscount Melville Sound (Schweinsburg et al. 1982).

During eight years of shore-based monitoring conducted for Baffinland from 2013 to 2017 and 2019 to 2021, a
total of 11 polar bears were recorded near Bruce Head (Thomas et al. 2014; Smith et al. 2015, 2016, 2017;
Golder 2018c, 2020b, 2022a). A total of 14 polar bears were recorded in the RSA during three consecutive years
of aerial surveys conducted between 2013 and 2015 (Elliott et al. 2015; Thomas et al. 2015, 2016). In 2019, six
polar bears were recorded in the RSA during the shoulder season (July) and 14 polar bears were recorded during
the open water season (Golder 2020a). During aerial surveys conducted in 2020, 24 polar bears were recorded in
the RSA during the shoulder season and 25 polar bears were recorded over the open water season (Golder
2021a). Over three consecutive years of ship-based monitoring conducted for Baffinland from 2013 to 2015, polar
bear were not observed (SEM 2014, 2016). Two polar bears were observed in each year of the 2018 and

2019 SBO program (Golder 2019a, 2020c).

1Q supports many of these findings (JPCS 2017, QIA 2019) reporting concentrations of polar bear along landfast
ice in the area, including Pond Inlet and Navy Board Inlet during the spring.

“... pond Inlet floe edge activities continue in Upirngaksaaq, including the hunting of ringed and bearded
seal, narwhal, polar bear, and walrus (although this species in not often hunted here).” (p.26, JPCS 2017).

“March, April, May is when it is busier for polar bear hunting. [Elijah]” — response regarding land use in
Eclipse Sound and Navy Board Inlet areas, Elijah, 9-10 May 2016, p.228, JPCS 2017.

“I do a lot of seal hunting around that area [floe edge at Sannirut]. And when | go look for polar bear, that’s
where | usually go too, because there’s always a fresh track. (P09, 05-Feb-19)” — Anonymous, 5 February
2019, p.39, QIA 2019.

As well, 1Q reports female denning activity in coastal areas of Baffin Island near Pond Inlet.

“More polar bear dens are found southeast of the floe edge. Young seals can’t be found in those areas
because the bears eat them [Group Discussion].” — Anonymous, 3-4 March 2015, p.155, JPCS 2017.

“We used to use that for overnight site for hunting caribou. Just right beside that cabin, just only about 50 feet
away from the cabin there [close to Sannirut] was a little land, a slope like this onto the shore in that area,
there was a polar bear denning just about 50 feet away from a cabin here. (P11, 06-Feb-719)” — Anonymous,
6 February 2019, p.107, QIA 2019.
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Ringed seal

Population structures of ringed seal across the Canadian Arctic are poorly understood in general. The ringed seal
population in Canada and adjacent waters (West Greenland, Alaska and Russia) is estimated at 2.3 million seals,
with low confidence (COSEWIC 2019). Finley et al. (1983) estimated the Baffin Bay region (Canada and
Greenland) to have approximately 787,000 ringed seals. Kingsley (1998) estimated the size of the Baffin Bay
ringed seal population using two methods, one based on polar bear energetic models and another using
published density data and estimates of ice areas. The polar bear model yielded a ringed seal population estimate
of 1.2 million. The estimate based on sea ice type and availability and estimated ringed seal density was

697,200 hauled out seals, which would yield a similar population estimate as the polar bear predation model

(1.2 million seals) (Kingsley 1998).

Aerial surveys of ringed seal in the RSA have been undertaken during the molting period (spring) when ringed
seal are largely on the sea ice and easy to count (Yurkowski et al. 2018, Young et al. 2019). Yurkowski et al.
(2018) noted several ringed seal hotspots throughout the RSA during the June spring molt, well ahead of the start
of shipping operations in July. Their results provided density estimates ranging from 0.57 to 0.79 seals/km? for
Eclipse Sound, 0.93 to 1.27 seals/km? for Milne Inlet, and 0.27 to 0.77 seals/km? for Navy Board Inlet. Ringed seal
surveys were also undertaken in June 2021 in the RSA. Results from the 2021 survey indicated that ringed seal
densities are stable in Eclipse Sound and Navy Board Inlet strata and increased in Milne Inlet stratum compared
to surveys flown in 2016 (Golder 2022b). Ringed seal hotspots were identified in similar geographic areas in

2021 as in 2016-2017, with hotspots in western Eclipse Sound, southern Milne Inlet and Tremblay Sound.

IQ from reported in JPCS (2017) indicated that the seal pupping season runs from February to March with seal
pupping occurring throughout the RSA. Seal pups in the area as late as the middle of April.

“...seal hunting also continues in Ukiug and seal pupping will last into March. Ringed seal pups are preferred
by local Inuit and are harvested throughout Eclipse Sound.” (p.32, JPCS 2017).

"There are seal pups in the area until the middle of April." — Elijah, 27-29 April 2015, p.165, JCPS 2017.

"There are no certain areas for seal pups; they are born everywhere. Even along the routes we travel. That is
something that needs to be monitored."” - Paniloo, 27-29 April 2015, p. 171, JPCS 2017.

Harp seal

Harp seal are seasonal visitors to the Arctic, arriving along the southwest coast of Greenland in late May and
June (APP 1982) and then entering Lancaster Sound in July and August (Johnson et al. 1976; Greendale and
Brousseau-Greendale 1976; APP 1982). Harp seal tend to enter Pond Inlet and Navy Board Inlet at the end of
July (Miller 1955) with larger groups observed near the southern entrance of Navy Board Inlet and occasionally in
Eclipse Sound throughout August and September (Miller 1955; Beckett et al. 2008). The number of adult harp
seal entering Lancaster Sound and Eclipse Sound is variable (Tuck 1957; Greendale and Brousseau-Greendale
1976; Johnson et al. 1976; Riewe 1977, APP 1982).

IQ also notes that harp seal occur in the area being harvested occasionally and that harp seal presence in the
area has increased (JPCS 2017).

“The hunters and elders had some concerns during the past summer. We only saw harp seals in our area...
[Jimmy]” — Jimmy, 26 — 27 October, p. 177, JPCS 2017.

“.. I would prefer more people hunt harp seals because we have too many. It's a change we’ve observed.” —
Elijah, 26 — 27 October, p. 179, JPCS 2017.
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Bearded seal

The distribution of bearded seal is largely determined by the presence of shallow water and distribution of ice
(Burns 1981; Finley and Evans 1983; Kingsley 1986; Harwood et al. 2005; Kovacs et al. 2011). Bearded seal
generally move into inlets and bays <200 m deep to feed during open-water periods and return to areas offshore
of the floe edge in the fall once landfast ice has formed (Burns and Frost 1979). They are rarely found in fast-ice
areas but are widely dispersed in open-water areas of pack ice where leads and cracks are frequent and where
ice pans are sufficient for haul-out sites (McLaren and Davis 1982).

IQ also reported that bearded seal were associated with the distribution of ice and harvested in the Pond Inlet
area.

“Seal hunting along the ice cracks occurs in the winter (the perennial ice cracks were indicated on the
corresponding map). We hunt mainly ringed seals and occasionally bearded seals along the cracks. Seal
hunting at breathing holes occurs anywhere there is ice [Jimmy/Joshua/Elijah].” — Jimmy/Joshua/Elijah, 3-
4 March 2015, p.155, JPCS 2017.

“The busiest time of the year at the Pond Inlet floe edge is June; but it is used all the time when there is ice. It
is always busy. It can be used up to July. May is also very busy. Walrus come through during this season,
but not often. Bearded and ringed seals are here at the floe edge too.” — Anonymous, 3-4 March 2015, p.156,
JPCS 2017.

“We go to the south coast of Bylot Island, west of Pond Inlet, to hunt seal. That's where it is busiest. We hunt
ringed, bearded, and sometimes hooded seals. We don’t hunt harp seals. Ringed seals are the most popular.
Hooded seals are rare but we sometimes get them [Paniloo].” — Paniloo, 3-4 March 2015, p. 154, JPCS
2017.

“People hunt whatever they can catch. In May, hooded and bearded seals sometimes come into the area.
[Joanasie]” — Joanasie, 9-10 May 2016, p. 228, JPCS 2017.
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20 LEG1: EARLY SHOULDER SEASON SURVEYS IN ECLIPSE SOUND

2.1  Objectives

The 2021 MMASP was staged in three separate survey legs. Leg 1 targeted a 21-day window starting in mid-July,
when narwhal undergo their spring migration through Eclipse Sound. The objective of the Leg 1 surveys was to
collect data on the presence/absence and distribution of marine mammals prior to and during initial shipping
operations in the RSA.

2.2 Survey Team and Training

Leg 1 of the 2021 aerial survey took place over one 21-day period (18 July to 3 August 2021) with one aircraft
based out of the Mary River mine site. The survey team consisted of personnel that flew in the previous survey
years (2019 and 2020), with two Golder biologists and three contracted marine biologists with previous marine
mammal survey experience as Marine Mammal Observers (MMOSs) on this program, two pilots, and one
mechanic.

Prior to mobilization, the survey team attended a one-day Baffinland orientation workshop that was held at Mary
River on 17 July 2021. The workshop aimed to familiarize team members with Baffinland’s policies and
procedures, including health and safety, while working at Mary River.

2.3  Study Area and Design

The study area for the Leg 1 surveys was based on the boundaries used in previous surveys from 2013 to

2016 (DFO 2017; Golder 2017), with an additional stratum in Baffin Bay added in 2019 and surveyed from 2019 to
2021 (Figure 2; Golder 2020a, 2021a). Leg 1 was designed to collect data on the presence/absence and
distribution of marine mammals prior to and during initial shipping operations in the RSA (Figure 3).
Reconnaissance flights were also flown in Admiralty Inlet, around Bylot Island, and in two fjords (North Arm and
Coutts Inlet) to verify narwhal presence/absence in these areas.

Systematic random visual line-transect surveys were flown for all strata in open water with the location of the first
line chosen at random. The blue transects had an east-west parallel line design, with a transect line spacing of
approximately 5 km (see Figure 3). The red transects had a north-south parallel line design, with transect line
spacings of approximately 8.6 km for the Eclipse Sound East and Pond Inlet strata, and approximately 4.3 km for
the Eclipse Sound West stratum. East-west parallel line design, with a transect line spacing of approximately

10 km was used for Navy Board Inlet due to the low numbers of narwhal observed in previous survey years and
northeast-southwest parallel line design, with an approximately 4 km transect line spacing, was used for Milne
Inlet North transects (see Figure 3). A single transect was flown down the center of each of the fjords.

The survey design consisted of systematically placed and evenly distributed (when possible) line transects across
the survey area (Figure 3). Transects were generally straight and uniformly spaced across large waterbodies but
were occasional skewed to follow the shoreline contour. This was necessary in areas where the survey aircraft
could not safely perform the turns necessary to cross waterbodies perpendicular to shorelines.
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2.4 Material and Methods
24.1 Field Methodology

Surveys were flown in a de Havilland Twin Otter (DH-6) equipped with bubble windows and an optical glass
covered camera hatch at the rear. Visual line transect surveys were conducted at an altitude of 305 m (1,000 ft)
and a ground speed of 185 km/h (100 kn) with four experienced MMOs. MMOs were stationed at the front and
rear bubble windows that provide a view of the track line directly below the aircraft. MMOs were instructed to
focus their attention on the area closest to the track line and to use their peripheral vision for sightings farther
afield. Speaking into a handheld digital recorder, observers counted all sightings of marine mammals. Using a
geometer (or clinometer), the perpendicular declination angle to the center of each group was measured once it
was abeam of the observer. MMOs noted the species and nhumber of animals in the group. A ‘group’ was defined
as animals within one or a few body lengths of each other and oriented or moving in a similar direction. When time
permitted, observers were instructed to give additional details on the sightings, such as the presence of calves,
tusked narwhal, behaviour and direction of travel. The two MMOs stationed on the same side of the aircraft were
separated visually and acoustically to achieve independence of their conditional detections. A fifth member of the
survey team was responsible for monitoring the camera system and entering additional sighting data obtained
from the primary observers into the database.

Two MMOs were designated as ‘Primary’ observers and two were designated as ‘Secondary’ observers. In
addition to counting animals, all observers were responsible for dictating the following environmental conditions
throughout the surveys into the recorders: ice concentrations (in tenths), sea state (Beaufort scale), fog (% of field
of view and intensity) and glare (% of field of view and intensity). These environmental conditions were recorded
at the start and end of each transect, at regular intervals (every 2 minutes) along the transect or sooner if changes
were detected throughout the transect.

The area directly below the aircraft was photographed continuously throughout each visual survey using the
camera system described in Section 3.4.1.2. Photographs taken during the visual surveys were used to
supplement visual sightings for missed geometer angles and group sizes.

Sightings from Primary observers were automatically entered into the Mysticetus program by the Primary
observers using geometers during the survey. Geometers were linked to the Mysticetus program, allowing
Primary observer data (i.e., date, time, location, and declination angles) to be enter electronically into the
Mysticetus program in real time. Additional sighting data and environmental conditions recorded on audio
recorders were transcribed into the Mysticetus program after the flight. Sightings were georeferenced and transect
lengths were calculated in Mysticetus. Strata areas were determined in ArcGIS. Sightings where angles of
declinations were not recorded were compared to the photographic records. The perpendicular distance was
retrieved from the pixel position of the sighting on the photo if a visual sighting was identified without ambiguity on
the corresponding photo. If the sighting was not made within the swath width of the picture, could not be found, or
could not be identified from other sightings unambiguously, the sighting was coded as missing distance. Sightings
where group size were not recorded, or were coded as ‘uncertain’, were compared to the photographic records,
and group size was retrieved if a match could be made based on perpendicular distance. Otherwise, sightings
with missing group size were given the average group size in that stratum (posterior to estimation of the expected
group size so that it does not affect the estimation of its variance).
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2.4.2 Data Analysis

Animal detection rates were calculated and expressed as number of sightings/km and number of animals/km
(used as a proxy for relative abundance). Observational effort was calculated relative to survey distance in linear
kilometres using trackline Global Positioning System (GPS) data extracting segments of effort using start and end
times recorded during surveys while on transect. Sightings were therefore expressed relative to observational
effort consistent with other similar studies and methods (Nichols et al. 2005). Relative narwhal abundance was
calculated using the following two methods:

1) Systematic — A pre-established grid of systematic transect lines was surveyed in areas in the RSA with
<9/10 ice concentrations. This included open-water areas and areas associated with low to moderate ice cover.

2) Dedicated — Transect lines were surveyed along open-water leads associated with consolidated sea ice
(=9/10 ice concentrations), along the floe edge, and along the ship route.

Animal sighting rates were calculated and expressed as number of sightings/km (no. of sightings relative to
survey effort in km). Animal detection rates were calculated and expressed as number of animals/km (used as a
proxy for relative abundance)?!.

2.5 Leg 1 Survey Results

Early season aerial surveys for narwhal were conducted in the North Baffin area during July and early August
2021. The objectives of the surveys were to collect data on the presence/absence and distribution of marine
mammals prior to and during initial shipping operations in the RSA. Early shoulder season surveys (Leg 1) were
flown in the Eclipse Sound grid from 18 July to 3 August. A total of seven surveys on marine mammal
presence/abundance and two exploratory reconnaissance surveys were attempted in Leg 1.

251 Survey Coverage

When surveys began on 18 July 2021, ice conditions were similar to those observed in 2019 with no fast ice
present along the shipping corridor (Figure 4; see Appendix B, Figure B-1). Open water was present throughout
western Eclipse Sound and Milne Inlet with pack ice in central and eastern Eclipse Sound, Pond Inlet, and Baffin
Bay. The ice then shifted into Milne Inlet and western Tremblay Sound with minimal ice in Navy Board Inlet and
ice becoming less consolidated in eastern Eclipse Sound (Figure 5; see Appendix B, Figure B-3). On the first day
of shipping operations (24 July 2021), when two tugs transited to Milne Port for safety reasons due to poor
weather, there was ice present in Milne Inlet and western Eclipse Sound (Figure 6; see Appendix B, Figure B-6).
Two days later (26 July 2021), during the first transit of one ore carrier followed by the MSV Botnica, almost all the
ice has broken up with exception of an ice belt of 1-3/10 ice concentration in southern Milne Inlet from Bruce
Head to the opposite shoreline (Figure 7; see Appendix B, Figure B-7).

1 Observational effort was calculated relative to survey distance in linear kilometres using trackline GPS data and extracting segments of effort
using start and end times recorded during surveys while on transect.
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Figure 4: Ice chart for 18 July 2021 (left; Canadian Ice Service) and satellite image (right; Zoom Earth;
https://lzoom.earth) showing ice conditions in Eclipse Sound area at the start of Leg 1 aerial surveys.
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Figure 5: Ice chart for 23 July 2021 (left; Canadian Ice Service) and satellite image (right; Zoom Earth)
showing ice concentrations in Eclipse Sound prior to shipping operations with ice concentrations of
1/10 to 6/10 along the Northern Shipping Route.
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Figure 6: Ice chart for 24 July 2021 (left; Canadian Ice Service) and satellite image (right; Zoom Earth)
showing ice concentrations on the first day of shipping operations in Eclipse Sound with ice
concentration of <7-8/10 along the Northern Shipping Route. Two tugs entered the RSA for safety reasons
due to poor weather conditions.
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Figure 7: Ice chart for 26 July 2021 (left; Canadian Ice Service) and satellite image (right; Zoom Earth)
showing ice concentrations in Eclipse Sound on the first day of shipping operations, when MSV Botnica
and ore carriers entered the RSA with ice concentration of <1/10 along the Northern Shipping Route.
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Nine surveys (including two reconnaissance surveys) were flown over 21 days during Leg 1 (see Appendix B;
Figures B-1 to B-10). Over the course of the nine surveys, a total of 8,006.0 km of survey effort was conducted.
This effort included systematic transect lines, dedicated transects (i.e., the ship route), and reconnaissance flights
(Table 1). Systematic transects (i.e., pre-planned transects; see Figure 3) were flown in areas with <9/10 ice to
open water and dedicated transects were flown along the ship route. Systematic transect lines totaled 6,229.9 km,
dedicated transect totaled 109.2 km and reconnaissance flights totaled 1,666.9 km of total effort.

Table 1: Summary of 2021 Leg 1 survey flights. Systematic transect lines (S), dedicated transect lines (D),
and reconnaissance (R) were flown over nine surveys in nine strata.

Recon Survey | Survey Recon Survey | Survey Survey Survey = Survey

1 1 2 K] 4 5 6 7

S 18 July | 19 July " 23July 24 July 2726 . 28- imy 3 Aug
July 30 July 2 Aug

Baffin Bay (BB) R — — R S — — — —
Pond Inlet (PI) R S S — S S S S —
Eclipse Sound East (ESE) R S S — D S S S —
Eclipse Sound West (ESW) R S S R D S S S S
Milne Inlet North (MIN) R S S — S S S S S&R
Milne Inlet South (MIS) R S S — — S S S S
Tremblay Sound (TB) — — S — — S S S S
Navy Board Inlet (NB) — — S R — S S S S
Fjords — — S R — S S S S
Admiralty Inlet — — — R — — — — —
Bylot Island — — — R — — — — —
(Skyrﬁ;ema“c transects 0.0 817.4 |1,089.7| 00 | 3054 | 1,059.6 | 1,248.1 | 1,060.0 | 649.7
Dedicated transects (km) 0.0 0.0 0.0 0.0 109.2 0 0 0 0
Recon. (km) 183.5 0.0 0.0 1,451.9 0 0 0 0 315
Total Effort (km) 183.5 817.4 1,089.7 | 1,451.9 414.6 1,059.6 | 1.248.1 | 1,060.0 681.2

2.5.2 Sighting Conditions

MMOs recorded environmental sighting conditions during visual surveys at the beginning and end of each
transect and when conditions changed along the track. Sighting conditions were recorded within the MMO field of
view (1 km of the transect line; see Appendix A) and were evaluated based on survey effort when each condition
was observed.

oGOLDER 19
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Ice Cover

Ice cover ranged from <1/10 to 9-10/10 ice cover during Leg 1 of the 2021 MMASP (Figure 8). Ice conditions
changed, with ice cover decreasing, from the first survey on 18 July to the second to last survey on the 31 July
with <1/10 ice after 31 July (see Figure 4 to Figure 8; see Appendix B, B-1 to B-10). Fast ice was present in the
RSA until the 12 July before the start of Leg 1. Survey effort in areas of high ice concentrations (i.e., 9-10/10 ice)
did not include any ice leads during Leg 1 of the 2021 MMASP. Areas of <1/10 ice represented 86% of the total
survey effort flown, whereas areas of 9-10/10 ice represented 2% of the total survey effort flown.

Ice Cover
100% —
—_ ]
S o
E 80%
o 70%
=
g 60% =9-10/10
7 50% 7-8/10
2
© 40% ®4-6/10
g 30% = 1-3/10
-
8 20% m<1/10
E 10%
0%
1 2 3 4 5 6 7
Survey No.

Figure 8: Ice Cover during Leg 1 of the 2021 MMASP.
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Fog

Two measurements of fog were used as sighting conditions. Fog cover was assessed as the percent (0—100%) of
fog obscuring the viewing area and fog intensity (four levels: “none” when there was no fog, “light” fog that
animals were visible through, “moderate” when animals were likely missed in the fog, and “thick” when animals
were certainly missed in the fog). Areas that were forecasted to be foggy were avoided when daily surveys were
planned. In Figure 9, “Present” represents a condition when 1-100% of the viewing area was obscured with fog.
Surveys 2 to 7 had fog present. Fog was present for 2% of the total effort flown in 2021.

Fog

100%
= o8%
S
£ 96%
q;; 94%
7 92%
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% 90% mNone
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1 2 3 4 5 6 7

Survey No.

Figure 9: Fog Cover During Leg 1 of the 2021 MMASP
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Beaufort Sea State

On a scale of 0 to 12, the Beaufort Sea State (BF) ranged from BF 0 (glassy mirror) to BF 6 (large waves) during
Leg 1 of the 2021 MMASP (Figure 10). Sea state conditions were recorded between BF 0 (glassy mirror) and BF
3 (large wavelets, scattered whitecaps) for 92% of the total effort flown. Areas that were forecasted to have high
sea states were avoided when daily surveys were planned. If sea state conditions exceeded BF 4, the area was
generally abandoned, and the survey was resumed in an area with more favorable environmental sighting
conditions.

Beaufort Sea State

100%
90%

- =

80%
70% mBF 6
60% mBF5
50% mBF 4
40% BF 3
30% =BF 2
20% =BF 1
10% mBFO

0%

Survey No.

Percentage of survey effort (%)

Figure 10: Beaufort Sea State During Leg 1 of the 2021 MMASP.
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Glare Cover and Intensity

Two measurements of glare were used as sighting conditions. Glare cover was assessed as the percent
(0—100%) of the viewing area affected by sun reflection and glare intensity (four levels: “none” when there was no
reflection, “low” when animals were likely detected in center of reflection angle, “moderate” when animals were
likely missed in the center of reflection angle, and “intense” when animals were certainly missed in the center of
reflection angle). Glare was present during 34% of the total effort flown in 2021 (Figure 11). Intense glare was

present during 5% of the total effort flown in 2021 (Figure 12).

Glare Cover
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Figure 11: Glare Cover During Leg 1 of the 2021 MMASP.
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Figure 12: Glare Intensity During Leg 1 of the 2021 MMASP.
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2.5.3 Survey Sightings

Nine different marine mammal species were observed during systematic and dedicated surveys (not including
reconnaissance surveys) during Leg 1 of the 2021 MMASP: narwhal, bowhead whale, killer whale, beluga whale,
ringed seal, harp seal, bearded seal, walrus, and polar bear. Unidentified whales and seals were also recorded
during the surveys. Table 2 and Table 3 summarize the number of marine mammal sightings and animals,
respectively, recorded during surveys for each species by survey number. A total of 1,907 sightings totalling
5,437 marine mammals were recorded during Leg 1 surveys.

Table 2: Number of sightings (including off-effort) in Eclipse Sound grid during Leg 1.

° = o © =

® £ g B =

= o< o (@)

= = e 3 °

(@] [ o] © (] =
Survey # m D o I m )
Survey 1 91 18 0 0 0 42 1 0 1 16 0 169
Survey 2 139 30 0 0 0 102 51 0 0 18 4 344
Survey 3 12 9 0 0 0 28 5 2 0 2 0 58
Survey 4 236 33 0 1 2 56 1 5 0 14 2 350
Survey 5 241 38 1 0 1 180 94 3 0 41 2 601
Survey 6 73 13 2 0 1 85 17 0 0 12 3 206
Survey 7 153 5 2 1 1 10 1 0 0 2 4 179
Total 945 146 5 2 5 503 170 10 1 105 15 1,907

Table 3: Number of animals (including off-effort) in Eclipse Sound grid during Leg 1.

- c = 2
ey 85 3% sZ2 g ¢ E
Survey 1 183 21 0 0 0 46 12 0 1 20 0 283
Survey 2 243 40 0 0 0 141 533 0 0 19 4 980
Survey 3 29 9 0 0 0 35 6 2 0 2 0 83
Survey 4 472 46 0 11 2 61 1 5 0 15 2 615
Survey 5 545 44 1 0 1 213 953 3 0 41 3 1,804
Survey 6 237 20 4 0 1 89 811 0 0 12 3 1,177
Survey 7 460 6 2 9 1 10 1 0 0 2 4 495
Total 2,169 186 7 20 5 595 | 2,317 10 1 111 16 5,437
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Narwhal

Narwhal were observed throughout the survey area during the Leg 1 surveys with greatest concentrations in the
Western Eclipse Sound, Tremblay Sound and Milne Inlet strata (Figure 13). A total of 945 sightings and

2,169 individual narwhal were recorded during the Leg 1 surveys (Table 2 and Table 3). Narwhal group sizes
ranged from single animals to a group size of 15, with mean and median group sizes of 2.3 and 2.0, respectively.
A total of 83 mother/calf pairs and eight lone calves were recorded during the surveys.

Bowhead whale

Bowhead whale were observed throughout the survey area with greater concentration in the Eclipse Sound West
grid. A total of 146 sightings and 186 individual bowhead whales were recorded during the Leg 1 surveys

(Figure 13; Table 2 and Table 3). Bowhead group sizes ranged from single animals to a group size of five, with
mean and median group sizes of 1.3 and 1.0, respectively. One sighting of a mother/calf pair in northern Navy
Board Inlet stratum was recorded on 22 July (Survey 2) and one sighting of a single calf were recorded in Eclipse
Sound West stratum on 22 and 24 July respectively (Surveys 2 and 3 respectively).

Beluga whale

During the Leg 1 surveys, there were five beluga sightings totalling seven individuals with group sizes ranging
from one to two animals (Figure 13; Table 2 and Table 3). The first sighting of a single beluga was observed
during Survey 5 (30 July) (Appendix B, B-8) in White Bay, the second and third sightings were sightings of two
beluga each in Tremblay Sound during Survey 6 (31 July) (see Appendix B, Figure B-9). The last two sightings
were of individual beluga observed during Survey 7 (3 August) in the Navy Board Inlet stratum (see Appendix B,
Figure B-10).

Killer whale

There were two sightings of a total of 20 killer whale during the Leg 1 surveys. There was one sighting of 11 killer
whale in Pond Inlet Stratum near the entrance to Baffin Bay on 27 July (Survey 4) and another sighting of nine
killer whale in the Navy Board Inlet stratum on 8 August (Survey 7) (Figure 13; Table 2 and Table 3; see
Appendix B, Figures B-7 and B-10).

Unidentified whale

There were five sightings of individual unidentified whales during the Leg 1 surveys (Figure 13; Table 2 and
Table 3). Two unidentified whales were observed in the Pond Inlet Stratum on 27 July (Survey 4); the first one
east of Pond Inlet and the second one in Erik H.R Inlet at the entrance to Baffin Bay. The remaining three
sightings were of individual animals; one on 29 July (Survey 5) in the Navy Board Inlet stratum, one on 31 July
(Survey 6) in the Eclipse Sound West stratum, and one on 3 August in southern Navy Board Inlet (Survey 7) (see
Appendix B, Figures B-, B-9, B-10).

Ringed seal

Ringed seal were observed throughout the survey area during the Leg 1 surveys with the highest numbers in the
Milne Inlet and Eclipse Sound West strata, (Figure 14). Five hundred and three sightings totalling 595 ringed seal
were recorded during Leg 1 surveys (Table 2 and Table 3). Most of the ringed seal sightings observed in the
water were of single animals (388 of 465 sightings), with mean and median group sizes of 1.1 and 1.0,
respectively. The remaining ringed seal groups observed in the water consisted of groups of two to twelve
animals. Ringed seal on the ice were observed with group sizes ranging from one to ten seals, with mean and
median group sizes of 1.5 and 1.0, respectively.
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Harp seal

One hundred and seventy sightings totalling 2,317 harp seals were recorded during Leg 1 surveys (Table 2 and
Table 3). Most harp seal were observed in the Eclipse Sound, Pond Inlet, or northern Navy Board Inlet strata with
the greatest numbers of harp seal observed in northern Navy Board Inlet during Leg 1 surveys (Figure 14). All
harp seal were observed in the water with group sizes that ranged from one to 300 animals and with mean and
median group sizes of 13.6 and 3.0, respectively.

Bearded seal

Ten sightings of individual bearded seals were recorded during Leg 1 surveys (Figure 14; Table 2 and Table 3).
Two were observed during Survey 3; one in the Pond Inlet stratum and one in the Baffin Bay stratum (see
Appendix B; Figure B-6). Five individuals were observed during Survey 4; three in the Pond Inlet stratum, one in
West Eclipse Sound stratum and one in Navy Board Inlet stratum (see Appendix B; Figure B-7). The last three
bearded seals were observed during Survey 5 in the Milne Inlet North, north Navy Board and Eclipse Sound East
strata, respectively (see Appendix B; Figure B-8).

Walrus

One sighting of an individual walrus was recorded during Leg 1 surveys (Figure 14; Table 2 and Table 3). It was
observed during Survey 1 in the Pond Inlet stratum (Appendix B; Figure B-2).

Unidentified seal

Unidentified seal were observed throughout the survey area during Leg 1 surveys (Figure 14). There were
105 sightings totalling 111 seals (Table 2 and Table 3).

Polar bear

Fifteen sightings totalling 16 polar bears were recorded during Leg 1 surveys (Figure 14; Table 2 and Table 3). All
sightings were observed in northern Navy Board Inlet during Survey 2 and Surveys 4-7 (see Appendix B;

Figures B-3 and B-7 to B-10). All sightings were of single polar bear except for was one sighting of a mother/cub
pair in northern Navy Board Inlet stratum on 29 July (Survey 5).
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254 Relative Abundance of Marine Mammals in RSA

In 2021, a total of 6,339.1 km of effort (6,229.9 km during systematic transects and 109.2 km during dedicated
transects) was flown over seven surveys during Leg 1 (not including reconnaissance flights). The relative
abundance of marine mammals in the RSA, expressed as the animal detection rate (no. of animals relative to
survey effort in km) and sighting rate (no. of sightings relative to survey effort in km) were calculated. Table 4
provides a summary of sighting rates and animal detection rates by species and according to effort types
(systematic transects vs. dedicated transects). All species were more abundant in the areas where systematic
transects were flown compared to areas where dedicated transects were flown (along ship track) (Table 4). All
nine species were observed during systematic transect surveys while the only species observed during dedicated
surveys were bowhead whale (0.04 animals/km) and ringed seal (0.009 animals/km). Harp seal had the highest
relative abundance for systematic transects (0.37 animals/km) and narwhal had the second highest relative
abundance (0.34 animals/km). Bowhead relative abundance was greater on dedicated transects than in areas
where systematic transects were flown (0.04 animals/km and 0.02 animals/km, respectively). Narwhal relative
abundance varied between surveys ranging from 0.00 to 0.68 animals/km along systematic transects (Table 5).

During the first vessel passage, two tugs transited through mostly <3/10 ice except for some large ice pans (7-
8/10 ice concentration) present in Milne Inlet North on 24 July (see Appendix B, Figure B-6). During aerial surveys
on 24 July (Survey 3), prior to the tugs entering the RSA, there were two sightings of narwhal in the vicinity of the
ship track in Milne Inlet North strata near Ragged Island. There is no information regarding narwhal distribution
during the second day (25 July) the tugs were transiting the survey area; no aerial surveys were flown due to high
winds, fog and rain in the survey area. The following day, 26 July, one ore carrier followed by the MSV Botnica
entered the RSA and transited through ice free waters along the length of the Northern Shipping Route, except for
a small ice belt 1-3/10 ice in MIS (see Section 2.5.1; Appendix B, B-7). Narwhal relative abundance prior to the
first day of shipping activity ranged from 0.00 animals/km (Survey 3, dedicated survey on 24 July) to

0.22 animals/km (Survey 1 on 19 July and Survey 2 on 21-22 July). Narwhal relative abundance ranged from
0.22 animals/km (Survey 6 on 31 July to 2 August) to and 0.68 animals/km after shipping started (Survey 7 on

3 August) (Table 5).

Table 4: Sighting and Animal Detection Rates (Relative Abundance) of Marine Mammals in RSA during

Leg 1.
Animal Detection Rate

No. of Sightings Sighting Rate (sightings/km) No. of Animals (animals/km)

Sys.2 ‘ Ded.P Sys. ‘ Ded. ‘ ‘ Sys. Ded. Sys. Ded.
Species Tran. Tran. Tran. Tran. Combined | Tran. Tran. Tran. Tran. Combined
Narwhal 917 0 0.1472 | 0.0000 | 0.1447 2,091 0 0.3356 | 0.000 0.3299
S\f’h";'l‘:ad 93 4 0.0149 | 0.0366 | 0.0153 118 4 0.0189 | 0.0366 | 0.0192
Beluga 5
Whalo 0 0.0003 | 0.0000 | 0.0003 3 0 0.0005 | 0.0000 | 0.0005
Killer Whale 2 0 0.0003 | 0.0000 | 0.0003 20 0 0.0032 | 0.0000 | 0.0032
\L,Jvr;g;g""” 4 0 0.0006 | 0.0000 | 0.0006 4 0 0.0006 | 0.0000 | 0.0006
g'enjed 482 1 0.0774 | 0.0092 0.0762 568 1 0.0912 | 0.0092 | 0.0898
Harp Seal 166 0 0.0266 | 0.0000 | 0.0262 2,306 0 0.3701 | 0.0000 | 0.3638
ggg[ded 5 0 0.0008 | 0.0000 | 0.0008 5 0 0.0008 | 0.0000 | 0.0008
Walrus 1 0 0.0002 | 0.0000 | 0.0002 1 0 0.0002 | 0.0000 | 0.0002
ggg{‘o""“ 101 0 0.0162 | 0.0000 | 0.0159 107 0 0.0172 | 0.0000 | 0.0169
Polar Bear 2 0 0.0003 | 0.0000 | 0.0003 2 0 0.0003 | 0.0000 | 0.0003

@ abbreviation for Systematic Transects
b abbreviation for Dedicated Transects
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Table 5: Sighting and Animal Detection Rates (Relative Abundance) of Narwhal in RSA during each
survey of Leg 1.

No. of Animals Animal Detection Rate (animals/km)
Ded.? Tran. (Ship Track Ded. Tran. (Ship Track in
Survey Sys.2 Tran. in Open Water) Sys. Tran. Open Water)

1 183 — 0.2239 —

2 243 — 0.2230 —

3 0 0 0.0000 0.0000

4 460 — 0.4341 —

5 528 — 0.4230 —

6 232 — 0.2189 —

7 445 — 0.6849 —
Total 2,001 0 0.3356 0.0000

@ abbreviation for Systematic Transects
b abbreviation for Dedicated Transects

255 Comparison with Previous Surveys

The relative abundance for 2019 considered only data collected during systematic transects because dedicated
transect were not flown in 2019 due to the limited amount of ice present during that year. The relative abundance
of marine mammals in the RSA during Leg 1 of the surveys was higher in 2021 (0.84 animals/km) than in

2019 (0.37 animals/km) and 2020 (0.56 animals/km; Table 6). Much of this increase can be attributed to a greater
relative abundance of seals observed in 2021. Seal species observed in greater relative abundance in

2021 compared to 2019 and 2020 included ringed seal (0.09 vs 0.02 and 0.04 animals/km, respectively), harp
seal (0.37 vs 0.03 and 0.16 animals/km, respectively), and bearded seal (0.0008 vs 0.0006 and

0.0005 animals/km, respectively). Relative abundance of unknown seal was lower in 2021 compared to

2020 (0.017 animals/km vs 0.025 animals/km respectively) but higher than in 2019 (0.005 animals/km). It should
be noted that the seal data should be interpreted with caution due to the difficulty of observing and identifying
seals at survey altitudes of 305 m (1,000 ft) above sea level (ASL), especially as sea state increases.

Narwhal relative abundance in the RSA during the Leg 1 surveys was similar in 2021 to that observed in 2019 and
2020 (0.34, 0.30, and 0.33 animals/km, respectively; Table 6), however, the comparison of relative abundances
between years should be considered with caution (see Section 2.6.1 Discussion). Bowhead whale relative
abundance in the RSA was similar in 2021 (0.019 animals/km) to that observed in 2019 (0.023 animals/km) and
higher than observed in 2020 (0.009 animals/km) (Table 6).
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Table 6: Relative Abundance (animal detection rate) of Marine Mammals in RSA during Leg 1 in 2019,
2020 and 2021.

2019 2021
Relative Relative Relative
No. of Abundance No. of Abundance No. of Abundance
Species Animals (animals/km) Animals (animals/km) Animals (animals/km)
Narwhal 1,187 0.2952 1,431 0.3333 2,091 0.3356
Bowhead Whale 94 0.0234 39 0.0091 118 0.0189
Beluga Whale 1 0.0002 4 0.0009 3 0.0005
Killer Whale 10 0.0025 0 0.0000 20 0.0032
Unknown Whale 4 0.0010 1 0.0002 4 0.0006
Ringed Seal 71 0.0199 154 0.0359 568 0.0912
Harp Seal 102 0.0286 680 0.1584 2,306 0.3701
Bearded Seal 2 0.0006 2 0.0005 5 0.0008
Walrus 0 0.0000 0 0.0000 1 0.0002
Unknown Seal 19 0.0053 107 0.0249 107 0.0172
Polar Bear 1 0.0002 2 0.0005 2 0.0003
Total 1,491 0.3709 2,420 0.5637 5,225 0.8387

Note: Relative abundance = animals/km (corrected for survey effort in km)

2.6 Discussion
2.6.1 Narwhal

High-level Summary: In 2021, the Leg 1 surveys were extended to capture narwhal presence prior to the start of
shipping, and to determine if there were obvious narwhal response to initial shipping traffic in the RSA. Results
from the 2021 Leg 1 survey indicated low narwhal numbers prior to the first vessel transit into the RSA. By the
time of the first ore carrier transit in the RSA on 26 July 2021, narwhal relative abundance appeared to have
increased and their distribution had moved to be primarily concentrated in Koluktoo Bay and Tremblay Sound and
remained concentrated in those areas for the duration of the Leg 1 program.

The main focus of the Leg 1 surveys in 2021 was to obtain data on the presence/absence and distribution of
marine mammals in the open water areas and in the ice leads throughout the Eclipse Sound survey grid prior to
and immediately following the start of shipping activities. By the time surveys began on 18 July 2021, the floe
edge had broken apart and the new ice edge was situated close to Pond Inlet (see Figure 4; Appendix B,
Figure B-1). The first Baffinland vessels to enter the RSA in 2021 were two tugs which transited directly to Milne
Port on 24 and 25 July. The second transit consisted of one ore carrier followed by the MSV Botnica on 26 July.
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Narwhal distribution shifted westward from eastern Eclipse Sound and Pond Inlet strata toward Milne Inlet and
Tremblay Sound throughout the Leg 1 surveys. During Survey 1 (19 July), narwhal were distributed in ice
conditions ranging from 1-6/10, in the Pond Inlet stratum, to 9-10/10 ice in Eclipse Sound West and the Eclipse
Sound East strata (see Appendix B, Figure B-2). During this survey, the concentration of narwhal was highest in
the Pond Inlet stratum near the entrance to Baffin Bay and in the Eclipse Sound East stratum along the south
shore of Bylot Island. By the time Survey 2 was flown (21-22 July), the majority of narwhal had moved to Eclipse
Sound West where 4-6/10 ice was still present. A reconnaissance flight on 23 July was flown up Navy Board Inlet,
around Bylot Island and then south to North Arm and Coutts Inlet with narwhal observed in Lancaster Sound off
the northwest end of Bylot Island and in North Arm and Coutts Inlet (see Appendix B, Figure B-4). Survey

3 (24 July) was flown along the shipping track resulting in two narwhal sightings in Eclipse Sound West north of
Ragged Island and a few narwhal sightings in the eastern Pond Inlet stratum. Narwhal were first observed in
Tremblay Sound and Milne Inlet North and South stratum during Survey 4 (26-27 July) (see Appendix B, Figure B-
6). With the exception of a few sightings in Eclipse Sound West and Pond Inlet strata, the majority of narwhal
sightings were observed in Tremblay Sound and Milne Inlet North and South stratum for the remainder of Leg

1 surveys (Surveys 5 to 7, 28 July to 3 August) (see Appendix B, Figure B-7 to B-9).

Narwhal distribution appeared to have differed between 2019, 2020, and 2021 Leg 1 surveys, possibly due to
different ice conditions in the study area. In 2019, the remaining sea ice present in the RSA when icebreaking
started was fragmented into a loose pack ice formation allowing narwhal to disperse throughout the Eclipse
Sound area somewhat evenly. In 2020, sea ice present in the RSA at the start of icebreaking was largely intact
(i.e., large, consolidated ice field) with a few ice leads running through it. As a result, narwhal were highly
concentrated in the ice leads in Eclipse Sound, forming a more clumped distribution compared to 2019. In 2021,
no icebreaking took place in the RSA. During the first vessel transit in 2021 (i.e., two tugs on 24 July), Eclipse
Sound was largely ice free, and ice was primarily only present in western Eclipse Sound and Milne Inlet. By the
time Project vessels entered the RSA on 24-25 July (two tugs) and 26 July (MSV Botnica and one ore carrier),
narwhal were already concentrated in the Tremblay Sound and Milne Inlet South strata (Appendix B, Figure B-6).
In the days following the entrance of Project vessels, and for the remainder of Leg 1 surveys (26 July to

3 August), most narwhal were observed in the Tremblay Sound and Milne Inlet South strata. Narwhal that were
initially dispersed through the Eclipse Sound and Pond Inlet stratum moved westward as ice concentrations
declined shifting their distribution into the Tremblay Sound and Milne Inlet South strata.

Seven aerial surveys (Systematic and Dedicated surveys) were conducted during the Leg 1 surveys (see

Table 1). Relative abundance estimates were calculated for all marine mammals observed during the early
shoulder season for both the systematic transects and the dedicated transects. Narwhal had the second highest
relative abundance (0.34 animals/km) during systematic transects. Narwhal relative abundance was greater after
shipping started for three of the four surveys (range: 0.42 animals/km during Survey 5 to 0.68 animals/km during
Survey 7) (see Table 5). Narwhal relative abundance during systematic transects in 2021 was similar to what was
observed in 2019 and 2020 in the open water areas (0.34 animals/km, 0.30 animals/km and 0.33 animals/km,
respectively) (see Table 6), however, these results should be considered with caution due to a variety of factors
that would influence the relative abundance estimates including uneven coverage effort between surveys,
exclusion of dedicated surveys when comparing all years, and the timing of the surveys varied yearly.

For all survey years combined, the relative abundance calculation was not considered to be an accurate estimate
of abundance because of uneven aerial coverage effort between surveys. Abundance calculations are
considerably impacted if coverage in the survey area is not the same for all surveys. Leg 1 surveys focused on
presence/absence and distribution of marine mammals prior to and during initial shipping and icebreaking
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activities. Complete effort coverage of the entire RSA was not the main goal during Leg 1 surveys, and this was
often not achieved due to ice or other weather conditions. Therefore, relative abundance results from these
surveys should be interpreted as a snapshot of abundance in the specific area surveyed at a particular time and
does not represent an estimate of stock abundance. Additionally, in the spring and early summer, narwhal may
migrate through the RSA to Admiralty Inlet and it is not possible to determine which narwhal stay and which pass
through the area. When narwhal do stay in the RSA, they tend to concentrate in either Koluktoo Bay or Tremblay
Sound and the Leg 2 aerial survey effort often focuses on those areas. As a result, relative abundance numbers
will be higher during surveys that focus on surveying locations where narwhal are concentrated rather than flying
all areas equally.

During Leg 1 in 2019, higher narwhal relative abundance was observed during Survey 2 (0.38 animals/km) and
Survey 4 (0.40 animals/km) compared to the other surveys in Leg 1 (range 0.03 to 0.18 animals/km) (Golder
2020a, Appendix B, B-1 to B-5). These two peaks in narwhal numbers during Leg 1 suggest that some narwhal
were migrating through the RSA while others remained. Relative abundance dropped notably from

Survey 4 (0.40 animals/km, the second peak), when narwhal were distributed throughout the survey area,
compared to Survey 5 (0.03 animals/km) when narwhal were concentrated in Koluktoo Bay in lower numbers.
Surveys 4 and 5 had similarly extensive aerial coverage of the RSA (Golder 2020a, Appendix B, B-4 and B-5),
however the differences in narwhal relative abundance suggests some of the narwhal observed during the two
peaks had migrated out of the area. As well, the combined visual and photographic narwhal abundance estimate
during Leg 1 was higher (15,591 narwhal, Survey 4) than Leg 2 (9,931 narwhal, Survey 3 and 4) in 2019 also
suggesting some narwhal were migrating through Eclipse Sound. Abundance during Leg 1 would be higher when
counts include both narwhal migrating into the RSA to stay for the summer and narwhal migrating through the
RSA to other areas, e.g., Admiralty Inlet, for the summer. Abundance would then be lower during Leg 2 when the
narwhal passing through the area to other areas left the Eclipse Sound grid.

Calculations from systematic (open water) surveys, and not dedicated (leads, ship track) surveys, were used to
compare relative abundance in 2019, 2020, and 2021. It was not possible to compare dedicated surveys between
all three years because 2020 was the only year with sea ice in the RSA, where leads were flown as dedicated
surveys. The relative abundance estimate from Leg 1 systematic surveys for 2020 suggests that narwhal numbers
in 2020 were similar to 2019 and 2021 (0.33, 0.30, and 0.34 animals/km respectively). However, when the relative
abundance estimate from dedicated survey results for 2020 is also considered (2.09 animals/km) it indicates the
relative abundance of narwhal in the area during Leg 1 should be higher than 0.33 animals/km. Again, these
results should be interpreted with caution.

In 2021, Leg 1 surveys started approximately a week later (19 July) than in 2019 (12 July) and 2020 (10 July). Not
long after Leg 1 surveys started in 2021, narwhal had migrated and concentrated in Tremblay Sound and Milne
Inlet; this differed from 2019 when narwhal were more evenly distributed and passed through the area in two
peaks of animals that appear to have consisted of narwhal migrating on to areas outside the RSA. Compared to
2020, there were no ice leads to fly during Leg 1 surveys in 2021 and all surveys were flown as systematic
surveys over open water making it difficult to directly compare of relative abundances, e.g., systematic and
dedicated surveys cannot be compared.

In summary, the comparison of the relative abundance results from Leg 1 surveys across 2019, 2020 and

2021 are to be interpreted with caution and understood that the results for each survey represent the relative
abundance of narwhal for the specific locations surveyed on a specific date and for systematic surveys only at the
exclusion of observations during dedicated surveys. Relative abundance for comparison between years could be
affected by factors such as unequal distribution of survey effort through the survey area, narwhal aggregating in
large numbers in certain areas and surveys targeting those locations, and timing of Leg 1 surveys.
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2.6.2 Other Marine Mammals
2.6.2.1 Cetaceans
Bowhead Whale

Bowhead whales were observed throughout the RSA during Leg 1 with a broader distribution compared to
2019 and 2020. In 2021, bowhead whales were observed in every stratum in the Eclipse Sound grid (see
Figure 13). Bowhead whale concentrations were highest in the Eclipse Sound West, Navy Board Inlet, and
Tremblay Sound strata in 2021.

Bowhead relative abundance in the RSA was higher in 2021 (0.019 animals/km) compared to 2020

(0.009 animals/km) and similar to that observed in 2019 (0.023 animals/km). The higher number of bowhead
observed in 2019 and 2021 may be indicative of a more regular occurrence, as it was noted by many local
residents in Pond Inlet that bowhead numbers observed in 2019 were higher than those observed in recent years.

Killer Whale

Killer whale were observed twice during the Leg 1 surveys in 2021; there was one sighting in the Navy Board Inlet
stratum and one sighting east of Pond Inlet in the Pond Inlet stratum (see Figure 13). The latter was observed at
the eastern end of Eclipse Sound, where it meets Baffin Bay. This is also near the location where one killer whale
sighting of three individuals was recorded during Leg 1 of the 2019 MMASP. No killer whale were observed during
Leg 1in 2020.

Relative abundance of killer whale during Leg 1 was higher in 2021 than in 2019 and 2020 (0.0032 animals/km,
0.0025 animals/km and 0.0000 animals/km, respectively). The increase in relative abundance between 2019 and
2021 suggests increased presence of killer whale in the area during Leg 1. Although killer whale were not
observed during Leg 1 surveys in 2020, killer whale presence during Leg 2 of 2020 was greater in the Eclipse
Sound area than in 2019 suggesting that there could be a general increase in killer whale presence in Eclipse
Sound through the 2019 to 2021 survey seasons.

Beluga Whale

Beluga numbers have been consistently low during the present and previous surveys in the RSA. Three beluga
were observed in the RSA during Leg 1 of the 2021 MMASP. One and four beluga were observed in the RSA
during Leg 1 of the 2019 and 2020 MMASP, respectively (Golder 2020a, 2021a). Beluga were not observed
during Baffinland surveys from 2013 to 2015 (Elliott et al. 2015; Thomas et al. 2015, 2016), suggesting their
numbers have always been low in the RSA. In 2007 and 2008, beluga were observed in the RSA in small
numbers (three animals in 2007 and 59 animals in 2008; Baffinland 2012).

2.6.2.2 Pinnipeds

Pinniped data collected in 2019, 2020 and 2021 should be interpreted with caution due to the relative difficulty in
observing seals at survey altitudes of 305 m (1,000 ft) ASL. Apparent differences in sighting data may result from
changes in survey conditions and ability of MMOs to identify species rather than actual changes in pinniped
numbers or distribution.

GOLDER
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Ringed Seal

Ringed seals were distributed throughout the survey area during Leg 1 of the 2019, 2020 and 2021 MMASPSs,
similar to what was observed in previous years (Elliott et al. 2015; Thomas et al. 2015, 2016; Golder 2020a,
2021a). In 2020 and 2021 ringed seal were more concentrated in the Eclipse Sound West and Milne Inlet strata
while being more sporadically distributed throughout the survey area in 2019.

Ringed seal relative abundance was highest in 2021 (0.09 animals/km) followed by 2020 (0.036 animals/km) and
then 2019 (0.020 animals/km). The difference in ringed seal distribution and relative abundance between the
three years may be attributable to the different environmental conditions observed; there was less ice in the
survey area during Leg 1 surveys in 2019 compared to 2020 and 2021. Ringed seal distribution in 2020 and
2021 was greatest where ice remained concentrated in the Eclipse Sound West and Milne Inlet strata.

Ringed seal observations provide relative abundance and distribution information. However, this information
cannot be used to reliably assess the effects of Project shipping or obtain accurate abundance estimates. Refer to
Golder (2022b) for a summary of the 2021 ringed seal aerial survey program that indicated that ringed seal
densities had remained stable with some annual variations since the onset of shipping or ice-breaking activities in
the RSA.

Harp Seal

Harp seals were observed throughout northern Navy Board Inlet, Pond Inlet, and Eclipse Sound strata during Leg
1 of the 2021 MMASP, similar to what had been observed in previous years (Elliott et al. 2015; Thomas et al.
2015, 2016; Golder 2020a, 2021a). Harp seal were dispersed throughout these areas in 2019 and 2020, while in
2021 harp seal concentrations were greatest in northern Navy Board Inlet stratum.

During Leg 1, harp seal relative abundance was much higher in 2021 (0.37 animals/km) than in

2020 (0.16 animals/km) and 2019 (0.029 animals/km). This may be attributable to the different environmental
conditions observed between the two years, where 2019 had much less ice in the survey area compared to 2020,
or to a greater number of harp seals in the RSA in July 2021. Harp seal numbers in the RSA have been variable
during aerial surveys from 2013 to 2020. The highest count of harp seals recorded on one survey was

80 sightings totalling 1,005 individuals on 16—17 September 2014 (Thomas et al. 2015).

Bearded Seal

Similar to previous years, only a few bearded seals were observed during the 2021 MMASP. There were five
sightings recorded during Leg 1 in the Eclipse Sound Grid in 2021 compared to two in each of the 2019 and
2020 Leg 1 surveys with similar relative abundance rates of 0.0008 animals/km, 0.0005 animals/km and

0.0006 animals/km, respectively. Limited IQ has been collected regarding the overall abundance of bearded seal.
Some Elders in the Baffin region have observed a decrease in bearded seal abundance since the advent of
firearms and motorized transportation (Baffinland 2010). In contrast, one Elder noted that bearded seal were rare
near Pond Inlet in the past but are now more frequently observed; five of ten bearded seal observed during Leg
1 surveys were observed in the Pond Inlet stratum.

Walrus

One walrus was recorded during Leg 1 surveys in Eclipse Sound in 2021. Walrus have rarely been observed
during the Baffinland aerial survey programs. In 2014, three sightings totalling four individuals were recorded
during a survey on 3—4 August (Thomas et al. 2015). In 2015, one walrus was recorded during one survey on
31 August (Thomas et al. 2016). 1Q indicates that small numbers of walrus occur near the mouth of Navy Board
Inlet and in Lancaster Sound to the west of Admiralty Inlet (Baffinland 2010). During the 2015 workshops, 1Q
indicated the Navy Board Inlet floe edge had more walrus present than at the Pond Inlet floe edge (JPCS 2017).
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2.6.2.3 Polar Bear

Polar bear sightings have been regularly recorded during the Baffinland aerial survey programs. The distribution
of polar bears in 2021 was similar to what was observed during previous aerial surveys. In the Eclipse Sound grid
polar bears were more likely to be recorded in the Navy Board Inlet and Pond Inlet strata. All polar bear observed
during Leg 1 surveys in 2021 were in the northern Navy Board Inlet stratum. Because most polar bear sightings
are of polar bears on shore (i.e., when in transit), they are not included in the relative abundance estimates.
Relative abundance estimates include only sightings seen on transect. Polar bear observations provide relative
distribution information but cannot be used to assess effects of Project shipping or reliable abundance estimates.
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3.0 LEG 2: OPEN-WATER SURVEYS IN ECLIPSE SOUND AND
ADMIRALTY INLET

3.1 Objectives

The 2021 MMASP was staged in three separate survey legs. Leg 2 targeted a 21-day window in August
corresponding with the peak open-water period identified by DFO (Watt et al. 2015). The objective of Leg

2 surveys was to obtain an updated (2021) abundance estimate for the Eclipse Sound and Admiralty Inlet narwhal
summer stocks. Survey design and data collection methodology previously developed by DFO (Asselin and
Richard 2011; Doniol-Valcroze et al. 2015a; Marcoux et al. 2016; Matthews et al. 2017) and implemented by
Golder in 2019 and 2020 (Golder 2020a, 2021a) enabled for a comparison to previously reported abundance
estimates.

3.2 Survey Team and Training

Leg 2 of the 2021 aerial surveys took place over one 21-day period (8—26 August with two aircraft). The survey
team consisted of three Golder biologists, seven contracted marine biologists and two Inuit Researchers with
previous marine mammal survey experience as MMOs, four pilots, and one mechanic. Each survey team

(i.e., aircraft) included one survey coordinator, four marine biologist MMOs, one Inuit researcher, and two pilots.
Two local Inuit Researchers, one from Pond Inlet and one from Arctic Bay, participated in the Leg 2 surveys. Both
Inuit Researchers had previous experience as MMOs on the aerial survey program in previous years.

Prior to mobilization, a one-day data collection and safety training workshop was held at Mary River on 7 August
2021. The training and orientation session was led by a Golder senior marine mammal biologist. The safety
component of the workshop aimed to familiarize team members with the Health and Safety Plan that was
developed for the program, to review Golder’s and Baffinland’s health and safety policies and requirements, and
to discuss general expectations for the program. The technical component of the workshop including practical
(hands-on) training in observational survey procedures, data collection techniques, proper use of equipment, data
recording and data entry, and post-processing of the survey data. During the training, all participants were
provided with a training manual (Appendix A) and obtained practical experience using the surveying equipment
including recorders, clinometers, and geometer.

3.3 Study Area and Design

Leg 2 surveyed Eclipse Sound and Admiralty Inlet within a two-day period to obtain an estimate of narwhal
abundance in the combined areas. The boundaries for the Eclipse Sound grid during Leg 2 were the same as
those for Leg 1 with the Baffin Bay stratum removed (see Figure 2). As during Leg 1, systematic random visual
line-transect surveys were flown for all strata (except Tremblay Sound and Milne Inlet South where photographic
surveys were conducted) with the location of the first line chosen at random (Figure 15). Transect spacing was the
same as those flown during Leg 1 in the Eclipse Sound grid. A photographic survey with complete coverage was
flown for the Tremblay Sound and Milne Inlet South strata because 1Q indicates that these are areas of high
narwhal concentration (JPCS 2017) and past surveys (Doniol-Valcroze et al. 2015a; Elliott et al. 2015; Golder
2020a, 2021a; Marcoux et al. 2019; Thomas et al. 2015; 2016) recorded high concentrations of narwhal in these
areas. Transect spacing of 1,200 m for the photographic survey allowed lateral overlap of approximately 30%
between photos from adjacent transects (see Section 2.4 for details).
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Through consultation with the MEWG prior to the 2019 MMASP (Golder 2020a), the boundaries for Admiralty Inlet
were divided into three strata (Admiralty Inlet North, Admiralty Inlet South, and Admiralty Fjords; see Figure 2).
Systematic random visual line-transect surveys were flown for the North and South strata with the location of the
first line chosen at random. An east-west parallel line design, with an 8.5 km transect line spacing, was used to
provide uniform coverage probability (Buckland et al. 2001; Figure 15).

The survey design consisted of systematically placed and evenly distributed (when possible) line transects across
the survey area (Figure 15). Transects were generally straight and uniformly spaced across large waterbodies but
were occasional skewed to follow the shoreline contour. This was necessary in areas where the survey aircraft
could not safely perform the turns necessary to cross waterbodies perpendicular to shorelines.
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For navigation during the survey to follow the survey track lines and to log the flight tracks, an iPad was
connected to a Bluetooth GPS (Bad EIf GPS Pro+) which provided information to a navigation app (Foreflight).
Foreflight utilizes current and routinely updated digital aeronautical maps. The iPad was used by the
navigator/camera operator to coordinate with the flight crew. The flight crew had their own iPad (with Foreflight
app) which was sync’d with the other iPad each time modifications to the planned survey flights were made.

3.4  Materials and Methods
34.1 Field Methodology
3.4.1.1 Visual Survey

Surveys were flown in a de Havilland Twin Otter (DH-6) equipped with bubble windows and an optical glass
covered camera hatch at the rear. Visual line transect surveys were conducted at an altitude of 305 m (1,000 ft)
and a ground speed of 185 km/h (100 kn) with four experienced MMOs. MMOs were stationed at the front and
rear bubble windows that provide a view of the track line directly below the aircraft. MMOs were instructed to
focus their attention on the area closest to the track line and to use their peripheral vision for sightings farther
afield. Speaking into a handheld digital recorder, observers counted all sightings of marine mammals. Using a
geometer (or clinometer), the perpendicular declination angle to the center of each group was measured once it
was abeam of the observer. MMOs noted the species and number of animals in the group. A ‘group’ was defined
as animals within one or a few body lengths of each other and oriented or moving in a similar direction. When time
permitted, observers were instructed to give additional details on the sightings, such as the presence of calves,
tusked narwhal, behaviour and direction of travel. The visual surveys were conducted as a double-platform
experiment with independent observation platforms at the front (primary observer) and rear (secondary observer)
of the survey plane. The two MMOs stationed on the same side of the aircraft were separated visually and
acoustically to achieve independence of their conditional detections. A fifth member of the survey team was
responsible for monitoring the camera system and entering additional sighting data obtained from the primary
observers into the database while a sixth member of the team was responsible for overseeing navigation along
the survey grid.

Two MMOs were designated as ‘Primary’ observers and two were designated as ‘Secondary’ observers. In
addition to counting animals, all observers were responsible for dictating the following environmental conditions
throughout the surveys into the recorders: ice concentrations (in tenths), sea state (Beaufort scale), fog (% of field
of view and intensity) and glare (% of field of view and intensity). These environmental conditions were recorded
at the start and end of each transect, at regular intervals (every 2 minutes) along the transect or sooner if changes
were detected throughout the transect.

The area directly below the aircraft was photographed continuously throughout each visual survey using the
camera system described in Section 3.4.1.2. Photographs taken during the visual surveys were used to
supplement visual sightings for missed geometer angles and group sizes.

Sightings from Primary observers were automatically entered into the Mysticetus program by the Primary
observers using geometers during the survey. Geometers were linked to the Mysticetus program, allowing
Primary observer data (i.e., date, time, location and declination angles) to be enter electronically into the
Mysticetus program in real time. Additional sighting data and environmental conditions recorded on audio
recorders were transcribed into the Mysticetus program after the flight. Sightings were georeferenced and transect
lengths were calculated in Mysticetus. Strata areas were determined in ArcGIS. Sightings where angles of
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declinations were not recorded were compared to the photographic records. The perpendicular distance was
retrieved from the pixel position of the sighting on the photo if a visual sighting was identified without ambiguity on
the corresponding photo. If the sighting was not made within the swath width of the picture, could not be found, or
could not be identified from other sightings unambiguously, the sighting was coded as missing distance (these
sightings were not used in fitting the detection function, but were added to the total count per transect, as
described in Doniol-Valcroze et al. 2015a). Sightings where group size were not recorded, or were coded as
‘uncertain’, were compared to the photographic records, and group size was retrieved if a match could be made
based on perpendicular distance. Otherwise, sightings with missing group size were given the average group size
in that stratum (posterior to estimation of the expected group size so that it does not affect the estimation of its
variance).

During the 2021 visual line-transect surveys, if large aggregations (e.g., >50 narwhal or when observers indicated
that they could not accurately keep up with narwhal counts) were identified during visual transects, the aircraft
continued collecting visual line-transect data along transects until narwhal numbers decreased to smaller

(e.g., <50) aggregations. The aircraft then ended visual line-transect survey data collection and a photographic
survey was flown with complete coverage over the group to allow for accurate counts of animals. To identify
aggregations observed during visual surveys, all personnel on board the aircraft were instructed to look out for
herds of narwhal and alert everyone when one was sighted. When such an aggregation was located, lines would
be flown in a cross pattern over the group, to determine its spatial extent. Using pre-planned survey grids, the
aggregation would be photographed using a systematic grid with complete coverage as seen in Figure 15 (yellow
transect lines) for the Milne inlet South and Tremblay Sound strata.

3.4.1.2 Photographic Survey

The aircraft was equipped with two identical camera systems. The systems used Canon EOS 5DS R DSLR
(digital single-lens reflex) cameras fitted with 35 mm lens (three Sigma 35 mm f/1.4 DG HSM and one Zeiss

35 mm f1.4 Milvus ZE). The cameras were connected to a laptop computer to control exposure settings and photo
interval. The cameras were installed within the optical glass covered camera hatch on a custom-made mount.
Images were saved directly to internal camera cards. Photos were georeferenced (using GPicSync 1.32) at the
end of the field season using saved GPS logs from a Bluetooth GPS receiver (Bad EIf GPS Pro+). Cameras and
computers were synched with the GPS receiver, and the GPS receiver was calibrated to barometric data provided
by the pilots when available.

The cameras were oriented widthwise (long side perpendicular to the track line) and angled obliquely: one to the
port side and the other to the starboard side. Each camera provided an oblique image starting at the track line, the
viewing angle of each camera (a = 27°) equal to half its field of view (shown as 3 in Figure 16), calculated using
(Covington 1985):

SensorWidth )

= = t
@ =p = arctan (FocalLength X 2
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Figure 16: Geometry of oblique aerial photos (modified from Grendzddrffer et al. 2008).

Photographic surveys were conducted at an altitude of 610 m (2,000 ft) and a ground speed of 185 km/h (100 kn).
Surveys were flown at an altitude of 305 m (1,000 ft) if conditions did not allow surveying at higher altitude

(610 m). Using the methods described in Grendzdorffer et al. (2008), the photograph dimensions of the two-
camera system (see Figure 16) and the necessary photographic interval were calculated to allow overlap of the
photos while flying at 100 knots (Table 7). The photographic interval was set to maintain an overlap (on the inside
edge) of approximately 15% between consecutive photos, and with a transect spacing of 600 m and 1,200 m, the
lateral overlap between photos from adjacent transects was approximately 30%.

Table 7: Dimensions of images at two possible altitudes.

Altitude (m)
A (m) 423 846
B (m) 186 372
C (m) 318 636
Interval (sec) 3 6

Two sets of grid lines (one for 305 m and a second for 610 m altitudes) were prepared prior to field work so a
photographic survey could be coordinated within minutes of spotting an aggregation of animals.

All photographs were orthorectified at the end of the field season to create an orthophotograph prior to analysis
(Figure 17). An orthophotograph is an aerial photograph that has been geometrically corrected such that the scale
is an accurate representation of the earth’s surface, having been adjusted for topographic relief, lens distortion,
and camera tilt.

(> SoLDEr 0



26 October 2022 1663724-353-R-Rev0-49000

Figure 17: Orthophotograph of an image taken at 610 m (2,000 ft) in Eclipse Sound on 20 August 2020.

3.4.2 Data Analysis

An adaptive sampling plan to estimate narwhal abundance that combines visual line-transect sampling of the
survey area and aerial photographic surveys of designated strata was used (Asselin and Richard 2011; Marcoux
et al. 2016; Matthews et al. 2017). Animal detection rates were also calculated for other marine mammal species
and expressed as number of sightings/km and number of animals/km (used as a proxy for relative abundance).

3.4.2.1 Visual Survey
34211 Distance Analysis

The standard analysis method of this design assumed that on average, over multiple replications of the survey,
each point within the survey area had an equal likelihood of being sampled (uniform coverage probability). Given
that the locations of the transect lines were considered random with respect to the location of marine mammals,
the average density of marine mammals was considered to be the same irrespective of distance from the transect
line. Subsequently, observed changes in marine mammal sightings with increasing distance from the transect line
was considered a change in the probability of detection, rather than a true change in animal density. The change
in detection probability with respect to sighting distance from the track line (flight path) was measured to provide
an estimate of the average probability of detection of an animal, which was, in turn, used to estimate the density
of marine mammals in the survey area.
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Density was calculated by using the line transect estimation method (Buckland et al. 2001). In the standard
approach, animal density (D) was estimated using the following equation:

nx f (0) * E(s)
2xLx g (0)

Where n is the number of observed objects (single or clusters of animals), f (0) is the estimated probability
density function at zero distance, E(s) is the estimate of expected value of cluster size (estimated group size), L
(effort) is the total length of transect lines surveyed and g (0) is the probability of detection on the transect line.
Effort was calculated as total length of transect lines surveyed using trackline GPS data. Transits between
transects were not included in effort calculations.

An implicit assumption of this method was that the probability of detection depended solely on an animal’s
perpendicular distance from the transect line. Line transect theory assumes that all animals on the transect line
were detected with certainty (g (0) =1). In reality, this is an unrealistic assumption for animals that spend
considerable time underwater where observers may fail to detect animals due to availability bias (animal was not
detected because it was diving) (Marsh and Sinclair 1989). Correcting for availability bias requires published dive
profile data to reliably estimate the proportion of time different marine mammal species spend diving (Laake et al.
1997). The most current time-series dive data collected from tagged narwhal near Arctic Bay and Pond Inlet were
used to apply a correction factor for availability bias in photographic data (Watt et al. 2015; Table 8), as was used
in the previous DFO narwhal abundance estimates (Doniol-Valcroze et al. 2015a; Marcoux et al. 2019). Mid-
August included the period from 13 August (the earliest tagging date) until 24 August and late August included the
period from 25—-31 August (Watt et al. 2015). For narwhal visual surveys, correction factors (Ca) from Watt et al.
(2015) tagging data were used with an additional correction for time in view and animal dive cycle applied from
Doniol-Valcroze et al. (2015a) measurements (Table 8).

Table 8: Availability bias correction factors.

Species Survey Type/Date Correction Factor Source
Narwhal Photo / Mid-Aug 3.18 0.03 Watt et al. 2015
Photo / Late Aug 3.16 0.03 Watt et al. 2015
. . Watt et al. 2015;
Visual / Mid-Aug 2.94 0.03 Doniol-Valcroze et al. 2015a
Visual / Late Aug 2.92 0.03 Watt et al. 2015;

Doniol-Valcroze et al. 2015a

Encounter rate [% from the equation above] was calculated as the number of marine mammal sighting per transect

kilometre and was specific to each survey area. Although encounter rate was calculated (not estimated), there
was a degree of variability in its value since encounter rate may vary among individual transects. Encounter rate
variance was estimated using the S2 estimator available within Distance 7.3 (Fewster et al. 2009).
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Group size [E(s) from equation above] was estimated to correct for observer size-bias whereby larger groups
were more likely to be seen at long distances than smaller groups (or individuals). The regression of the natural
log of cluster size was tested against the estimated g(x) and considered significant at an alpha level of 0.1; the
value of mean group size was used for non-significant results. Distance truncation of the data was performed to
remove sightings past a selected distance to remove outliers from the dataset that would otherwise inflate density
and abundance estimates, and to eliminate hard-to-fit portions of the dataset.

3.4.2.1.2 Perception Bias

Distance sampling (DS) methods can be used to estimate detection probability away from the track line while
assuming that detection on the track line is certain (denoted by g(0)=1). However, aerial survey observers miss
some of the narwhal visible at the surface (Richard et al. 2010). This “perception bias” (Marsh and Sinclair 1989)
can be corrected for by using mark-recapture (MR) methods on the sighting data from two observers on the same
side of the plane (Laake and Borchers 2004). Thus, the combination of MR and DS (MRDS) methods can be used
to estimate abundance without assuming that g(0)=1. The two observers in the front of the plane were considered
to be the first platform and referred to as “primary observers”, and the two observers in the rear were considered
to be the second platform (“secondary observers”).

To conduct MRDS analysis, duplicate sightings (those seen by both the primary and secondary observer) must be
identified. The following criteria, based on previous DFO surveys (Asselin and Richard 2011; Doniol-Valcroze et
al. 2015a), were used to identify sightings:

| Timing of sightings within 10 seconds

B Perpendicular declination angle within 10°

As MRDS analysis in Distance requires that duplicate sightings be identical, when this was not the case, the
following adjustments to the data were made:

B Used the average perpendicular declination angle as measured by the two observers
B Used the largest group size as measured by the two observers

B Used group differentiation as measured by the primary observer

Although primary and secondary observers were acting independently, detection probabilities of observers can be
correlated because of factors such as group size (for example, both observers are more likely to see only large
groups at long distances). Buckland et al. (2009) developed a point-independence model, which assumes that
detections were independent only on the track line. This model is usually more robust than a model assuming that
detections were independent at all perpendicular distances.

Line-transect analyses to estimate density and abundance were performed with the MRDS package in R. A point-
independence model involved estimating two functions: a multiple covariate DS detection function for detections
pooled across platforms, assuming certain detection on the track line, and a MR detection function to estimate the
probability of detection on the track line.
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3.4.2.2 Photographic Survey

For the post season photographic analysis, an analyst experienced in analysing aerial photos from previous DFO
narwhal surveys and the 2019 and 2020 photographic surveys analyzed all the 2021 photographs.

A randomly selected photo survey was re-analyzed by a second experienced photo analyst to evaluate reliability
and repeatability. A simple linear regression was run on the comparison of the photo survey readings.
Photographic readings from the original photo readers were used in the photo analysis.

Some photographic surveys have observed a decrease in marine mammal detectability with increasing distance
from the track line (Golder 2018b). To assess if this was occurring on the photographic surveys, a survey was
selected with no glare or land, to assess if a decrease in detectability with increasing distance from the track line
was occurring. Removing re-sightings from subsequent photographs on a track line and measuring the distance
from the trackline for each sighting allowed assessment of detectability with increasing distance from the track
line. The Distance program was used to measure a change in marine mammal sightings with increasing distance
from the transect line, referred to as detection probability. The change in detection probability with respect to
sighting distance from the track line (flight path) was measured to provide an estimate of the average probability
of detection of an animal, which was, in turn, used to estimate the density of narwhal in the photographic survey
area.

Aerial photos were viewed in ArcMap (Esri Inc.) and all narwhal within the top 2 m of the water column were
counted. Photographs were examined for narwhal on a high resolution 50” 4K television. Photographs were

orthorectified prior to being examined in ArcMap 10.1 (Esri). Water clarity was subjectively evaluated in each
photo and classified as either murky (water in which narwhal could only be observed at the surface) or clear

(water in which narwhal could be observed down to 2 m).

The area covered by each photograph was calculated in ArcMap (Esri) based on the orthophotograph which
accounted for survey altitude, focal length of the camera sensor (35 mm), the length of the camera sensor

(385.9 mm), the width of the camera sensor (24 mm), angle of the camera (27°), and the tilt of the aircraft. The
area of land was subtracted from each photograph. On some photos, a proportion of the photo was masked by
sun glare, which made it impossible for the reader to evaluate if narwhal were present. Therefore, the area of the
photo covered by sun glare was measured for each photo in ArcMap (Esri) and subtracted from the photograph.
When ice was present in concentrations greater than 10%, the proportion of ice was estimated and deducted from
the area left after subtracting the land and glare.

Based on the methodology used in past DFO surveys (Asselin and Richard 2011; Marcoux et al. 2016; Matthews
et al. 2017), the total area of a photograph Atwta examined to detect narwhal was calculated by subtracting the
area of each photograph Aphoto from the area on land Aiand, the area covered in sun glare Agare, and area covered
in ice Aice.

Ator = Aphoto — Ajgna — Aglare — Ajce

The area covered by each photographic survey (Asurvey) Was determined by calculating the area of a polygon
made of all the photographs merged together and removing the areas that were on land. Due to photograph
sidelap and endlap, some narwhal were photographed more than once. To estimate the total number of narwhal
at the surface in each survey (Nwr) (i.€., exclude the positive bias of double-counts), the within-photo animal
density was calculated and multiplied by the total area covered by photos:
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1
N =4 Nsurface
tot = Asurvey * A
=1 tot;

Where:

Nsurface iS the total number of narwhal detected near or at the surface in a photograph
Awt = area of photo i (excluding land, sun glare and ice cover on water)
Asurvey = total area covered by merged photos (excluding land)

| is the number of photographs per survey

The total number of narwhal in each survey was corrected for the instantaneous availability bias and detectability
bias:

Neor = Niop * Cg * Cyg
Where:

Niwt = is the total number of narwhal detected near or at the surface in each survey (excluding the positive bias of
double-counts)

C, = is the availability correction factor taken from Watt et al. (2015)

C4= is the detection correction factor accounting for decreasing detectability from trackline (i.e., 1/p where
p=probability of observing a narwhal in a defined area in Distance analysis)

Ncor = Nnumber of narwhal in the survey corrected for availability bias

The variance of the surface abundance of narwhal (Niw:) was calculated:

L —0)?

var(Nyoe) = N,
photos

Where X is the average number of narwhal per photo, x; is the number of narwhal for each photo and Ngnotos iS the
number of photographs. The coefficient of variation (CV) of the photographic count estimate (Ni:) was calculated

(Marcoux et al. 2016; Marcoux Pers. Comm. 2020):

CV(Neor) =

The total variance of the estimate from the photographic survey was calculated following the delta method
(Buckland et al. 2001):

var(Ny,.) wvar(C,) wvar (Cd)}

N, = N2
var (Ngor) cor * { (Npor)? Caz Cdz
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The CV of the estimate from the photographic survey was calculated:

yvar (Ncor)

CV(Ncor) = N
cor

3423 Abundance Estimates

The total estimate for each Survey (N;) was calculated by summing the estimate from the visual survey, corrected
for availability bias, detectability bias and perception bias (Niv), with the estimate from the photographed area,
also corrected for availability bias and detectability bias (for narwhal) (Nip):

N; = Ny + Nip
Where: Nip is the abundance of whales in the photographic survey previously referred to as Nt for narwhal
With variance calculated (e.g., Asselin and Richard 2011; Matthews et al. 2017):

var(N;) = var(Ny,) + var(N;p)

The CV of the estimate from the total estimate was calculated:

oV = Jvar(N;)
N;
Confidence intervals (95%) were calculated using the lognormal method of Buckland et al. (2001):
(Ni/C,N; * C)

Where: C = exp[za * ,/var(logeNi]

var(N;)
N*2

and: var(log,N*) = log, [1 +

The final averaged abundance estimate (IVm,g) was calculated by combining the estimates from two surveys
(Visual and Photo) using a mean weighted by effort (Buckland et al. 2001 eqn. 8.7):

X _E{ N +E, N,
wg E, + E,

Where E; is the effort calculated as the area covered by the survey i

The variance of the mean estimate is calculated as follows (Buckland et al. 2001 eqgn. 8.8):

E? var(N,) + E? var(N,)
(E1 + Ep)?

var (ﬁ avg ) =
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3.4.3 Quality Management

To confirm data integrity, validity, and reliability, the following QA/QC measures were undertaken:

m Data was collected and entered into the MMASP database by qualified experienced MMOs following standard
field data collection methods (Appendix A).

B Field data entries were reviewed by a different member of the MMO team for completeness and accuracy.
B Effort and area calculations were reviewed by a Golder Biologist to ensure accuracy.

m Afinal QA/QC of the data results was conducted by the senior Golder Biologist.

3.5 Leg 2 Survey Results

Leg 2 aerial surveys for narwhal were conducted in the North Baffin area during August 2021. The objectives of
the surveys were to obtain abundance estimates of narwhal during the open-water season for the Eclipse Sound
and Admiralty Inlet summer stock areas. Open-water surveys (Leg 2) were flown in the Eclipse Sound grid and
Admiralty Inlet grid from 8—26 August. A total of five surveys were attempted in the Eclipse Sound survey grid and
four surveys were attempted in the Admiralty Inlet survey grid during Leg 2. Complete coverage was obtained on
three of the five surveys in Eclipse Sound and two of the four surveys in Admiralty Inlet. One survey of the
combined Eclipse Sound and Admiralty Inlet grids occurred within a three-day period.

351 Survey Coverage

Five surveys were attempted over 19 days during the open-water season in the Eclipse Sound and Admiralty Inlet
grids (see Appendix B; Figures B-11 to B-19). Over the course of the five surveys, a total of 11,669.7 km of survey
effort was conducted which included both visual and photographic surveys (Table 9).

Eclipse Sound Grid: Visual surveys totaled 5,415.7 km and photographic surveys totaled 2,512.5 km of survey
effort (Table 9). Three of the five surveys (Surveys 1 and 2 combined, 4, and 5) achieved complete coverage of
the survey grid (see Appendix B; Figures B-11, B-12, B-17 and B-19). Survey 1 missed two fjords (Paquet Bay
and Oliver Sound) due to high turbulence. Due to technical issues with photos on one of the aircrafts during
Surveys 1 and 2, the photographic survey in Milne Inlet South (MIS) from Survey 1 was combined with the
Survey 2 data to make a complete survey. Survey 3 was not retained for the abundance analysis due to poor
sightings conditions. Survey 4 was completed in two days due to poor photographic survey conditions
encountered on the first day. Survey 5 was retained for the abundance analysis and was completed in one day.

Admiralty Inlet Grid: Visual surveys totaled 3,212.1 km and photographic surveys totaled 529.5 km of survey
effort (Table 9). Four surveys (Surveys 2, 3, 4 and 5) were flown in Admiralty Inlet in 2021 and two, Surveys 3 and
4, were retained for analysis (see Appendix B; Figures B-13, B-15, B-16, and B-18). Poor survey conditions during
the time allotted for Survey 1 did not allow for all planned surveys to be conducted. Surveys 2 and 5 were not
completed due to poor survey conditions in the northern portion of the survey area. Survey 3 was completed in
two days due to deteriorating weather conditions at Mary River site. Survey 4 achieved complete coverage of the
survey grid in a single day under good sighting conditions.
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Table 9: Visual (V) and photographic (P) surveys undertaken during Leg 2.

Survey 1 ‘ Survey 2 Survey 3 Survey 4 Survey 5
Survey Stratum 8 Aug ‘ 10-11 Aug 14-18 Aug 19-21 Aug 22-26 Aug
Pond Inlet (PI) \% \% \% \% \%
Eclipse Sound East (ESE) \Y \Y \Y \Y \Y
Eclipse Sound West (ESW) \% \% \% \% \%
Milne Inlet North (MIN) \% \% \% \% \%
Milne Inlet South (MIS) P P P P P
Tremblay Sound (TS) P P P P P
Navy Board Inlet (NBI) \% \% \% \% \%
Eclipse Fjords \Y \Y \Y Y, Vv
Eclipse Visual Effort (km) 1,028.6 1,064.5 916.6 1,210.3 1,195.7
Eclipse Photographic Effort (km) 376.1 361.4 642.2 495.5 637.2
Eclipse Total Effort (km) 1,404.7 1,425.9 1,558.8 1,705.8 1,832.9
Admiralty Inlet North (AIN) — \% \Y V&P \Y,
Admiralty Inlet South (AIS) — \% V&P V&P V&P
Admiralty Fjords — — \% \% —
Admiralty Visual Effort (km) — 508.2 1,051.2 1,141.8 510.8
Admiralty Photographic Effort (km) — — 88.6 270.7 170.1
Admiralty Total Effort (km) — 508.2 1,139.8 1,412.5 680.9
Combined Total Effort (km) 1,404.7 1,934.2 2,698.7 3,118.3 2,513.8

3.5.2 Sighting Conditions

MMOs recorded environmental sighting conditions during visual surveys at the beginning and end of each
transect and anytime conditions changed along the track. All sighting conditions were recorded within the MMO
field of view (1 km of the transect line). Sightings conditions were evaluated based on survey effort when each
condition was observed. Sighting conditions are pooled for both Eclipse and Admiralty survey grids during
Surveys 2 to 5. Survey 1 represent sightings conditions for the Eclipse survey grid as Admiralty Inlet was not
flown. For calculating abundance estimates, distance analyses used the sighting conditions as covariates in the
model.

Ice Cover

No ice was present in Eclipse Sound or Admiralty Inlet during Leg 2 surveys (Figure 18).
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Ice Cover
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Figure 18: Ice Cover during Leg 2 of the 2021 MMASP.

Fog

Two measurements of fog were used as sighting conditions. Fog cover was assessed as the percent (0—100%) of
fog obscuring the viewing area and fog intensity (four levels: “none” when there was no fog, “light” fog that
animals were visible through, “moderate” when animals were likely missed in the fog, and “thick” when animals
were certainly missed in the fog). Areas that were forecasted to be foggy were avoided when daily surveys were
planned. Fog cover ranged from None to 100% cover during Leg 2 of the 2021 MMASP. Fog was present during
Surveys 2 to 5 and accounted for 0.2% to 4% of the effort of each survey, respectively (Figure 19). Most of the fog
that was present on the survey was primarily of light and moderate thickness (Figure 20).

Fog Cover
100%
g 99%
= 98%
% 97%
> 96%
S 95% >50%
“g 94% = 10-50%
£ 93% mNone
8 92%
g 91%
90%
1 2 3 4 5
Survey No.

Figure 19: Fog Cover During Leg 2 of the 2021 MMASP.
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Figure 20: Fog Intensity During Leg 2 of the 2021 MMASP

Beaufort Sea State

On a scale of 0 to 12, the Beaufort Sea State (BF) ranged from BF O (glassy mirror) to BF 6 (large waves) during
Leg 2 of the 2021 MMASP (Figure 21). Most sea state conditions were recorded between BF 0 (glassy mirror)
and BF 3 (large wavelets, scattered whitecaps) for both survey grids. Areas that were forecasted to have high sea
states (i.e., BF 5) were avoided when daily surveys were planned. If sea state conditions exceeded BF 4, the area
was generally abandoned, and the survey was resumed in an area with more favorable environmental sighting
conditions.

Beaufort Sea State

100%
90% l
80%
70% mBF 6
60% mBF5

Percent of survey effort (%)

50% = BF 4

40% mBF 3

30% BF 2

20% =BF 1
10%

0% EBF O
0

1 2 3 4 5

Survey No.

Figure 21: Beaufort Sea State During Leg 2 of the 2021 MMASP
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Glare Cover and Intensity

Two measurements of glare were used as sighting conditions. Glare cover was assessed as the percent (0—
100%) of the viewing area affected by sun reflection and glare intensity (four levels: “none” when there was no
reflection, “low” when animals were likely detected in center of reflection angle, “moderate” when animals were
likely missed in the center of reflection angle, and “intense” when animals were certainly missed in the center of
reflection angle). All surveys were flown during partial cloudy conditions with glare recorded as “none” for 36% to
60% of the survey effort in each survey (Figure 22 and Figure 23).

Glare Cover
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Figure 22: Glare Cover During Leg 2 of the 2021 MMASP
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Figure 23: Glare Intensity During Leg 2 of the 2021 MMASP
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3.5.3 Visual Survey Sightings

Eclipse Sound Grid: Six different species of marine mammals were observed during Leg 2 visual surveys of the
2021 MMASP in the Eclipse Sound grid: narwhal, bowhead whale, ringed seal, harp seal, bearded seal, and polar
bear. Unidentified whales and seals were also recorded during the visual surveys.

Table 10 summarizes the number of marine mammal sightings and animals recorded for each species in each of
the five Leg 2 surveys. A total of 338 sightings and 1,135 animals were recorded during Leg 2 visual surveys in
the Eclipse Sound grid. The most commonly sighted species was ringed seal (180 sightings totalling

220 animals), followed by narwhal (25 sightings totalling 60 animals), harp seal (25 sightings totalling

729 animals), polar bear (13 sightings totalling 22 animals), bowhead whale (two sighting of single whales), and
bearded seal (one sighting of a single animal). There were also 91 unidentified seal sightings totalling 100 animals
and one sighting of a single unidentified whale.

Table 10: Marine mammal sightings (including off-effort) in Eclipse Sound grid during Leg 2.

Survey 1 Survey 2 Survey 3 Survey 4 Survey 5
Species Sightings Animals Sightings Animals | Sightings Animals Sightings Animals | Sightings | Animals
Narwhal 3 4 3 3 5 5 13 47 1 1
Bowhead
Whale 0 0 0 0 0 0 2 2 0 0
Unidentified
Whale 1 1 0 0 0 0 0 0 0 0
Ringed Seal 39 42 23 a7 11 12 78 86 29 33
Harp Seal 8 23 7 61 1 3 3 48 6 594
Bearded 0 0 0 0 0 0 1 1 0 0
Seal
Unidentified 24 25 1 11 8 10 34 40 14 14
Seal
Polar Bear 2 2 3 7 0 0 5 8 3 5
Total 77 97 a7 129 25 30 136 232 53 647

Admiralty Inlet Grid: Eight different species of marine mammals were observed during Leg 2 visual surveys of
the 2021 MMASP in the Admiralty Inlet grid: narwhal, bowhead whale, beluga whale, killer whale, ringed seal,
harp seal, bearded seal, and polar bear. Unidentified whales and seals were also recorded during the surveys.
Table 11 summarizes the number of marine mammal sightings and animals recorded for each species during
each of the Leg 2 surveys. A total of 1,104 sightings and 4,789 animals were recorded during Leg 2 visual
surveys in the Admiralty Inlet grid.

The most commonly identified species was narwhal (512 sightings totalling 2,219 animals), followed by ringed
seal (204 sightings totalling 246 animals), harp seal (92 sightings totalling 1,929 animals), polar bear (23 sightings
totalling 46 animals), bowhead whale (38 sightings totalling 60 animals), killer whale (4 sightings totalling

26 animals), beluga whale (two sightings of a single whale), and bearded seal (two sightings of a single seal).
There were also 226 sightings of unidentified seal totalling 257 animals and one sighting of a pair of unidentified
whales.
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Table 11: Marine mammal sightings (including off-effort) in Admiralty Inlet grid during Leg 2.

Survey 2 Survey 3 Survey 4 Survey 5
No. No. No. No. No. No. No. No.

Species Sightings =~ Animals Sightings | Animals Sightings  Animals Sightings | Animals

Narwhal 77 221 103 252 195 976 137 770

Bowhead

Whale 9 9 1 1 17 35 11 15

Beluga Whale 2 2 0 0 0 0 0 0

Killer Whale 0 0 1 7 3 19 0 0

Unidentified

Whale 0 0 0 0 1 2 0 0

Ringed Seal 0 0 68 81 96 111 40 54

Harp Seal 10 212 22 294 51 1,393 9 30

Bearded Seal 0 0 2 2 0 0 0 0

Unidentified

Seal 8 8 36 38 168 196 14 15

Polar Bear 2 4 12 24 3 9 6 9

Total 108 456 245 699 534 2,741 217 893
Narwhal

Eclipse Sound Grid: During the open-water season (Leg 2) narwhal were primarily sighted in Milne Inlet South
and Tremblay Sound strata as evident in the photographic coverage of the areas (see Appendix B, Figures B-11,
B-12, B-14, B-17 and B-19). Relatively few narwhal were recorded in Eclipse Sound, Navy Board Inlet or the
Fjords during the five Leg 2 surveys conducted in August.

A total of 25 sightings and 60 individual narwhal were recorded during the Leg 2 visual survey of the Eclipse
Sound grid (Table 10). Narwhal group sizes ranged from single animals to a group size of 15, with mean and
median group sizes of 2.4 and 1.0, respectively. Two mother/calf pairs were recorded during the surveys. One
mother/calf pair was observed during Survey 1 (8 August) in White Bay fjord stratum. During Survey

4 (20 August), one mother/calf pair was observed in Milne Inlet North stratum.

Admiralty Inlet Grid: Narwhal were observed clumped close to shore on the western side of the Admiralty Inlet

(as evident in the photographic coverage for Leg 2 Surveys 3 and 4; see Appendix B; Figures B-15, B-16, and B-
18) and dispersed in the southern portion of Admiralty Inlet South stratum (see Appendix B, Figures B-15 and B-
16).

A total of 512 sightings and 2,219 individual narwhal were recorded during the Leg 2 visual surveys of the
Admiralty Inlet grid (Table 11). Narwhal group sizes ranged from single animals to a group size of 16, with mean
and median group sizes of 2.5 and 2.0, respectively (observer sightings that lumped multiple sightings together
were excluded from the mean and median group size estimates). Fifty-nine mother/calf pairs and nine lone calves
were recorded during the surveys. Eight mother/calf pairs and one lone calf were observed in the Admiralty Inlet
North stratum. Fifty-one mother/calf pairs and eight lone calves were observed in the Admiralty Inlet South
stratum.
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Bowhead Whale

Eclipse Sound Grid: Two bowhead whale were observed in the RSA during the open-water surveys (Table 10).
Both were sighted on August 20 (Survey 4), one in Pond Inlet stratum on the south shore of Bylot Island and one
in the Eclipse Sound East stratum north of Emerson Island (see Appendix B; Figure B-17).

Admiralty Inlet Grid: Bowhead whale were observed in Admiralty Inlet during Leg 2 surveys flown in August.
Bowhead whale sightings were located primarily in the same areas that narwhal were sighted, clumped close to
shore on the western side of Admiralty Inlet and dispersed in the southern portion of the Admiralty Inlet South
stratum (see Appendix B, Figures B-13, B-15, B-16 and B-18). A total of 38 sightings and 60 individual bowhead
whales were recorded during the Leg 2 visual surveys of the Admiralty Inlet grid (Table 11). Bowhead group sizes
ranged from single animals to a group size of seven, with mean and median group sizes of 1.6 and 1.0,
respectively. No mother/calf pairs were observed.

Beluga Whale
Eclipse Sound Grid: No beluga were observed in Eclipse Sound during Leg 2 visual surveys.

Admiralty Inlet Grid: There was two sightings of a single beluga observed on 11 August (Survey 2) in the
Admiralty North stratum during the Leg 2 visual surveys (Table 11; see Appendix B, Figure B-13). One sighting
was at the mouth of Moffet Inlet and the other was on the western shore in Admiralty Inlet North.

Killer Whale
Eclipse Sound Grid: No killer whale were observed in Eclipse Sound during Leg 2 visual surveys.

Admiralty Inlet Grid: Killer whale were observed on two days during Leg 2 visual surveys (Table 11). The first
sighting of approximately seven killer whales was observed on 16 August (Survey 3) in the Admiralty Inlet South
stratum in close proximity to the concentration of narwhal clumped close to shore on the western side of the
Admiralty Inlet (Appendix B, Figure B-15). On the 19 August (Survey 4), three sightings of killer whales (group
sizes of 2, 5 and 12) were observed in close proximity to each other in the Admiralty North stratum and near the
concentration of narwhal clumped close to shore on the western side of the Admiralty Inlet (see Appendix B,
Figure B-16).

Unidentified Whale

Eclipse Sound Grid: A single unidentified whale was observed in Eclipse Sound West stratum during Leg
2 Survey 1 (Table 10; see Appendix B, Figure B-11).

Admiralty Inlet Grid: There was one sighting of a pair of unidentified whale observed in Admiralty Inlet South
stratum during Leg 2 Survey 4 (Table 11; see Appendix B, Figure B-16).

Ringed Seal

Eclipse Sound Grid: Ringed seals were observed during all Leg 2 visual surveys throughout the Eclipse Sound
grid (see Appendix B, Figures B-11, B-12, B-14, B-17 and B-19). There was a total of 180 sightings totalling

220 individual ringed seals recorded during Leg 2 visual surveys (Table 10). Ringed seal sightings were primarily
of single animals (162 of 180 sightings). The remaining ringed seal sightings observed consisted of groups of two,
three, one sighting of six animals, one sighting of nine animals, and one sighting of ten animals.
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Admiralty Inlet Grid: Ringed seals were observed during three of the four surveys flown during Leg 2 visual
surveys of the Admiralty Inlet grid (see Appendix B, Figures B-15, B-16 and B-18). There was a total of

204 sightings totalling 246 individual ringed seals recorded during Leg 2 visual surveys (Table 11). Ringed seal
sightings were primarily of single animals (177 of 204 sightings). The remaining ringed seal sightings observed
consisted of groups of two, three, and seven animals.

Harp Seal

Eclipse Sound Grid: Harp seal were observed on all Leg 2 visual surveys. They were observed primarily at the
top of Navy Board Inlet and in the Pond Inlet stratum (see Appendix B, Figures B-11, B-12, B-14, B-17 and B-19).
A total of 25 sightings and 729 individual harp seals were recorded during Leg 2 visual surveys (Table 10). Harp
seal were observed with group sizes that ranged from one to 400 animals with mean and median group sizes of
29.2 and 5.0, respectively.

Admiralty Inlet Grid: Harp seal were observed on all Leg 2 visual surveys in Admiralty Inlet grid (see
Appendix B, Figures B-13, B-15, B-16 and B-18). A total of 92 sightings and 1,929 individual harp seals were
recorded during Leg 2 visual surveys (Table 11). Harp seals were observed throughout the survey area with
group sizes ranging from one to 300 animals with mean and median group sizes of 21.0 and 2.0, respectively.

Bearded Seal

Eclipse Sound Grid: One sighting of an individual bearded seal was recorded in Eclipse Sound East stratum
during Survey 4 of Leg 2 (Table 10; see Appendix B, Figure B-17).

Admiralty Inlet Grid: There were two sightings of an individual bearded seal observed in Admiralty Inlet grid in
Strathcona Sound and Moffet Inlet during Survey 3 of Leg 2 visual surveys (Table 11; see Appendix B, Figure B-
17).

Unidentified Seal

Eclipse Sound Grid: Unidentified seals were observed throughout the survey area during Leg 2 visual surveys
(see Appendix B, Figures B-11, B-12, B-14, B-17 and B-19). A total of 91 sightings and 100 seals were recorded
with mean and median group sizes of 1.1 and 1.0, respectively (Table 10).

Admiralty Inlet Grid: Unidentified seals were observed throughout the survey area during Leg 2 visual surveys in
the Admiralty Inlet grid (Appendix B, Figures B-13, B-15, B-16 and B-18). A total of 226 sightings and 257 seals
were recorded with mean and median group sizes of 1.1 and 1.0, respectively (Table 11).

Polar Bear

Eclipse Sound Grid: thirteen polar bear sightings totalling 22 individuals were made during Leg 2 visual surveys
in the Eclipse Sound grid (Table 10). Ten of the sightings occurred in Navy Board Inlet stratum, two in Pond Inlet
stratum, and one in the Paquet Bay (see Appendix B, Figures B-11, B-12, B-17 and B-19). Ten of the sightings
were of single animals and the other four sightings were of a mother with two cubs.

Admiralty Inlet Grid: Twenty-three polar bear sightings totalling 46 individuals were made during Leg 2 visual
surveys in the Admiralty Inlet grid (Table 11). Eleven of the sightings were of single animals, ten sightings were of
a mother with one or two cubs, and two sightings were of a group of three bears of unknown age class.
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3.54 Photographic Survey Sightings

Photographic analyses were only completed for surveys with complete survey (transect) coverage and adequate
sighting conditions. For the Eclipse Sound survey grid, this included Surveys 1, 2, 4 and 5. Survey 1 in MIS and
Survey 2 in TS were combined due to technical issues with the photographs on one of the aircrafts. Survey 3 was
not retained due to poor sightings conditions including low ceilings and high sea states. Survey 4 was completed
in two days due to poor photographic survey conditions encountered on the first day. For the Admiralty Inlet
survey grid, analysis of the aerial photographic data for Admiralty (Leg 2) was limited to Surveys 3 and 4. Survey
3 was completed over two days due to deteriorating weather conditions at Mary River. Surveys 1, 2 and 5 were
not used for the analysis; Survey 1 was not flown due to poor weather and Surveys 2 and 5 were not completed
due to poor observation conditions. All photographic surveys were flown at 610 m (2,000 ft).

Eclipse Sound Grid: During the open-water season (Leg 2), narwhal were primarily sighted in Milne Inlet South
and Tremblay Sound strata as evident in the photographic coverage of the areas (Figure 24 A-B, Figure 26 A-B,
and Figure 27 A-B). A total of 1,753 sightings and 2,833 narwhal were recorded during photographic surveys in
Eclipse Sound grid (Table 12). Narwhal group sizes ranged from single animals to a group size of 13, with mean
and median group sizes of 1.6 and 1.0, respectively.

Admiralty Inlet Grid: In Admiralty Inlet, two of the three photographic surveys were conducted in the south
stratum and one was conducted in the north stratum (Figure 25 A-B and Figure 26 A-B). A total of

15,603 sightings and 34,726 narwhal were recorded during the photographic surveys in the Admiralty Inlet grid
(Table 12). Narwhal group sizes ranged from single animals to a group size of 178, with mean and median group
sizes of 2.2 and 1.0, respectively. Large group sizes of 30+ animals were observed on the 19 August in the
Admiralty Inlet North (AIN) stratum during a herding event. Fifty-seven bowhead whale sightings totalling

88 bowhead whales were recorded on three of the Leg 2 photographic surveys in the Admiralty Inlet grid (see
Table 12). Bowhead group sizes ranged from single animals to a group size of four, with mean and median group
sizes of 1.5 and 1.0, respectively. No mother/calf pairs were observed.

Table 12: Photographic survey sightings in the Eclipse Sound and Admiralty Inlet grids during Leg 2.

Narwhal Bowhead®
Survey Stratum? No. Sightings No. Animals No. Sightings No. Animals
Eclipse 1 MIS 386 760 0 0
Eclipse 2 TS 257 366 0 0
Eclipse 4 MIS 230 335 0 0
Eclipse 4 TS 330 631 0 0
Eclipse 5 MIS 230 269 0 0
Eclipse 5 TS 320 472 0 0
Admiralty 3 AIS 3,390 7,643 18 23
Admiralty 4 AIS 11,378 21,845 23 30
Admiralty 4 AIN 835 5,238 16 35

2 MIN=Milne Inlet North, MIS=Milne Inlet South, TS=Tremblay Sound, AIN=Admiralty Inlet North, AIS=Admiralty Inlet South
b Not including re-sightings
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355 Narwhal Abundance Estimate

Narwhal abundance estimates were only calculated for survey replicates with complete transect coverage and
adequate sighting conditions. For the Eclipse Sound survey grid, this included Surveys 1 and 2, 4, and 5.

Surveys 1 and 2 were combined due to technical issues. Survey 3 was not retained due to poor sighting
conditions including low ceilings and high sea states resulting in incomplete coverage. Survey 4 was completed in
two days due to poor photographic survey conditions encountered on the first day. Survey 5 was completed in
one day with good sighting conditions.

For the Admiralty Inlet survey grid, analysis of the aerial photographic data for Admiralty (Leg 2) was limited to
Surveys 3 and 4. Survey 3 was completed in two days due to deteriorating weather conditions at Mary River and
Survey 4 was completed in one day with good sighting conditions. Surveys 1, 2 and 5 were not used for the
analysis. Survey 1 was not flown due to poor weather and Surveys 2 and 5 were not completed due to poor
sighting conditions.

3.55.1 Visual Survey Data Characteristics

Sightings data from both the Eclipse Sound and Admiralty Inlet survey grids supplemented one another to provide
for a more robust model of probability detection function. The same marine mammal observers flew both the
Eclipse Sound and Admiralty Inlet grids and were incorporated into the model as a covariate. Re-sightings were
not used for the estimation of any variables.

One detection function was created for narwhal for the combined Eclipse Sound and Admiralty Inlet grids.
Sightings data was pooled between dates to increase sample size to meet the assumptions of the detection
probability model, but only if the spatial distribution of species detections (sightings) were similar between those
days (i.e., the ability to detect animals at a distance did not change under the available sighting conditions,
including altitude). Combining survey data for days with apparent variability in detectability can skew findings and
result in either an over- or under-estimation of true animal density for a specific date. Environmental conditions
were good for all the surveys chosen to calculate abundances. Location (i.e., Eclipse Sound vs Admiralty Inlet)
was included as a covariate in the detection function model but it did not lower Akaike’s Information Criterion
(AIC) values and consequently, location specific models were not created.

The number of narwhal sightings during fjord transects was too small (h=2) to appropriately perform abundance
estimations using the Density Surface Modelling technique (Doniol-Valcroze et al. 2015b). Individual fjord surveys
were instead treated as separate transects within a fjord-based stratum and analyzed the same as transects
within the other regional strata.

Analysis of sightings data was performed using the Mark-Recapture Distance Sampling (MRDS) analysis package
(Laake et al. 2018) within R version 4.1.2 (R Core Team 2021). The shape of the histogram suggested that some
animals were missed close to the trackline despite the bubble windows. There was a risk that hazard-rate and
half-normal distributions would overestimate the probability of detection and the resulting effective strip width. The
gamma key function does not assume a 100% detection on the track line (g(0)=1). A horizontal offset value can
be applied to the gamma detection function data since that key function assumes zero detections at zero
distance. However, offsetting the data for the gamma key function does bias the results, with larger offsets
creating a greater bias. Since the decrease in detections near the trackline was minimal for the data collected in
2021, the gamma key function was not a good fit for the 2021 data. Environmental and observer covariates were
included for fitting the detection function and mark-recapture models. Models were selected using the minimum
AIC.

GOLDER
P eveerorwss 67



26 October 2022 1663724-353-R-Rev0-49000

The combined narwhal sightings (n=414) for the Eclipse Sound and Admiralty Inlet survey grids from the open-
water season survey (Leg 2) were used for estimating the detection function and mark-recapture detection
probabilities for narwhal in Eclipse Sound and Admiralty Inlet (Figure 28). This was because the same observers
were used for both the Eclipse Sound and Admiralty Inlet grids and location (i.e., Eclipse Sound or Admiralty Inlet)
did not affect the model. Examination of the histogram of the perpendicular distances of unique sightings
suggested right-truncating the data at 1,000 m (i.e., discarding sightings beyond 1,000 m).

Model selection was performed on the three key functions and all the combinations of environmental covariates. A
half normal key function and covariates for observer pair, glare angle, glare angle and the interaction of glare
intensity, 30 second rolling count of observations, and group size had the lowest AIC for detection function
models: (g(x)=0.36 and CV=0.04%; see Appendix C).

Selection among mark-recapture models was performed on all combinations of environmental covariates. The
lowest AIC was a model with covariates for observer, distance, observer pair and the interaction of distance,
15 second rolling count of observations, and group size (see Appendix C). It resulted in a p(0) of 0.69 for
observers 1 (Figure 29) and 0.57 for observers 2 (Figure 30), and a combined p(0) of 0.86 and (CV=0.03). The
combined models resulted in a detection probability of 0.31 (CV=0.05).

Pooled detections

1.0

Detection probability
0.4

0.0

T T T T
0 200 400 600 800 1000
Distance (m)

Figure 28: Histogram showing perpendicular distances of narwhal sightings in Eclipse Sound and
Admiralty Inlet survey grids. Note: Fitted half normal key function is shown with right truncation at
1,000 m (no left truncation). O = probability of detection for each sighting based on perpendicular

distance and other covariates.
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Figure 29: Distribution of narwhal sighting distances for Observer 1 and Combined (Observers 1 and 2) in
Eclipse Sound and Admiralty Inlet survey grids.
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Figure 30: Distribution of narwhal sighting distances for Observer 2 and Combined (Observers 1 and 2) in
Eclipse Sound and Admiralty Inlet survey grids.
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The availability bias component of g(x), where an animal is diving and is thus out of visual range of the observers,
requires species, and area-specific dive profile data to estimate proportion of time spent underwater (e.g., Barlow
et al. 1988). A correction factor (2.94, CV=0.03 for mid-August and 2.92, CV=0.03 for late August) was applied to
the data to account for potential availability bias for this species, adjusted for the specific observation platform.
This correction factor is based on previously reported narwhal dive and aerial survey results (Doniol-Valcroze et
al. 2015a; Watt et al. 2015).

3.55.2 Photographic Survey Data Characteristics

For the assessment of reliability and repeatability of the photographic data, a simple linear regression of the
comparison of two experienced photo readers was run. Repeat counts of 408 photos were highly correlated
(simple linear regression; R? = 0.990, F1,406 = 42.298 x 108, p < 0.0001). Counts for the first and repeat reads were
the same for 126 of the 408 photos, differed by one for 123 photos, and by two for 56 photos, by three for

54 photos, by four for 28 photos, by five and six for seven photos, by seven for three photos and by eight for five
photos. The original counts were kept for the abundance analysis.

On average, 2.3% of the photos had murky water (see Tables 14 and 17 in Section 3.5.5.3), and 13.5% of the
photos had glare (see Tables 14 and 17 in Section 3.5.5.3). Photographs overlapped by an average of 45%.

With ideal sightings conditions for photographic data, one would expect a slight decrease in animal detectability
with increasing distance from the track line. The data showed a slight decrease in sightings with increased
distance from the track line (Figure 31). Possible factors affecting the detectability bias include camera angle,
aircraft crab angle (cross wind), imprecise aircraft altitudes, obscurity of subsurface animals, observer bias, and
animal behaviour. A detection function was created for narwhal in the photographic surveys. Surveys were
selected for the analysis that had no land or glare which would skew the results. Environmental conditions were
appropriate for all the surveys chosen to calculate abundances.

A detection model fitted to the photographic data for one survey flown at 610 m (2,000 ft) resulted in a probability
of detection of 0.9116 (C,; = detectability bias correction factor of 1.10, n=2,260), CV=0.02 (Figure 31). A hazard
rate key function with no adjustments had the lowest AIC of 30417.1 for the detection function model.

GOLDER

P eveerorwss 70



26 October 2022 1663724-353-R-Rev0-49000

Detection probability

0.2

0.0

T T I T
0 200 400 600 800
Distance (m)

Figure 31: Detection Function for Photographic Survey Data at 610 m (2,000 ft).

3.55.3 2021 Narwhal Abundance
3.5.5.3.1 Eclipse Sound Stock

Overall, there were 17 narwhal visual sightings for Surveys 2, 4 and 5 (Table 13). All sightings had perpendicular
distances recorded during flight.

During Surveys 2 (10 August), a total of 1,064.5 km of transects were visually surveyed (Table 13). The total
count of narwhal sightings observed on-effort in the visual survey area was three sightings before and after
truncation (Table 13). Variation of the abundance estimate was a combination of the variation of detection
function, encounter rate, cluster size, and availability bias. Although variation of the abundance estimate was a
combination of the variation from detection function and encounter rate, the overall variation in abundance
estimates came primarily from the encounter rate component (Table 13). The total narwhal abundance for Survey
2 combined visual surveys was estimated at 61 narwhal (CV=1.00) (Table 13).

The total length of transect lines visually surveyed during Survey 4 (20 and 21 August) was 1,210.3 km
(Table 13). The total count of narwhal sightings observed on-effort in the visual survey area was 13 sightings
before and 12 after truncation (Table 13). For this survey, the overall variation in abundance estimates came
primarily from the encounter rate and the cluster size component. The total narwhal abundance for Survey

4 visual surveys was estimated at 873 narwhal (CV=0.99) (Table 13).

During Survey 5 (26 August), a total of 1,195.7 km of transects were visually surveyed (Table 13). The total count
of narwhal sightings observed on-effort in the visual survey area was one sighting before and after truncation
(Table 13). For this survey, the overall variation in abundance estimates came primarily from the encounter rate
component (Table 13). The total narwhal abundance for Survey 5 visual surveys was estimated at 20 narwhal
(CV=0.96) (Table 13).
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Table 13: Narwhal abundance estimates from visual surveys in Eclipse Sound grid during Leg 2.

No. No. % CV % CV
Sight. Sight. contributed contributed
Area Effort Before After Corrected by Encounter by Cluster

Survey | Stratum? (km?) (km) Trunc. Trunc. | Abundance Rate Size
2 Pl 1,381.3 150.3 0 0 - - - -
2 ESE 2,066.5 228.5 0 0 - - - -
2 ESW 841.0 180.0 0 0 - - - -
2 MIN 681.3 160.7 3 3 61 1.00 99.7 0
2 NBI 2,007.8 145.3 0 0 - - - -
2 Fjords 957.5 199.7 0 0 - - - -
2 Total 7,935.5 1,064.5 3 3 61 1.00 - -
4 Pl 1,381.3 138.6 0 0 = = = =
4 ESE 2,066.5 226.9 0 0 - - - -
4 ESW 841.0 205.6 0 0 - - - -

4 MIN 681.3 159.4 12 11 857 1.01 88.3 11.4
4 NBI 2,007.8 166.7 0 0 - - - -
4 Fjords 957.5 313.0 1 1 16 1.14 99.8 0
4 Total 7,935.5 1,210.3 13 12 873 0.99 - -
5 Pl 1,381.3 141.7 0 0 - - - -
5 ESE 2,066.5 211.8 0 0 - - - -
5 ESW 841.0 206.4 0 0 - - - -
5 MIN 681.3 158.5 1 1 20 0.96 99.7 0
5 NBI 2,007.8 165.0 0 0 - - - -
5 Fjords 957.5 312.2 0 0 - - - -
5 Total 7,935.5 1,195.7 1 1 20 0.96 - -

2 PI=Pond Inlet, ESE= Eclipse Sound East, ESW=Eclipse Sound West, MIN=Milne Inlet North, NBI=Navy Board Inlet.

During Survey 2 (10 August), two photographic surveys were undertaken, one in Milne Inlet South (MIS) stratum
and one in the Tremblay Sound (TS) stratum. Due to technical issues with the photographs taken on 10 August in
MIS stratum, the photographic survey that was flown on 8 August in MIS (Survey 1) was used in its place (see
Figure 24-B). A total of 2,293 photographs were taken to capture the narwhal aggregations in the two areas. The
total area photographed was 425.9 km? (272.1 km? in MIS and 153.8 km? in TS; Table 14). The total count of
narwhal in the photographed areas was 1,126 narwhal (760 in MIS and 366 in TS; see Table 12). The sum of the
area of the individual photographs totaled 540.1 km? in MIS and 253.4 km? in TS, resulting in an average density
of 1.4 narwhal/km? in MIS and TS. Multiplying the average density by the total area photographed resulted in a
surface estimate of 383 narwhal in MIS and 222 narwhal in TS. The surface estimate was then corrected for
availability bias using Ca=3.18 (correction from Watt et al. 2015), and detectability bias of 1.10, resulting in a total
narwhal estimate for the photographed areas of 1,336 narwhal (CV=0.04) in MIS and 775 narwhal (CV=0.04) in
TS (Table 14).

During Survey 4 (20 and 21 August), two photographic surveys were undertaken in the Eclipse Sound study area,
one in MIS stratum and one in the TS stratum (see Figure 26-B). A total of 2,415 photographs were taken to
capture the narwhal aggregations in the two areas. The total area photographed was 425.9 km? (272.1 km? in MIS
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and 153.8 km? in TS; Table 14). The total count of narwhal in the photographed areas was 966 narwhal

(335 narwhal in MIS and 631 narwhal in TS; see Table 12). The sum of the area of the individual photographs
totaled 572.6 km?2 in the MIS and 315.2 km? in TS, resulting in an average density of 0.6 narwhal/km?2 in MIS and
2.0 narwhal/km? in TS. Multiplying the average density by the total area photographed resulted in a surface
estimate of 159 narwhal in MIS and 308 narwhal in TS. The surface estimate was then corrected for availability
bias using Cq = 3.18 (correction from Watt et al. 2015), and detectability bias of 1.10, resulting in a total narwhal
estimate for the photographed areas for Survey 4 of 586 narwhal (CV=0.05) in MIS and 1,136 narwhal (CV=0.05)
in TS (Table 14).

During Survey 5 (26 August), two photographic surveys were undertaken, one in MIS stratum and one in the TS
stratum (see Figure 27-B). A total of 2,385 photographs were taken to capture the narwhal aggregations in the
two areas. The total area photographed was 425.9 km2 (272.1 km2 in MIS and 153.8 km?2 in TS; Table 14). The
total count of narwhal in the photographed areas was 741 narwhal (269 in MIS and 472 in TS; see Table 12). The
sum of the area of the individual photographs totaled 514.6 km?2 in MIS and 280.6 km2in TS, resulting in an
average density of 0.5 narwhal/km? in MIS and 1.7 narwhal/km? in TS. Multiplying the average density by the total
area photographed resulted in a surface estimate of 142 narwhal in MIS and 259 narwhal in TS. The surface
estimate was then corrected for availability bias using Ca=3.16 (correction from Watt et al. 2015), and detectability
bias of 1.10, resulting in a total narwhal estimate for the photographed areas for Survey 5 of 493 narwhal
(CV=0.04) in MIS and 897 narwhal (CV=0.04) in TS (Table 14).

Table 14: Narwhal abundance estimates from photographic survey in Eclipse Sound grid during Leg 2.

Survey = Stratum? # Photos #MT: E;ovsvggr Pr;]oé%ts wit Pgo(r(c;né)re SCL:Jcr)La:te A%%rgzcgﬁge CcVv
are
1 MIS 1,472 68 120 272.10 383 1,336 0.04
2 TS 821 3 223 153.84 222 775 0.04
4 MIS 1,535 60 0 272.10 159 586 0.05
4 TS 880 0 2 153.84 308 1,136 0.05
5 MIS 1,521 84 40 272.10 142 493 0.04
5 TS 864 0 248 153.84 259 897 0.04

2 MIN=Milne Inlet North, MIS=Milne Inlet South, TS=Tremblay Sound.

For the Eclipse Sound stock, the narwhal abundance estimates calculated for the three survey replicates (Surveys
2, 4 and 5) ranged from 1,410 to 2,595 narwhal (Table 15). During Leg 2, Survey 4 was the only survey that flew
the combined Eclipse Sound and Admiralty Inlet grids within a three-day period. The other surveys flown in

2021 were missing either the Eclipse Sound grid or the Admiralty Inlet grid. Thus, Survey 4 was selected as the
best abundance estimate for the stocks, with the Eclipse Sound stock of 2,595 narwhal (CV = 0.33, 95% CI of
1,369-4,919).

The abundance estimate for Survey 4 (2,595 narwhal, CV = 0.33, 95% CI of 1,369—-4,919) was similar to the
abundance estimate for Survey 2 (2,172 narwhal, CV = 0.04, 95% CI of 2,005-2,353) and Survey

5 (1,410 narwhal, CV = 0.03, 95% CI of 1,329-1,496) (t-test = 0.48, p = 0.66 and t-test = 1.36, p = 0.27,
respectively). The majority of the sightings were based on photographic data for all surveys. Survey 4 had more
visual sightings which resulted in a higher coefficient of variation.
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Table 15: Narwhal abundance estimates from combined visual and photographic surveys in Eclipse
Sound grid during Leg 2.

Survey Survey Type Estimate CcVv 95% CI
2 Visual 61 1.00 12 - 312
1/2 Photographic 2,111 0.03 1,989 — 2,241
1/2 Combined 2,172 0.04 2,005 - 2,353
4 Visual 873 0.99 172 — 4,429
4 Photographic 1,722 0.04 1,594 — 1,860
4 Combined 2,595 0.33 1,369 — 4,919
5 Visual 20 0.96 4-98
5 Photographic 1,390 0.03 1,318 - 1,466
5 Combined 1,410 0.03 1,329 - 1,496

3.5.5.3.2 Admiralty Inlet Stock

Overall, there were 245 narwhal sightings while on-effort for Surveys 3 and 4 (Table 16). Initially, 50 of the
sightings were missing perpendicular distances. After photo-verification of sightings with missing measurements,
35 perpendicular distances were recovered from the photographs, with the remaining 15 left as missing values.

During Survey 3 (15 and 16 August), a total of 1,051.2 km of transects were visually surveyed (Table 16). The
total count of narwhal sightings observed on-effort in the visual survey area was 93 sightings before truncation
and 91 after truncation (Table 16). Variation of the abundance estimate was a combination of the variation of
detection function, encounter rate, cluster size, and availability bias. For Survey 3 the variation in abundance
estimates came primarily from the encounter rate and the cluster size component. The total narwhal abundance
for Survey 3 visual surveys was estimated at 10,010 narwhal (CV=0.28) (Table 16).

The total length of transect lines visually surveyed during Survey 4 (19 August) was 1,141.8 km (Table 16). The
total count of narwhal sightings observed on-effort in the visual survey area was 152 sightings before truncation
and 151 after truncation (Table 16). The overall variation in abundance estimates came primarily from the
encounter rate and cluster size component. The total narwhal abundance for Survey 4 visual surveys was
estimated at 13,038 narwhal (CV=0.43) (Table 16).

Table 16: Narwhal abundance estimates from visual surveys in Admiralty Inlet grid during Leg 2.
No. No. % CV

0,
Suvey Suatmt (M€ EMOSght SN Conected oy conSE contbued by
Trunc. Trunc. Rate stz slae
3 AIN 6,835.4 | 736.7 18 16 2,576 0.48 84.9 13.8
3 AlIS 1,554.4 169.7 75 75 7,434 0.35 94.8 2.8
3 Fjords 756.2 | 144.8 0 0 - - - -
3 Total | 9,146.1 | 1,051.2 93 a1 10,010 0.28 - -
4 AIN 6,770.9 | 765.8 8 8 1,508 0.56 80.2 18.9
4 AlS 1,389.8 | 162.3 144 143 11,530 0.49 97.5 1.2
4 Fjords 756.2 | 213.6 0 0 - - - -
4 Total | 8,916.9 | 1,141.8 152 151 13,038 0.43 - -

2 AIN=Admiralty Inlet North, AIS=Admiralty Inlet South.
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During Survey 3 (15 and 16 August), one photographic survey was undertaken in the Admiralty Inlet South (AIS)
stratum (see Figure 25). A total of 516 photographs were taken to capture the narwhal aggregations in the area.
The total area photographed was 97.3 km? (Table 17). The total count of narwhal in the photographed areas was
7,643 narwhal (see Table 12). The sum of the area of the individual photographs totaled 185.0 km?, resulting in an
average density of 41.3 narwhal/km?2. Multiplying the average density by the total area photographed resulted in a
surface estimate of 4,024 narwhal. The surface estimate was then corrected for availability bias using

Ca=3.18 (correction from Watt et al. 2015), and detectability bias of 1.10, resulting in a total narwhal estimate for
the photographed area for Survey 3 of 14,037 narwhal (CV=0.04) in AIS (Table 17).

During Survey 4 (19 August), two photographic surveys were undertaken in the Admiralty Inlet study area, one in
AIS stratum and one in Admiralty Inlet North (AIN) stratum (Figure 26). A total of 1,762 photographs were taken to
capture the narwhal aggregations in the two areas, with a total area photographed of 326.5 km? (64.5 km2 in AIS
and 262.0 km? in AIN; Table 17). The total count of narwhal in the photographed areas was 27,083 narwhal
(5,238 in AIN and 21,845 in AIS; see Table 12). The sum of the area of the individual photographs totaled

115.6 km2 in AIN and 432.7 kmZ2 in AlS, resulting in an average density of 45.3 narwhal/km? in AIN and

50.5 narwhal/km? in AlS. Multiplying the average density by the total area resulted in a surface estimate of

2,923 narwhal in AIN and 13,225 narwhal in AlS. The surface estimate was then corrected for availability bias
using C«=3.18 (correction from Watt et al. 2015), and detectability bias of 1.10, resulting in a total narwhal
estimate for the photographed areas for Survey 4 of 10,778 narwhal (CV=0.05) in AIN and 48,766 narwhal
(CV=0.05) in AIS (Table 17).

Table 17: Narwhal abundance estimates from photographic surveys in Admiralty Inlet grid during Leg 2.

i i Area Surface Corrected
Stratum? # Photos | Photos Mu Photos wit CV
(km2) Count Abundance
rky Water h Glare
AlS 516 0 24 97.3 4,024 14,037 0.04
AIN 363 0 48 64.5 2,923 10,778 0.05
AIS 1,399 0 564 262.0 13,225 48,766 0.05

2 AIN=Admiralty Inlet North, AIS=Admiralty Inlet South.

For the Admiralty Inlet stock, the narwhal abundance estimates calculated for the two survey replicates (Surveys
3 and 4) ranged from 24,047 to 72,582 (Table 18). During Leg 2, Survey 4 was the only survey that flew the
combined Eclipse Sound and Admiralty Inlet grids within a three-day period. The other surveys flown in 2021 were
missing either the Eclipse Sound grid or the Admiralty Inlet grid. Thus, Survey 4 was selected as the best
abundance estimate for the stocks, with the Admiralty Inlet stock of 72,582 narwhal (CV = 0.09, 95% CI of
61,333-85,895).

The abundance estimate for Survey 4 (72,582 narwhal, CV = 0.09, 95% CI of 61,333-85,895) was statistically
higher than the abundance estimate for Survey 3 (24,047 narwhal, CV = 0.12, 95% CI of 18,989-30,452) (t-
test = 7.04, p < 0.001). The majority of the sightings were based on photographic data for both surveys. The
difference in abundance estimates between Survey 3 and 4 may be attributed to fewer narwhal being present in
the photographic survey areas during Survey 3 compared to Survey 4. This may have been due to natural
movement patterns of narwhal in and out of the photographic survey areas. Another potential reason for the
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difference in abundance estimates between Survey 3 and 4 may be that more narwhal could have migrated into
Admiralty Inlet after Survey 3 was flown. If this is the case, then there may be more movement in narwhal stocks
during the summer then previously thought.

Table 18: Narwhal abundance estimates from combined visual and photographic surveys in Admiralty
Inlet grid during Leg 2.

Survey Survey Type Estimate CV 95% ClI
3 Visual 10,010 0.28 5,793 - 17,296
3 Photographic 14,037 0.04 12,935 - 15,233
3 Combined 24,047 0.12 18,989 — 30,452
4 Visual 13,038 0.43 5,765 — 29,485
4 Photographic 59,544 0.04 54,626 — 64,904
4 Combined 72,582 0.09 61,333 — 85,895

3.5.5.3.3 Combined Eclipse Sound and Admiralty Inlet Stocks

For the combined Eclipse Sound and Admiralty Inlet stock, the narwhal abundance estimates calculated for the
one survey (Survey 4) was 75,177 (CV = 0.08, 95% CI of 63,795-88,590) (Table 19). The majority of the sightings
were based on photographic data.

Table 19: Narwhal abundance estimates for the combined Eclipse Sound and Admiralty Inlet stocks
during Leg 2.

Survey # Stock Estimate CVv 95% CI
4 Eclipse Sound 2,595 0.33 1,369 — 4,919
4 Admiralty Inlet 72,582 0.09 61,333 — 85,895
4 Combined 75,177 0.08 63,795 — 88,590

3.5.6 Abundance Comparison with Previous Years

During Leg 2, Survey 4 was the only survey that flew the combined Eclipse Sound and Admiralty Inlet grids within
a three-day period. The other surveys flown in 2021 were missing either the Eclipse Sound grid or the Admiralty
Inlet grid. Thus, Survey 4 was selected as the best abundance estimate for the stocks, with the Eclipse Sound
stock of 2,595 narwhal (CV = 0.33, 95% CI of 1,369-4,919), the Admiralty Inlet stock of 72,582 narwhal

(CV =0.09, 95% CI of 61,333—-85,895), and the combined Eclipse Sound and Admiralty Inlet stocks of

75,177 (CV = 0.08, 95% CI of 63,795-88,590) (Table 20).

The abundance estimate for the combined Eclipse Sound and Admiralty Inlet stocks was 75,177 narwhal

(CV =0.08, 95% CI of 63,795-88,590; Table 20) based on aerial surveys conducted on 19-21 August 2021. This
estimate is statistically higher than the abundance calculated during the previous DFO survey conducted in
August 2013 (45,532 narwhal, CV = 0.33, 95% CI of 22,440-92,384; Doniol-Valcroze et al. 2015a) (t-test = 1.82,
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p = 0.042), the 2019 Baffinland estimate of 38,677 (CV = 0.11, 95% CI of 31,155-48,015) (t-test = 4.64, p <
0.001), and the 2020 Baffinland estimate of 36,044 (CV = 0.12, 95% CI of 28,267—-45,961) (t-test = 5.06, p <
0.001). This suggests that narwhal from Eclipse Sound, Admiralty Inlet, and potentially from proximal summer
stock areas (i.e., Somerset Island, East Baffin Island) may have used Admiralty Inlet in 2021.

The sample sizes used to generate narwhal abundance estimates for DFO’s previous surveys (Doniol-Valcroze et
al. 2015a; Marcoux et al. 2019) were not reported, thus degrees of freedom for the DFO surveys were assumed to
be the same as the corresponding Baffinland estimate for t-test analysis. The use of a Z-statistic was
recommended for surveys with unknown sample sizes although this may represent a higher precision than is
warranted by the DFO data. Calculations of a Z-statistic for the combined Eclipse Sound and Admiralty Inlet
stocks resulted in similar significance values as the t-statistic (2021 vs 2013: Z-test = 1.82, p = 0.034, 2021 vs
2019: Z-test = 4.64, p < 0.001, 2021 vs 2020: Z-test = 5.06, p < 0.001).

For Eclipse Sound stock alone, the narwhal abundance estimate was 2,595 narwhal (CV = 0.33, 95% CI of
1,369-4,919; Table 20) based on Baffinland’s aerial survey conducted on 20—-21 August 2021. The 2021 estimate
is statistically lower than the 2016 estimate of 12,039 (CV = 0.23, 95% CI of 7,768-18,660; Marcoux et al. 2019)
(t-test = 3.25, p = 0.016). The 2021 abundance estimate is also statistically lower than the 2013 abundance
estimate of 10,489 (CV = 0.24, 95% CI of 6,342-17,347; Doniol-Valcroze et al. 2015a) (t-test = 2.96, p = 0.021),
the 2019 abundance estimate of 9,931 (CV = 0.05, 95% CI of 9,009-10,946; Golder 2020a) (t-test = 7.33, p <
0.001), and the 2020 abundance estimate of 5,018 (CV = 0.03, 95% ClI of 4,736-5,317; Golder 2021a) (t-

test = 2.75, p = 0.026). Calculations of a Z-statistic for the Eclipse Sound stock resulted in similar significance
values as the t-statistic (2021 vs 2013: Z-test = 2.96, p = 0.001, 2021 vs 2016: Z-test = 3.25, p < 0.001, 2021 vs
2019: Z-test = 7.33, p < 0.001, 2021 vs 2020: Z-test = 2.75, p = 0.003). This result along with the previously
mentioned combined stock estimate suggests a shift of a portion of the Eclipse Sound stock to the Admiralty Inlet
summering ground during the summer of 2021.

Table 20: Comparison of narwhal abundance estimates for Eclipse Sound, Admiralty Inlet, and combined
stocks.

Stock Year

Survey Dates 95% ClI Source

(Survey #)

Abundance CVv

Eclipse Sound 2004 | August 20,225 0.36 9,471-37,096 Richard et al. 2010
Eclipse Sound 2013 | 18-19 Aug 10,489 0.24 | 6,342-17,347" ?gfg'va'croze etal.
Eclipse Sound 2016 | 7-10 Aug 12,039 0.23 7,768-18,660 Marcoux et al. 2019
Eclipse Sound 2016 | 15 Aug 20,093 0.57 6,449-104,339 Golder 2018b
Eclipse Sound 2016 | 21 Aug 12,955 0.16 7,245-23,166 Golder 2018b
Eclipse Sound 2019 21-22 Aug (#3) 7,765 0.04 7,182-8,396 Golder 2020a
Eclipse Sound 2019 25-27 Aug (#4) 12,088 0.08 10,388-14,066 Golder 2020a
Eclipse Sound 2019 21-27 Aug (#3&4) 9,931 0.05 9,009-10,946 Golder 2020a
Eclipse Sound 2019 | 29-30 Aug (#5) 4,879 0.06 4,322-5,507 Golder 2020a
Eclipse Sound 2020 | 20 Aug (#1) 3,519 0.03 3,308 — 3,743 Golder 2021a
Eclipse Sound 2020 | 29 Aug (#3) 5,018 0.03 4,736 - 5,317 Golder 2021a
Eclipse Sound 2021 | 8 &10 Aug (#1&2) 2,172 0.04 2,005 - 2,353 Golder 2022b
Eclipse Sound 2021 20-21 Aug (#4) 2,595 0.33 1,369 - 4,919 Golder 2022b
Eclipse Sound 2021 26 Aug (#5) 1,410 0.03 1,329 - 1,496 Golder 2022b
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Survey Dates 95% ClI Source
(Survey #)

Admiralty Inlet 2003 | August 5,362 0.50 1,920-12,199 Richard et al. 2010
Admiralty Inlet 2010 | 7-11 Aug 18,049 023 | 11,613-28,053 ggﬁ"“ e (B
Admiralty Inlet | 2013 | 12-17 Aug 35,043 0.42 | 14,188-86,553" Z‘_’%ol';ga'cmze G
Admiralty Inlet 2019 | 21-22 Aug (#3) 27,436 0.14 20,860-36,084 | Golder 2020a
Admiralty Inlet 2019 | 25-26 Aug (#4) 30,638 0.29 17,668-53,129 Golder 2020a
Admiralty Inlet 2019 | 21-26 Aug (#3&4) 28,746 0.15 21,545-38,354 | Golder 2020a
Admiralty Inlet 2019 | 29-30 Aug (#5) 18,976 0.20 12,963-27,779 Golder 2020a
Admiralty Inlet 2020 | 21 Aug (#1) 17,244 0.18 12,056-24,664 Golder 2021a
Admiralty Inlet 2020 | 28 Aug (#3) 31,026 0.14 23,406-41,126 Golder 2021a
Admiralty Inlet 2021 | 15-16 Aug (#3) 24,047 0.12 18,989 — 30,452 | Golder 2022b
Admiralty Inlet 2021 | 19 Aug (#4) 72,582 0.09 61,333 — 85,895 | Golder 2022b
Combined 2013 | 12-19 Aug 45,532 0.33 | 22,440-92,384 Z?;Bol'é\;a'croze et
Combined 2019 | 21-22 Aug (#3) 35,201 0.11 28,401-43,629 Golder 2020a
Combined 2019 | 25-27 Aug (#4) 42,726 0.21 28,620-63,786 Golder 2020a
Combined 2019 21-27 Aug (#3&4) 38,677 0.11 31,155-48,015 Golder 2020a°
Combined 2019 | 29-30 Aug (#5) 23,855 0.16 17,581-32,368 Golder 2020a
Combined 2020 | 20-21 Aug (#1) 20,763 0.15 15,410-27,976 Golder 2021a
Combined 2020 | 28-29 Aug (#3) 36,044 0.12 28,267-45,961 Golder 2021a
Combined 2021 | 19-21 Aug (#4) 75,177 0.08 63,795 — 88,590 | Golder 2022b

a Possible narwhal aggregation missed during survey personal comms. local hunters.
b T. Doniol-Valcroze, Pers. Comm. 2020.
¢ T. Number has been revised from the Golder 2020a report to correct an error.

For the Admiralty Inlet stock alone, the narwhal abundance estimate was 72,582 narwhal (CV = 0.09, 95% CI of
61,333-85,895; Table 20) based on Baffinland’s aerial survey conducted on 19 August 2021. This estimate is
statistically higher than the abundance calculated of the 2013 DFO estimate of 35,043 narwhal (CV = 0.42, 95%
Cl of 14,188-86,553; Doniol-Valcroze et al. 2015a) (t-test = 2.35 p = 0.015), the 2019 Baffinland estimate of
28,746 narwhal (CV = 0.15, 95% CI of 21,545-38,354) (t-test = 5.80, p < 0.001), and 2020 Baffinland estimate of
31,026 narwhal (CV = 0.14, 95% CI of 23,406—41,126) (t-test = 5.40, p < 0.001). Calculations of a Z-statistic for
the Admiralty Inlet stock resulted in similar significance values as the t-statistic (2021 vs 2013: Z-test = 2.35,

p = 0.009, 2021 vs 2019: Z-test = 5.80, p < 0.001, 2021 vs 2020: Z-test = 5.40, p < 0.001). As mentioned above,
this result suggests that narwhal from Eclipse Sound, Admiralty Inlet, and potentially from proximal summer stock
areas (i.e., Somerset Island, East Baffin Island) may have used Admiralty Inlet in 2021.
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3.6 Discussion
3.6.1 Narwhal Abundance and Distribution

High-level Summary: Results from the Leg 2 survey indicated that: i) narwhal abundance in Eclipse Sound was
statistically lower in 2021 than observed in previous years when aerial surveys were conducted (i.e., 2013, 2016,
2019 and 2020), and ii) the combined narwhal abundance in Eclipse Sound and Admiralty Inlet was statistically
higher in 2021 to what was observed in previous years (2013, 2019 and 2020). These results suggest a portion of
the Eclipse Sound stock occupied the Admiralty Inlet summering ground during the summer of 2021. The results
also suggest there is potentially greater mixing between neighbouring summer stocks (i.e., Admiralty Inlet,
Somerset Island, and/or East Baffin Island) than is currently recognized.

Narwhal stock abundance in the Eclipse Sound grid was significantly lower in 2020 and 2021 than in previous
survey years (2013, 2016 and 2019), including years prior to the start of Baffinland’s iron ore shipping operations
in the RSA (i.e., 2015). The observed decrease in narwhal abundance in the Eclipse Sound grid in 2020 and
2021 was consistent with findings from the 2020 and 2021 Bruce Head study, which indicated that local narwhal
relative abundance (total number of narwhal corrected for survey effort) in the Bruce Head study area was
substantially lower in 2020 and 2021 than in previous survey years (2014-2019) (Golder 2022a). However, the
combined narwhal abundance in Eclipse Sound and Admiralty Inlet was shown to be similar in 2020 to that
observed in previous survey years (2013 and 2019); and was statistically higher in 2021 than in previous survey
years (2013, 2019 and 2020). Collectively, these results suggest one or more of the following:

B A portion of the Eclipse Sound stock occupied the Admiralty Inlet summering ground during the 2020 and
2021 open-water seasons. Potential primary drivers of displacement considered in 2020 included i) acoustic
disturbance effects from icebreaking, ii) acoustic disturbance effects from construction activities (e.g., Year
1 of impact pile driving) associated with the Pond Inlet Small Craft Harbour (SCH) Project, and/or iii)
increased killer whale presence in the RSA (Golder 2021c). Note that open-water shipping was not identified
as a likely contributing factor to the observed decline in 2020 for reasons identified in Baffinland (2021), and
that rationale remains valid for 2021.

B Favorable environmental conditions (e.g., prey availability, ice coverage, lower predation pressure) during the
spring and/or summer seasons in Admiralty Inlet may have attracted a larger influx of narwhal from the
Eclipse Sound summer stock, and potentially from proximal summer stock areas (i.e., Somerset Island, East
Baffin Island) during the 2020/2021 open-water seasons.

B There is a natural exchange of narwhal between the two putative summer stock areas (i.e., Eclipse Sound
and Admiralty Inlet) during the open-water season. This has been previously suggested by DFO based on
historical aerial survey results (Doniol-Valcroze et al. 2015a, 2020; DFO 2020) and telemetry studies (DFO
2020). Natural exchange of narwhal between these stock areas during the open-water season is also strongly
supported by available IQ (NWNB 2016a, 2016b; QWB 2022).

As noted in Golder (2021c), the above factors may have independently or cumulatively contributed to the
observed decrease in narwhal numbers in Eclipse Sound. Prior to the start of the 2021 shipping season, it was
not possible to determine whether one of these factors alone was the source of the narwhal decline in Eclipse
Sound, whether the combined influence of one or more of these factors was responsible, or whether the observed
change was natural in occurrence.
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If it was determined that the change in narwhal in the RSA was a result of Project activities, this would be
consistent with a high severity response (Southhall et al. 2021) as discussed in Golder 2022a (Section 3.0) and
would be considered a significant alteration of natural behavioural patterns of narwhal in the RSA and/or
disruption to their daily routine. This finding would be contrary to impact predictions made in the FEIS for the ERP,
in that vessel noise effects on narwhal are anticipated to be limited to temporary, localized avoidance behaviour.

Baffinland’'s commitment to the community of Pond Inlet to not undertake icebreaking during the early shoulder
season of 2021 provided an opportunity to determine whether Project activities were the cause of the observed
changes in narwhal abundance in Eclipse Sound in 2020 (Baffinland 2021; Golder 2021c). The precautionary and
temporary adaptive management measure applied in 2021 eliminated the possibility of acoustic disturbance to
narwhal from icebreaking during the timing of narwhal migration into Eclipse Sound in 2021, and also served to
avoid the potential for cumulative noise effects associated with the Pond Inlet SCH Project. As a result of this,
underwater noise from icebreaking operations was not considered to be an influencing factor on narwhal
abundance in Eclipse Sound during the 2021 season. It also provides additional confidence that observed
changes in 2020 were likely not a result of Project activities (i.e., early shoulder season icebreaking).

With respect to underwater noise generated by the SCH construction in Pond Inlet, DFO confirmed that impact
pile driving undertaken in 2021 was limited to seven days between 24 June and 01 July (DFO 2021), prior to
breakup of the landfast ice and what DFO stated to be the possible arrival of narwhal into Eclipse Sound. DFO
therefore concluded that underwater noise from pile driving could not be considered an influencing factor on
narwhal abundance in Eclipse Sound or nearby waters during the 2021 season (DFO 2021). No further analysis
on this can be completed given the lack of publically available data. Any additional analysis would remain the sole
responsibility of the Proponent for that SCH construction Project and associated regulatory authorities (i.e., DFO).

Other Considerations:

For the past three consecutive years (2019-2021), combined surveys of both Admiralty Inlet and Eclipse Sound
summering stock areas have been undertaken. The primary impetus for running the combined stock surveys (as
opposed to the Eclipse Sound summer stock only) was based on available 1Q, which indicates that the geographic
and genetic distinction between these two summering stocks may be invalid (NWMB 2016a; 2016b; QWB 2022).
DFO has also been investigating the extent to which there is a natural exchange of narwhal between these stock
areas during the open-water season (Doniol-Valcroze et al. 2015a, 2020; DFO 2020). Natural exchange between
the two summering areas was proposed as a possible reason why the 2013 survey results for Admiralty Inlet
(~35,000 narwhal) and Eclipse Sound (~10,000 narwhal) differed substantially from previous survey results for the
same stocks (18,000 for Admiralty Inlet in 2010 and 20,000 for Eclipse Sound in 2004) (Doniol-Valcroze et al.
2015a). All of these surveys (i.e., 2004, 2010 and 2013) occurred prior to the start of Baffinland iron ore shipping
operations.

The following is a summary of publicly available IQ regarding the degree of exchange between narwhal occurring
in the Eclipse Sound, Admiralty Inlet and East Baffin Island summer stock areas and Inuit insight on what drives
the summer distribution and abundance of narwhal in these areas of North Baffin Island:

E  Narwhal move freely throughout the NEBI area. Their distributions and abundances change across NEBI
waters between years, showing that individual narwhal do not always return to the same specific areas
within NEBI waters every year (QWB 2022).

$ GOLDER 50



26 October 2022 1663724-353-R-Rev0-49000

® In spring, narwhal arrive at various areas in waters of NEBI at varying times each year, depending on the
development of open water within variable patterns at the floe edges, leads in the ice in various areas,
and ice break-up into summer. These patterns and their timing vary from year to year, and can affect the
abundance and distributions of narwhal across NEBI waters into August and September (QWB 2022).

®  Throughout the open-water period, narwhal move as needed for their biological needs like birthing and
mating, as well as in response to environmental factors like changing food concentrations, killer whales,
and ships. Narwhal also probably move in response to factors largely unknown to humans (QWB 2022).

B I'm sure that you're going to keep saying that Pond Inlet and Arctic Bay narwhal are different stock,
different population, but as our Elders have observed and we keep saying at HTO, that is not the case;
they're one population. But you don't want to admit that, and we cannot change your mind, because it's
been conceived that way. That's that one.’ E. Ootoova; 2016 NIRB Public Hearing - 28 November
2016 (NWMB 2016a)

® |I'm not a hunter anymore. I'm just an Inuk. Long before Qallunaat arrived, Inuit survived solely on wildlife
by daily hunting and harvesting, and as observers of these wildlife and these whales, we know that
there's peaks and lows of the number of whales, both migratory and summer stocks. And if in a
particular year they happen to migrate somewhere else, the department or scientists would say that they
decreased, but Inuit would know that they're migrating through somewhere else or for food. And Inuit
know that. We Inuit have that knowledge. Inuit are very in tune with the wildlife around them. And I think
that it's better if you connect with Inuit at that level. You would understand what we're talking about
because it was our daily life, and when we feel that there hasn't really been any change, and when
there's a proposal to decrease the number of the TAH, it doesn't really make sense to us. That's what |
wanted to say.’ Mr. Kilukshak; 2016 NIRB Public Hearing — 28 November 2016 (NWMB 2016a)

B ‘According to the Inuit knowledge, | don't think that is included in this estimate. And they say that there's
only one stock, one stock of narwhal from Eclipse Sound and Admiralty Inlet narwhal, one stock. But
DFO is considering they're two different stocks, and what was mentioned that the -- are you going to be
looking at this when you have that workshop? | know that the communities don't agree with that because
you have separated the two stocks. Are you going to be looking at that during the workshop, whether it's
one stock or two?’ Mr. Irrgaut; 2016 NIRB Public Hearing — 28 November 2016 (NWMB 2016a)

B ‘Go back to the table and really look at the narwhal population. They're not separate. They're not a
separate stock like Eclipse Sound or Admiralty Inlet. If there was no more polar bear or narwhal, we
wouldn't be having this discussion or debate; but fortunately, there are, so that's why we're talking about
summer and migratory stocks. So | give it back to you to recommend to you to put it into one stock
because they're not separate.” Mr. Tango; 2016 NIRB Public Hearing - 28 November 2016 (NWMB
2016a)

m  ‘Just to supplement that. When there's early ice breakup, the Lancaster Sound to Kitikmeot area, when
we didn't have narwhal in our area we heard from Kitikmeot that they have lots of narwhal now. And it's
not only the shipping traffic that is contributing to the movement of narwhal. It's early ice breakup that it's
obvious they're going further into the western area. Especially this summer, we observed it. It depends
year to year, as we keep saying, ever since | can remember as a child, every year is different. And |
know that what we're presenting might be of some use.”  E. Ootoova; 2016 NIRB Public Hearing -

28 November 2016 (NWMB 2016a)
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B ‘Yes, yes. Thank you, Mr. Chairman. As we have been saying, there are a lot of killer whales around
when they did the survey. During the month of August, killer whales were around, so the narwhal had to
move elsewhere to get away from the killer whales. And perhaps, if there were less killer whales you
would have seen more narwhal. Yes, that is the reason why the narwhal were not around because the
killer whales were around too much.”  Mr. Killiktee; 2016 NIRB Public Hearing - 28 November
2016 (NWMB 2016a)

B ‘Justto add. Yeah, | agree with my fellow board member. | just want to add: August 2013 when they did
a survey, there were no other records that they did back in -- there was nothing from 2012, 2014. And we
keep saying that they do come back, and they move away. And they do the survey for only a few days in
a month, and then they give us a result saying that our narwhal are decreasing so we have to change
the total allowable harvest. That's what they told us.” E. Ootoova; 2016 NIRB Public Hearing -

28 November 2016 (NWMB 2016a)

B ‘But | want to reiterate that the narwhal, they don't go back and forth. And I know it will be different in
years, because sometimes there are more in Eclipse Sound, and some years there are more in
Admiralty Inlet. | know that there's going to be a narwhal in Eclipse Sound all the time, and | know that
because there's just one stock that go back and forth between Admiralty Inlet and Eclipse Sound, and
when they were -- we're not trying to distinguish the two different ones, and | know they are the same
population. When they come through Eclipse Sound, some stay around, and some go over to Admiralty
Inlet, and then they come back to Eclipse Sound after Admiralty Inlet. But nowadays there are more
migratory narwhal perhaps because the sea ice is decreasing. So they are migrating west, more west.
And if there were no more narwhal in Pond Inlet -- and | know that our narwhal would also decrease, but
now we're not concerned about that right now because they keep going back and forth, depends what
kind of a year it is. There was lots of narwhal in Admiralty Inlet, so they're increasing, and maybe they
had moved over to Admiralty Inlet from Eclipse Sound.’ Mr. Nagitarvik; 2016 Public NIRB Hearing —
29 November 2016 (NWMB 2016b)

B ‘Yes, we believe that it is one stock going to Admiralty Inlet and Eclipse Sound.” Mr. Attitaq;
2016 Public NIRB Hearing — 29 November 2016 (NWMB 2016b)

®  ‘When Arctic Bay and Pond Inlet have stated that it's one stock, they usually migrate through Pond Inlet
waters, and then they dive and go to Arctic Bay, Admiralty Inlet, and there's no more whales in Pond
because they're in Arctic Bay area; and then when they migrate back -- when there's none left in Arctic
Bay, there's lots of whales in Pond Inlet. That's how they're always continuously moving forward, moving
forward.’ Mr.Qaunaq; 2016 Public NIRB Hearing — 29 November 2016 (NWMB 2016b)

In summary, despite the adaptive management measure of eliminating underwater noise from icebreaking in
2021, results from the 2021 monitoring programs again indicated lower narwhal numbers in Eclipse Sound during
the 2021 shipping season. Underwater noise from open-water shipping was also not considered to be a likely
cause of narwhal displacement from the RSA based on the available monitoring results collected to date (Austin
et al. 2022; Baffinland 2021; Golder 2020d, 2021b).
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Given that the combined stock estimate for Admiralty Inlet and Eclipse Sound indicates that the regional narwhal
population remains stable relative to pre-shipping conditions, and in consideration of the available 1Q regarding
the degree of exchange between narwhal groups on their summering grounds, the observed decrease in narwhal
relative abundance in Eclipse Sound likely reflects natural exchange between the two putative stock areas, or
alternatively, that animals shifted to Admiralty Inlet due to more favorable ecological conditions related to sea ice
conditions, prey availability and/or predation pressure.

For example, it is well documented that sea ice in the Arctic is presently undergoing rapid reduction due to climate
warming (Stroeve et al. 2012; IPCC 2013; Overland and Wang 2013) and that ocean warming has resulted in
species distribution shifts for both marine mammals in the Arctic (Laidre et al. 2008, 2015; Frederiksen and Haug
2015; Ngttestad et al. 2015; Vikingsson et al. 2015; Albouy et al. 2020; Chambault et al. 2020, 2022; NAAMCO
2021) and their prey (Frainer et al. 2017; Mgller and Nielsen 2020). How this might be manifesting on a micro-
geographic scale in the North Baffin region is presently unclear.

Two major oceanographic changes have recently been observed in coastal areas of Southeast Greenland - a lack
of pack ice in summer and increasing sea temperature (NAAMCO 2021). This has had cascading effects on the
marine ecosystem, as observed through shifts in fish species assemblages in the region (i.e., change in fish
community structure) and previously undocumented occurrences of temperate water cetaceans in Southeast
Greenland in high abundances (e.g., humpback whales, fin whales, killer whales, pilot whales and white beaked
dolphins). Traditional narwhal habitat in this area has become restricted by the warming oceans and the ability of
narwhal to adapt to warming water temperatures is also limited due to their general physiology. Shifts in narwhal
distribution in Greenland have also been documented in recent years, with multiple sightings of narwhal in
locations well north of their traditional range (e.g., Dove Bay, Greenland Sea, Northeast water and Petermann
glacier front) (NAAMCO 2021). Current evidence suggests that a combination of hunting and climate change is
negatively impacting the long-term viability of populations in Southeast Greenland (NAAMCO 2021).

A recent study by Chambault et al. (2022) predicted the future distribution of Eastern Baffin Bay narwhal under
two different climate change scenarios using narwhal satellite tracking data collected over two decades. The long-
term predictive models suggest that the current distribution of Baffin Bay narwhal during summer will undergo a
+200 km northward shift by the end of the century in order to cope with climate change, and that summer narwhal
habitats in this region are predicted to decline by between 31 and 66% over this period (depending on the climate
model). These changes may already be underway in the Eastern Canadian Arctic and may affect Eclipse Sound
and Admiralty Inlet differently. For the above reasons, the potential for climate-driven shifts in species distributions
cannot be ignored as a potential explanation of recently observed changes in summer narwhal distribution in
Eclipse Sound. To better understand what is occurring, additional engagement and monitoring with Inuit
stakeholders and regulatory agencies are needed, inclusive of collaborative regional scale monitoring that looks at
the population dynamics of the entire Baffin Bay narwhal stock

3.6.2 Program Integration

To better understand potential short-term, long-term, and cumulative effects of vessel noise on narwhal and other
marine mammals in the RSA, Baffinland has implemented follow-up monitoring programs since 2013 aimed at
evaluating the potential effects of Project vessel noise on marine mammals. Several indicators and tiered
thresholds have been proposed to evaluate and respond to potential Project effects on narwhal and are identified
in the Marine Mammal Trigger Action Response Plan (TARP), which is part of Baffinland’s draft Adaptive
Management Plan (AMP) in support of Baffinland’s Phase 2 Proposal for the Project (see Section 1.4 of Golder
2022a) (Baffinland 2019). While the TARP has not been formally agreed to or accepted by Parties, its contents do
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represent the most advanced thinking on the subject of tiered adaptive management with respect to marine
mammals. The TARP uses a broad range of effect indicators that are measured against a series of tiered
thresholds (i.e., low, moderate and high-risk thresholds), which are designed to guide short-term and long-term
adaptive management strategies. In addition to considerations for the aerial survey program, thresholds have
been developed and can be applied to monitoring programs including the Bruce Head Shore-based Monitoring
Program, the narwhal tagging program, and the Passive Acoustic Monitoring (PAM) program.

3.6.2.1 Bruce Head Shore-based Monitoring Program

Shore-based monitoring of narwhal along the Northern Shipping Route has been undertaken over an eight-year
period at Baffinland’s Bruce Head field station (2013-2017; 2019-2021) (Thomas et al. 2014; Smith et al. 2015,
2016, 2017; Golder 2018c; Golder 2020b, 2021b, 2022a). The objective of the Bruce Head Shore-based
Monitoring Program is to investigate narwhal response to shipping activities in Milne Inlet. The Bruce Head Shore-
based Monitoring Program data were analysed to assess whether there were significant alterations in narwhal
group behaviour in relation to vessel proximity, including group size, group spread, group formation, group
direction, travel speed, and distance from shore (Golder 2022a). Results of the 2021 Bruce Head behavioural
study demonstrated that narwhal responses to shipping ranged from no significant alteration in behaviour (for
travel speed and group formation), to low (for group direction and direction from shore) or moderate severity level
responses (for group size and group spread) which would not be considered a significant behavioural response
and would not be expected to result in a significant alteration of natural behavioural patterns by narwhal in the
RSA or disruption to their daily routine (Golder 2022a). Narwhal behavioural responses to open-water shipping
were consistent with impact predictions (limited to temporary, localized disturbance) and no additional adaptive
management measures were recommended at this stage to mitigate for open-water shipping impacts on narwhal
in the RSA (Golder 2022a).

The Bruce Head Program involves the use of several indicators that are aimed at the rapid identification of
adverse impacts on narwhal along the Northern Shipping Route, consistent with requirements outlined in Project
Certificate (PC) Condition No. 110 and 112. One of these indicators has been formally identified as the early
warning indicator (EWI) for Project effects on narwhal, based on consolidated input from members of the Marine
Environmental Working Group (MEWG) since 2019. This EWI is defined as a ‘decrease in the proportion of
immature narwhal (defined as calves and yearlings) relative to the observed population’ (Golder 2020e). This
EWI, was originally proposed by DFO and was also confirmed as being of high importance by the MHTO (Golder
2020b). In 2021, results from the multi-year Bruce Head dataset indicated that the proportion of immature narwhal
in the observed population in 2021 was 0.102. This was lower than all previous sampling years, representing a
24% decrease from the 2014-2015 baseline condition. However, the observed change was not statistically
significant from the baseline condition (p=0.13; Golder 2022¢). The analytical model had sufficient statistical
power (=0.8) to detect effect sizes of -55% or +55% in the comparison of 2021 data relative to baseline (Golder
2022a). The effect size observed in 2021 (24%) may have been attributable to the low sample size observed in
2021 (i.e., few narwhal were present in the study area in 2021 compared to previous survey years). Although the
2021 EWI value did not exceed the defined threshold for this indicator, the results did suggest a decreasing trend
in the annual proportion of immatures relative to the observed population that warranted further investigation. As a
result, Golder recommended that Baffinland undertake an equivalent EWI analysis using available photographic
aerial survey data (1000 ft. altitude surveys) to investigate whether the observed change at Bruce Head in 2021
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was likely a reflection of the low sample size observed in that year, or was evidence of a decreasing proportion of
immature narwhal within the regional population (i.e., Eclipse Sound summer stock).

This additional EWI analysis was completed in September 2022 with detailed results presented in Appendix E. A
summary is provided below:

m For the Admiralty Inlet summer stock area (where no Project shipping occurs), EWI aerial survey results
demonstrated that the proportion of immature narwhal decreased from 0.158 in 2020 to 0.142 in 2021.

m For the Eclipse Sound summer stock area (where Project shipping occurs), EWI aerial survey results
demonstrated that the proportion of immature narwhal increased from 0.117 in 2020 to 0.128 in 2021.

B For comparative purposes, the proportion of immature narwhal in the Eclipse Sound stock was 0.15 in 2014
(pre-Project shipping) and 0.11 in 2015 (first year of iron ore shipping) (Moulton et al. 2019). The 2020 and
2021 EWI values therefore fall within range of the EWI estimates for 2014 and 2015.When looking at the
Milne Inlet strata independently, the aerial survey EWI results were in agreement with the Bruce Head EWI
results in that they demonstrated a decrease in the proportion of immature narwhal in Milne Inlet from 0.134 in
2020 to 0.075 in 2021. A reverse pattern was observed in Tremblay Sound, where the proportion of narwhal
increased from 0.092 in 2020 to 0.156 in 2021. The variability observed between strata does not appear to be
shipping-related as shipping levels in the RSA were similar in 2020 (72 ore carriers) compared to 2021 (73
ore cairriers).

B There does appear to be variability between years, but there is no indication that the proportion of immature
narwhal in the RSA in 2021 has declined compared to 2020 or 2014—-2015 levels.

B The 2020 and 2021 EWI aerial survey data were associated with high variability and low sample sizes,
resulting in high uncertainty of the EWI estimates, and hence low power to detect small- and medium-sized
effect sizes.

3.6.2.2 Narwhal Tagging Program

The behavioral response of narwhal to vessels transiting the Northern Shipping Route, was also studied using
data obtained from narwhal tagging programs in 2017 and 2018 in Tremblay Sound (Golder 2020d). A total of

24 narwhal were live-captured in Tremblay Sound during the summer of 2017 and 2018 (20 narwhal in 2017 and
four narwhal in 2018) and instrumented with a combination of biologging tags. Biologging tags monitored the fine-
scale lateral movements of narwhal, their dive behavior, and habitat use throughout their summering grounds in
the coastal fjord system of northern Baffin Island. Behavioral response of narwhal to Project ore carriers and other
non-Project related vessel traffic present within the RSA was investigated by comparing animal-borne tag data
with Automated Identification System (AIS) vessel-tracking data collected during the 2017 and 2018 shipping
seasons. The results from the 2017 and 2018 narwhal tagging study demonstrated that vessel-generated noise
effects on narwhal will be limited to temporary, short-term avoidance behavior, consistent with low to moderate
severity responses identified in Section 2.6.3 of the Integrated Narwhal Tagging Study (Golder 2020d). No
evidence was observed of large-scale avoidance behavior, displacement effects, or abandonment of the
summering grounds (i.e., high severity responses), which might in turn result in a population or stock-level
consequence (consistent with the definition of a non-significant effect used in the FEIS for the ERP).
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3.6.2.3 Underwater Acoustic Monitoring Program

Results presented in JASCO’s 2021 Acoustic Monitoring Report (Austin et al. 2022) demonstrate that narwhal
would be exposed to sound levels exceeding the established acoustic disturbance for toothed whales (broadband
sound pressure level {SPL} of 120 dB re 1 uPa) for less than one hour per day. The report further states that
these results are consistent with impact predictions in that acoustic effects would be localized and temporary, and
there would be substantial periods in each day when marine mammals are not disturbed by Project vessels.

Another acoustic study (Sweeney et al. 2022) in the North Baffin region was recently undertaken, in which
weighted SPL (a metric that accounts for a narwhal’s hearing abilities at different acoustic frequencies) were used
to assess shipping noise impacts on narwhal in Milne Inlet. Results of this study demonstrated that shipping noise
impacts on narwhal and other toothed whales would be negligible at distances beyond several kilometers from the
shipping lane, as shipping noise beyond these distances would be largely inaudible to narwhal. The exposure
duration associated with a disturbance zone of this size would be equivalent to approximately 20 min per ship
transit (equivalent to daily cumulative disturbance period of ~40 min based on an average of two ship transits per
day in the RSA). These results are consistent with impact predictions in that acoustic effects would be localized
and temporary, and there would be substantial periods in each day when marine mammals are not disturbed by
Project vessels.

These acoustic results, combined with results from Baffinland’s behavioural response studies referenced above,
collectively suggest that open-water shipping is not the likely cause of narwhal displacement from the RSA based
on the available monitoring results collected to date.

Further to the above, underwater sounds from active Project-related icebreaking were successfully obtained in
Eclipse Sound during the 2019-2020 Passive Acoustic Monitoring (PAM) program (Austin and Dofher 2021). To
facilitate collection of this information, the captain of the icebreaker was requested to travel a pre-determined
route directly over the underwater recording stations, which would allow for the collection of icebreaking related
underwater sound in close proximity to underwater noise recorders. Results from this program indicated that
underwater sounds from active Project-related icebreaking were lower than modelling estimates calculated as part
of the Environmental Assessment of Icebreaking Operations for Baffinland’s Phase 2 Development Proposal
(Golder 2019b), demonstrating that the acoustic modelling undertaken in the effects assessment was
conservative, and there would be substantial periods in each day when marine mammals are not disturbed by
icebreaking noise.

Elimination of icebreaking during the 2021 early shoulder season eliminated the possibility of acoustic disturbance
to narwhal from icebreaking during the timing of narwhal migration into Eclipse Sound in 2021. However, despite
this mitigation measure, narwhal numbers in the RSA did not increase in 2021. Narwhal disturbance from
icebreaking was therefore not considered to be an influencing factor on the observed decline in narwhal
abundance in Eclipse Sound during the 2021 season. It also provided additional confidence that the observed
decline in 2020 was likely not a result of early shoulder season icebreaking in 2020.

Integrated Program Overview

Collectively, the results from these programs, further inform and substantiate the analysis of the 2021 aerial
survey results that indicated that the combined regional narwhal population (Eclipse Sound and Admiralty Inlet
stocks) remained stable relative to pre-shipping conditions and, in consideration of the available IQ regarding the
degree of exchange between narwhal groups on their summering grounds, the observed decrease in narwhal
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relative abundance in Eclipse Sound likely reflects natural exchange between the two putative stock areas, or
alternatively, that animals shifted to Admiralty Inlet due to more favorable ecological conditions related to sea ice
conditions, prey availability and/or predation pressure.

For example, it is well documented that sea ice in the Arctic is presently undergoing rapid reduction due to climate
warming (Stroeve et al. 2012; IPCC 2013; Overland and Wang 2013) and that ocean warming has resulted in
species distribution shifts for both marine mammals in the Arctic (Laidre et al. 2008, 2015; Frederiksen and Haug
2015; Ngttestad et al. 2015; Vikingsson et al. 2015; Albouy et al. 2020; Chambault et al. 2020, 2022; NAAMCO
2021) and their prey (Frainer et al. 2017; Mgller and Nielsen 2020). Shifts in narwhal distribution in Greenland
have also been documented in recent years, with multiple sightings of narwhal in locations well north of their
traditional range (e.g., Dove Bay, Greenland Sea, Northeast water and Petermann glacier front) (NAAMCO 2021).
Current evidence suggests that a combination of hunting and climate change is negatively impacting the long-
term viability of populations in Southeast Greenland (NAAMCO 2021).

How this might be manifesting on a micro-geographic scale in the North Baffin region is presently unclear. A
recent study by Chambault et al. (2022) predicted the future distribution of Eastern Baffin Bay narwhal under two
different climate change scenarios using narwhal satellite tracking data collected over two decades. The long-term
predictive models suggest that the current distribution of Baffin Bay narwhal during summer will undergo a +200
km northward shift in order to cope with climate change, and that summer narwhal habitats in this region are
predicted to decline by between 31 and 66% (depending on the climate model). These changes may already be
underway in the Eastern Canadian Arctic and may affect Eclipse Sound and Admiralty Inlet differently. For the
above reasons, the potential for climate-driven shifts in species distributions cannot be ignored as a potential
explanation of recently observed changes in summer narwhal distribution in Eclipse Sound). To better understand
what is occurring, additional engagement and monitoring with Inuit stakeholders and regulatory agencies are
needed, inclusive of collaborative regional scale monitoring that looks at the population dynamics of the entire
Baffin Bay narwhal stock

3.6.3 Other Marine Mammals
3.6.3.1 Bowhead Whale

Bowhead whale observations declined substantially prior to the start of the open-water season (Leg 2),
suggesting that most bowhead seen during Leg 1 had migrated out of the area prior to 8 August (start of Leg 2).
Two bowhead whales were observed in the RSA during the open-water surveys on 20 August, one in Pond Inlet
stratum on the south shore of Bylot Island and one in the Eclipse Sound East stratum north of Emerson

Island (see Appendix B, Figure B-17). The Bruce Head team reported a single bowhead whale was observed
travelling through the study area on 12 August 2021 (Golder 2022a). During previous aerial surveys flown in
August in the RSA, one bowhead whale was observed in 2020 (Golder 2021a), four bowhead whales were
observed in 2019 (Golder 2020a), six were observed in 2014 (Thomas et al. 2015) and none were observed in
2013 or 2015 (Elliott et al. 2015; Thomas et al. 2016). The decline in bowhead sightings during Leg 2 was
consistent with baseline conditions and did not suggest that Project shipping activities resulted in displacement of
bowhead from their summering ground. Bowhead whales appeared to use Eclipse Sound and Navy Board Inlet as
a migration corridor during the early shoulder season, with numbers in the RSA dropping dramatically during the
open water season. Bowhead relative abundance in the Eclipse Sound grid was low in 2021 (0.0006 animals/km),
as in 2020 (0.0003 animals/km) and 2019 (0.0003 animals/km) (see Appendix D). This was consistent with 1Q
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(JPCS 2017) which included observations of bowhead migrating through the RSA in Aujaq (end of July to
September).

In Admiralty Inlet, bowhead whales were observed during both surveys flown in August. Bowhead sightings were
dispersed throughout the Admiralty Inlet grid. Bowhead relative abundance in the Admiralty Inlet grid was higher
in 2021 (0.0510 animals/km) than in 2020 (0.0087 animals/km) and 2019 (0.0313 animals/km) (see Appendix D).
The Canadian High Arctic Cetacean Survey conducted by DFO in August 2013 calculated a bowhead abundance
in Admiralty Inlet of 82 whales (CV=0.97; DFO 2015b). Bowhead whale abundance estimates calculated in

2019 were higher than previous estimates in Admiralty Inlet. The highest estimate for the 2019 MMASP was
obtained from the 25-27 August survey with an estimate of 834 bowhead whales (CV=0.50, 95% CI of 334—
2,080). The lowest estimate for the 2019 MMASP was obtained two days later from the 29—30 August survey with
an estimate of 472 bowhead whales (CV=0.35, 95% CI of 240-926).

3.6.3.2 Killer Whale

In 2021, killer whale were not observed in the Eclipse Sound grid during Leg 2 surveys. However, killer whale
were observed by the Bruce Head shore-based monitoring program, where on 10 August 2021 at approximately
06:30, a small pod of four killer whales was observed travelling south through the study area in relatively close
proximity to shore (Golder 2022a). The killer whales were observed heading directly toward a group of idle
narwhal, at which point several narwhal fled toward Koluktooo Bay, followed shortly after by gulls and fulmars
observed gathering in the area near the killer whales. The pod was again observed on 10 August 2021 at
approximately 14:30 travelling northbound out of the study area. Leading up to the arrival by killer whales to the
area, there were sporadic sightings of narwhal within the study area. No narwhal were observed by the Bruce
Head shore-based monitoring program in the study area following the sighting of killer whales. On this day, the
aerial survey sighted narwhal deep into Koluktoo Bay and Assomption Harbour.

In Admiralty Inlet, killer whale were observed for the first time in 2021 during aerial surveys for the Baffinland
project. Killer whale were observed on two days during Leg 2 visual surveys (Table 11). The first sighting of
approximately seven killer whales was observed on 16 August (Survey 3) in the Admiralty Inlet South stratum in
close proximity to the concentration of narwhal clumped close to shore on the western side of the Admiralty Inlet
(Appendix B; Figure B-15). On the 19 August (Survey 4), three sightings of killer whales (group sizes of 2, 5 and
12) were observed in close proximity to each other in the Admiralty North stratum and near the concentration of
narwhal clumped close to shore on the western side of the Admiralty Inlet (see Appendix B; Figure B-16). Killer
whales were not observed in the Admiralty Inlet grid during the 2019 or 2020 MMASP (Golder 2020a, 2021a).

3.6.3.3 Beluga Whale

In 2021, beluga were not observed in the Eclipse Sound grid during Leg 2. However, the Bruce Head shore-based
monitoring program reported a single beluga was observed in the study area on the afternoon of 8 August

2021 (Golder 2022a). Beluga numbers have been consistently low during the previous surveys in the RSA. One
beluga was observed in the RSA during Leg 2 of the 2019 and 2020 MMASP (Golder 2020a, 2021b). Beluga
were not observed during Baffinland surveys from 2013 to 2015 (Elliott et al. 2015; Thomas et al. 2015, 2016),
suggesting their numbers have always been low in the RSA. In 2007 and 2008, beluga were observed in the RSA
in small numbers (three animals in 2007 and 59 animals in 2008; Baffinland 2012).
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In Admiralty Inlet, beluga were observed for the first time in 2021 during an aerial survey for the Baffinland project.
There were two sightings of a single beluga observed on 11 August (Survey 2) in the Admiralty North stratum
during the Leg 2 visual surveys (see Table 11; Appendix B, Figure B-13). One sighting was at the mouth of Moffet
Inlet and the other was on the western shore in Admiralty Inlet North. Beluga were not observed in the Admiralty
Inlet grid during the 2019 or 2020 MMASP (Golder 2020a; Golder 2021a).

3.6.3.4 Pinnipeds

Pinniped data collected in 2019, 2020 and 2021 should be interpreted with caution due to the relative difficulty in
observing seals at survey altitudes of 305 m (1,000 ft) ASL. Apparent differences in sightings may result from
changes in survey conditions and ability of MMOs to identify species rather than actual changes in pinniped
numbers or distribution.

Ringed Seal: Ringed seals were sporadically distributed throughout the survey area during Leg 2 of the

2021 MMASP, similar to what was observed in previous years (Elliott et al. 2015; Thomas et al. 2015, 2016;
Golder 2020a). Ringed seal had the highest sighting count of all pinniped species sighted in the 2021 MMASP,
accounting for 76% of all known pinniped sightings (384 out of a total of 504). Ringed seal sightings were primarily
observed as single animals. The largest group size observed in 2021 was ten animals. During Leg 2, ringed seal
relative abundance in the Eclipse Sound grid was also similar in 2021 (0.0702 animals/km) to that observed in the
previous year 2020 (0.0736 animals/km) (see Appendix D). A similar pattern was observed in the Admiralty Inlet
grid where ringed seal relative abundance was similar in 2021 (0.0920 animals/km) to that observed in

2020 (0.0830 animals/km) (see Appendix D). Ringed seal observations provide relative abundance and
distribution information. However, this information cannot be used to reliably assess the effects of Project shipping
or obtain accurate abundance estimates. Refer to Golder (2022b) for a summary of the 2021 ringed seal aerial
survey program which indicates that ringed seal densities have remained stable with some annual variations since
the onset of shipping or ice-breaking activities in the RSA.

Harp Seal: Harp seal were observed on all Leg 2 visual surveys. In the Eclipse Sound grid, harp seals were
observed primarily at the top of Navy Board Inlet and in the Pond Inlet stratum, similar to what had been observed
in previous years (Elliott et al. 2015; Thomas et al. 2015, 2016; Golder 2020a, 2021a). In the Admiralty Inlet grid,
harp seals were observed throughout the survey area, although higher numbers were always observed at the
mouth of Moffet Inlet in 2021. Harp seal had the highest animal count of all pinniped species sighted in the

2021 MMASP, accounting for 85% of all known pinniped animals (2,658 out of a total of 3,127). Harp seal
sightings were primarily observed as groups of animals. The largest group size observed in 2021 was

400 animals. During Leg 2, harp seal relative abundance in the Eclipse Sound grid was slightly lower in

2021 (0.0331 animals/km) than that observed the previous years in 2020 (0.0448 animals/km) and

2019 (0.0527 animals/km) (see Appendix D). In the Admiralty Inlet grid, harp seal relative abundance was higher
in 2021 (0.9441 animals/km) than that observed the previous years in 2020 (0.3685 animals/km) and

2019 (0.1495 animals/km) (see Appendix D). Harp seal observations provide relative abundance and distribution
information. However, this information cannot be used to reliably assess the effects of Project shipping or obtain
accurate abundance estimates.

Bearded Seal: Similar to previous years, only a few bearded seals were observed during the 2021 MMASP.
Three sightings were recorded during Leg 2 surveys. One sighting of an individual bearded seal was recorded in
the Eclipse Sound grid during Survey 4. There were two sightings of an individual bearded seal observed in
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Admiralty Inlet grid in Strathcona Sound and Moffet Inlet during Survey 3. Limited I1Q has been collected regarding
the overall abundance of bearded seal. Some Elders in the Baffin region have observed a decrease in bearded
seal abundance since the advent of firearms and motorized transportation (Baffinland 2010). In contrast, one
Elder noted that bearded seal were rare near Pond Inlet in the past but are now more frequently observed.

3.6.35 Polar Bear

Polar bear sightings have been regularly recorded during the Baffinland aerial survey programs. The distribution
of polar bears in 2021 was similar to what was observed during previous aerial surveys. In the Eclipse Sound grid
polar bears were more likely to be recorded in the Navy Board Inlet and Pond Inlet strata. Ten of the sightings in
Eclipse Sound were of single animals and the other four sightings were of a mother with two cubs. In the
Admiralty Inlet grid, polar bears were recorded throughout the study area, although in 2021 most sightings were
recorded on the western shore of Admiralty Inlet. Eleven of the sightings in Admiralty Inlet were of single animals,
ten sightings were of a mother with one or two cubs, and two sightings were of a group of three bears of unknown
age classes.
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4.0 LEG 3: CLEARANCE SURVEY
4.1  Objectives

Leg 3 targeted a three-day period at the end of the shipping season in late October. The objective of the Leg
3 surveys was to conduct a visual clearance survey to document whether narwhal entrapment events occurred in
the RSA following completion of Baffinland’s 2021 shipping operations along the Northern Shipping Route.

4.2  Study Area

Aerial surveys (i.e., narwhal clearance surveys) were flown in the RSA at the end of the shipping season from 29—
31 October 2021 (see Figure 2, Section 2.3). Surveys were flown along the shipping corridor and adjacent areas
throughout the RSA, including adjoining fjords.

4.3 Materials and Methods

Surveys departed from Pond Inlet and were flown in a de Havilland Twin Otter (DH-6). Leg 3 survey flights
consisted of reconnaissance and dedicated, i.e., along the ship route, flights through Eclipse Sound, Milne Inlet,
Navy Board Inlet, Tremblay Sound, and adjacent fjords. A single transect was flown down the center of each of
the fjords.

Surveys were conducted at an altitude of 457 m (1,500 ft) and a ground speed of 204 km/h (110 kn) so the MMOs
could observe further out from the aircraft. When necessary, i.e., to investigate potential sightings or other
observations, the aircraft dropped to an altitude of 305 m (1,000 ft) and a ground speed of 185 km/h (100 kn).
Four experienced Inuit MMOs and one member of the Mittimatalik Hunters and Trappers Organization (MHTO),
all from Pond Inlet, conducted observations during leg 3. Two Inuit MMOs were stationed at the front windows,
two at the rear windows and one in a center seat on the left side of the plane. A sixth member of the survey team
was seated in the centre seat on the right side of the plane and was responsible for entering sighting data,
obtained from the observers, into the database and taking photos of observation conditions and sightings. When
possible, a Canon 5DS R DSLR camera with a Zeiss 35 mm f1.4 Milvus ZE lens was used to photograph any
sightings observed during surveys.

MMOs broadly scanned the survey area to identify sightings and provide information on weather and ice
conditions. During a sighting the MMOs provided details on the species and number of animals in the group. A
‘group’ was defined as animals within one or a few body lengths of each other and oriented or moving in a similar
direction. When possible, observers were instructed to give additional details on the sightings, such as the
presence of calves, tusked narwhal, behaviour, and direction of travel.
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4.4  Leg 3 Survey Results

The first clearance survey was flown on 29 October, corresponding with loading of the last ore carrier at Milne
Port. At the time of the aerial survey, the icebreaker and two tugs were also observed in Milne Port. Total aerial
survey effort on 29 October consisted of 4 h and 25 min, covering 900.5 km (Figure 32; see Appendix B, B-20).
Most of the survey was flown at a survey speed of 204 km/h (110 knots) and at an approximate altitude of 457 m
(1,500 feet) except when the aircraft had to reduce altitude due to low ceilings at the north end of Navy Board
Inlet. The aircraft flew west across Eclipse Sound to enter the south end of Navy Board inlet then turned north to
fly along the east shore of Navy Board until ceilings were too low to continue, at the north end of Navy Board Inlet.
The aircraft returned south tracking along the west shore of Navy Board Inlet, continued along the west shore of
Eclipse Sound West, and into Tremblay Sound. After flying through Tremblay Sound tracking closer to the north
shore, the aircraft flew out of Tremblay Sound tracking along the south shore. The aircraft continued south
following the west coast of Milne Inlet, past Bruce Head, following the shore south through Koluktoo Bay and
down to Milne Port. From Milne Port, the aircraft continued tracking along the east shore of Milne Inlet to Ragged
Island where it turned along the north shore of Ragged Island. The aircraft then continued flying south along the
east side of Ragged Island and east shore of Milne Inlet and into Eskimo Inlet. After flying through Eskimo Inlet,
the aircraft crossed overland to survey through White Bay and return to Pond Inlet flying through the middle of
Eclipse Sound (Figure 32; see Appendix B, B-20).

There was one narwhal sighting of two individuals, near the northwestern shore of Navy Board Inlet, recorded
during the 29 October survey. No other narwhal or marine mammals were observed during the rest of the survey.
Almost no ice was observed during the survey; there was some ‘slush’ (grease) ice near the west shore of Navy
Board Inlet and a very small amount of ice (grease ice and nilas ice) at the far end (inside) of Eskimo Bay
(Figure 32; see Appendix B, B-20).

The second clearance survey was flown on 30 October. Total aerial survey effort on 30 October consisted of 2 h
and 34 min, covering 661.7 km (Figure 32; see Appendix B, B-21). The aircraft flew the clearance survey at a
speed of 204 km/h (110 knots) and at an approximate altitude of 457 m (1,500 ft), transiting initially east towards
Baffin Bay until sea states and winds were too high to continue (BF 5-6). The aircraft turned around and continued
flying west along the south shore of Eclipse Sound to White Bay where it then flew north crossing Eclipse Sound
to fly eastward off the south shore of Bylot Island. Sea state conditions improved to the west and along the south
shore of Eclipse Sound (BF 2-4), however, conditions deteriorated again as the aircraft flew east off the coast of
Bylot Island. From Bylot Island, the aircraft turned southwest to survey the sounds, including Tay Sound, Paquet
Sound and Oliver Sound. After attempting to survey Tay Sound, the aircraft aborted surveying the sounds due to
high winds (BF 6+) and departed Tay Sound flying over land to North Milne Inlet and continuing north in Milne
Inlet towards Dufour Point, Bylot Island. From Dufour Point, the aircraft flew southwest where conditions appeared
to improve in western Eclipse Sound, however sea states deteriorated as the aircraft approached north Milne Inlet
(BF 4-5). The aircraft returned to Pond Inlet by flying through Eclipse Sound with sea state conditions picking up
again (maximum BF 5) as the aircraft neared Pond Inlet where the survey was ended.

No narwhal, other marine mammals, or vessels were observed during the survey. Historical entrapment areas in
the RSA, including south of Bylot Island and north of Ragged Island, were flown during the survey. With exception
to some ‘slush’ (grease) ice in western Eclipse Sound, no ice was observed during the survey on 30 October. This
ice was possibly the same slush ice observed along the west shore of Navy Board Inlet on 29 October and blown
south out of Navy Board Inlet as a result of northerly winds. Winds were too high to finish flying the fjords and sea
states too rough to observe ice that may have been in the fjords.
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The third clearance survey was flown on 31 October when all Project vessels were confirmed to have left the
RSA. The MSV Botnica departed the RSA at 08:15 EST, the Sagar Samrat at 08:38 EST, and the two tugs at
11:44 and 12:59 EST. Total aerial survey effort on 31 October consisted of 4 h and 38 min, covering 1,306 km
(Figure 32; see Appendix B, B-21). The aircraft flew the clearance survey at a speed of 204 km/h (110 knots) and
at an approximate altitude of 457 m (1,500 ft), transiting initially eastward towards Baffin Bay towards Mount
Herodier along the south shore of Eclipse Sound. This route was recommended by the MHTO representative who
indicated narwhal will travel along the south and north shores of Eclipse Sound as they travel to Baffin Bay for the
winter.

Not long after flying along the south shore, narwhal were observed off shore near Mount Herodier. The aircraft
circled (Figure 32) to assess group sizes and travel direction; there were four sightings of single narwhal and
three sightings of two narwhal each (seven sightings of ten individuals total), were spread out along the shore.
Most of the narwhal were travelling east towards the entrance to Baffin Bay, except for one individual swimming
southwest to the shoreline. After collecting data on the narwhal, the aircraft crossed to the north side of Eclipse
Sound to fly west along the south shore of Bylot Island. There were three more sightings of narwhal along this
shoreline; two single narwhal travelling east toward Baffin Bay and one single narwhal travelling west. The aircraft
continued the survey by flying along the ship track to Milne Inlet and into Assomption Harbour where it turned
north to fly through Koluktoo Bay following the shoreline, north into north Milne Inlet along the west shore, and
then tracking south along the east shore of Milne Inlet towards Milky Bay. A single unidentified seal was observed
swimming north in north Milne Inlet. After flying Milne Inlet, the aircraft flew through Eskimo Inlet to survey Tay,
Paquet and Oliver Sounds and then returned overland to Pond Inlet. No other marine mammals were observed
for the remainder of the survey flight.

Historical entrapment areas in the RSA, including south of Bylot Island and north of Ragged Island, were flown
during the survey. Conditions were mostly good to moderate with sea states ranging BF 1-4 and no clouds except
for Oliver Sound where there was light snow and ceilings >610 m (2,000 ft). The aircraft flew at a target altitude of
457 m (1,500 ft) for the entire survey today except in Oliver Sound where it flew at 610 m (2,000 ft). The survey
area was ice free through much of the survey area except for some areas where ice was starting to form (grease
and nilas ice), including near the shore of south Bylot Island, western Eclipse Sound near the south end of Navy
Board Inlet, inside Koluktoo Bay and at the far ends (inside) of Eskimo Inlet, Tay Sound and Paquet Sound.
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4.5 Discussion

Very little ice was observed in the RSA over the three days of the Leg 3 surveys. The ice that was observed
consisted of ‘slush’ (grease) ice near the west shore of Navy Board Inlet and a very small concentration of grease
ice and nilas ice at the eastern end of Eskimo Bay on 29 October, ‘slush’ (grease) ice in western Eclipse Sound
on 30 October, and a small concentration of grease and nilas ice near the shore of south Bylot Island, western
Eclipse Sound near Navy Board Inlet, inside Koluktoo Bay and at the far end (inside) of Eskimo Inlet, Tay Sound
and Paquet Sound on 31 October. Very few narwhal were observed during the Leg 3 surveys including one
sighting of two narwhal, travelling north through Navy Board Inlet toward Lancaster Sound on 29 October, and ten
sightings of a total of 13 narwhal in Pond Inlet stratum (all but two of these narwhal were observed travelling
toward Baffin Bay). Given the ice conditions during the Leg 3 surveys (almost none), the numbers and location of
confirmed narwhal observations (east of Pond Inlet travelling toward Baffin Bay), and input from the community
members who participated in the clearance aerial surveys, there was no concern regarding the risk of entrapment
of narwhal caused by the Project at the end of the 2021 shipping season.
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5.0 SUMMARY

The 2021 MMASP addressed Project Certificate No. 005 Terms and Conditions 101, 107, 108, 109, 111, and 126.
Table 21 demonstrates how Project Certificate Terms and Conditions were met through the 2021 MMASP.

Table 21: NIRB Project Certificate No. 005 Terms and Conditions relevant to the 2021 MMASP.

Project Condition / Evidence of Conditions Met

Certificate Terms
and Conditions

Efforts to involve Inuit in monitoring studies at all levels:

B Inuit involvement was not possible for Leg 1 of the 2021 season due to the COVID-19 global
pandemic and ongoing operational restrictions.

B Some COVID restrictions were lifting prior to Leg 2 allowing for the involvement Inuit researchers
in the field data collection during Legs 2 and 3.

Monitoring protocols that are responsive to Inuit concerns:

B Aerial surveys allow for evaluation of narwhal large-scale displacement effects, abandonment of
the RSA, moderate to large changes in stock size.

B Although not designed to assess ringed seal abundance in the RSA, the MMASP reports on
values of relative abundance for ringed seals.

101

Schedule for periodic aerial surveys as recommended by the MEWG:

B Aerial surveys were conducted in 2019, 2020 and 2021.

Conduct a monitoring program to confirm the prediction in the FEIS:

109 B Aerial survey can measure effects at the narwhal population and/or stock level including
evaluation of large-scale displacement effects or abandonment of the RSA.

Develop clear thresholds for determining if negative impacts as a result of vessel noise are occurring:

111 B Conducted statistical analyses to compare the values of the current aerial survey to past aerial
surveys.

Design monitoring program to ensure that local users can assist with monitoring and evaluating

potential impacts:

126 B Inuit observers participated in the Leg 2 and 3 portions of the 2021 MMASP. Inuit involvement

was not possible for the Leg 1 portion due to the COVID-19 global pandemic and operational

restrictions.

Results from the 2021 aerial survey indicated that: i) narwhal abundance in Eclipse Sound was statistically lower
in 2021 than observed in previous years when aerial surveys were conducted (i.e., 2013, 2016, 2019 and 2020),
and ii) the combined narwhal abundance in Eclipse Sound and Admiralty Inlet was statistically higher in 2021 to
what was observed in previous years (2013, 2019 and 2020). These results suggest that a portion of the Eclipse
Sound stock occupied the Admiralty Inlet summering ground during the summer of 2021. The results also suggest
there is potentially greater mixing between neighboring summer stocks (i.e., Admiralty Inlet, Somerset Island, and
East Baffin Island) than currently recognized.

Despite the adaptive management measure of eliminating underwater noise from icebreaking in 2021, results
from the 2021 monitoring programs again indicated lower narwhal numbers in Eclipse Sound during the

2021 shipping season. Underwater noise from open-water shipping was also not considered to be a likely cause
of narwhal displacement from the RSA based on the available monitoring results collected to date (Austin et al.
2022; Baffinland 2021; Golder 2020d, 2021b).
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Given that the combined stock estimate for Admiralty Inlet and Eclipse Sound indicates that the regional narwhal
population remains stable relative to pre-shipping conditions, and in consideration of the available 1Q regarding
the degree of exchange between narwhal groups on their summering grounds, the observed decrease in narwhal
relative abundance in Eclipse Sound likely reflects natural exchange between the two putative stock areas, or
alternatively, that animals shifted to Admiralty Inlet due to more favorable ecological conditions related to sea ice
conditions, prey availability and/or predation pressure.

For example, it is well documented that sea ice in the Arctic is presently undergoing rapid reduction due to climate
warming (Stroeve et al. 2012; IPCC 2013; Overland and Wang 2013) and that ocean warming has resulted in
species distribution shifts for both marine mammals in the Arctic (Laidre et al. 2008, 2015; Frederiksen and Haug
2015; Ngttestad et al. 2015; Vikingsson et al. 2015; Albouy et al. 2020; Chambault et al. 2020, 2022; NAAMCO
2021) and their prey (Frainer et al. 2017; Mgller and Nielsen 2020). Shifts in narwhal distribution in Greenland
have also been documented in recent years, with multiple sightings of narwhal in locations well north of their
traditional range (e.g., Dove Bay, Greenland Sea, Northeast water and Petermann glacier front) (NAAMCO 2021).
Current evidence suggests that a combination of hunting and climate change is negatively impacting the long-
term viability of populations in Southeast Greenland (NAAMCO 2021).

How this might be manifesting on a micro-geographic scale in the North Baffin region is presently unclear. A
recent study by Chambault et al. (2022) predicted the future distribution of Eastern Baffin Bay narwhal under two
different climate change scenarios using narwhal satellite tracking data collected over two decades. The long-term
predictive models suggest that the current distribution of Baffin Bay narwhal during summer will undergo a +200
km northward shift in order to cope with climate change, and that summer narwhal habitats in this region are
predicted to decline by between 31 and 66% (depending on the climate model). These changes may already be
underway in the Eastern Canadian Arctic and may affect Eclipse Sound and Admiralty Inlet differently. For the
above reasons, the potential for climate-driven shifts in species distributions cannot be ignored as a potential
explanation of recently observed changes in summer narwhal distribution in Eclipse Sound). To better understand
what is occurring, additional engagement and monitoring with Inuit stakeholders and regulatory agencies are
needed, inclusive of collaborative regional scale monitoring that looks at the population dynamics of the entire
Baffin Bay narwhal stock

Comments on the draft 2021 MMASP Report were received from the MEWG in June of 2022. Baffinland’s
responses to MEWG comments and recommendations on the draft report are included as Appendix F.
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6.0 RECOMMENDATIONS

With respect to future monitoring initiatives for the Marine Mammal Aerial Survey Program, Golder provided the
following recommendations for implementation in 2022:

B Continuation of the early shoulder season survey if icebreaking resumes in 2022. This survey identifies
narwhal movements and distribution in the RSA prior to icebreaking and can help inform vessel transits.
UPDATE: As part of precautionary-based adaptive management, Baffinland did not conduct icebreaking
operations during the 2022 early shoulder season. Baffinland did however proceed with conducting aerial
surveys during the 2022 early shoulder season to assess nharwhal movements and distribution during this pre-
shipping period.

B With the low narwhal abundances observed in 2020 and in 2021, conduct another August survey to monitor
the summer stock abundance of narwhal in Eclipse Sound and Admiralty Inlet. UPDATE: This work was
completed in August 2022.

B That Leg 1 and 2 surveys return to two-week surveys given that 2021 Leg 1 and 2 surveys were flown as two
consecutive three-week surveys as an adaptive monitoring tool in response to the low narwhal numbers
observed in 2020 to ensure continuous monitoring of narwhal distribution and abundance in the RSA.
UPDATE: This recommendation was successfully implemented in 2022.

B Conduct photo-analysis of 2020 and 2021 aerial survey data for EWI metrics to help substantiate the values
obtained in the Bruce Head Program. UPDATE: This additional analysis was completed with results
presented in Appendix E of the present report.

(> SoLDEr o



26 October 2022 1663724-353-R-Rev0-49000

7.0 CLOSURE

We trust that this report meets your immediate requirements. If you have any questions regarding the content of
this report, please do not hesitate to contact the undersigned.

Golder Associates Ltd.

Tannis Thomas, MSc Mitch Firman, BSc

Marine Biologist Wildlife Biologist

Patrick Abgrall, PhD Bart DeFreitas, MSc, RPBio
Senior Marine Biologist Principal, Senior Biologist

J——
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Kyla Graham, BSc, MRes
Marine Biologist
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Golder and the G logo are trademarks of Golder Associates Corporation

https://golderassociates.sharepoint.com/sites/11206g/technical/49000 2021 marine mammal aerial survey program/05 deliverables/2021 mmasp report/rev0 for wp/1663724-353-r-rev0-
49000_2021 mmasp report_14oct-22_pr.docx
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1.0 INTRODUCTION

The Marine Mammal Aerial Survey Program (MMASP) represents one of several programs that were developed
to support the Mary River Project (the Project). The MMASP is part of the Marine Monitoring Program (MMP) for
marine mammals, in accordance with Project Certificate (PC) terms and conditions issued for the Project. This
manual was developed by experienced marine mammal observers to help train other biologists who may or may
not have aerial survey experience.

A marine mammal observer (MMO) is a person with training in marine mammal survey techniques. These survey
techniques include spotting and identifying marine mammals, determining location of sightings and their
movement, and recording environmental variables.

This MMASP training manual will cover the following:
m objectives of the MMASP

m health and safety

m field program overview and procedures

m  survey equipment

m data collection, management, and backup

2.0 PROGRAM OBJECTIVES AND OVERVIEW

The 2021 MMASP is proposed to occur during three separate survey legs: Leg 1 (early shoulder season), Leg 2
(open-water season) and Leg 3 (late shoulder season). The Leg 1 surveys are proposed to occur over a 21-day
window in July and early August, during the staging period when narwhal and other marine mammals await ice
break-out prior to their entry into Eclipse Sound and Milne Inlet. The objective of the Leg 1 surveys is to determine
the relative abundance and distribution of narwhal near the Pond Inlet floe edge prior to and during initial shipping
and icebreaking operations. These surveys aim to address identified data gaps for marine mammals along the
floe edge during the early shoulder season. Leg 2 surveys are proposed to occur over a 21-day window in August
corresponding with the peak open-water period. The objective of Leg 2 surveys is to obtain an updated (2021)
abundance estimate for the Eclipse Sound and Admiralty Inlet narwhal summer stocks, as well as for other marine
mammal species in the Regional Study Area (RSA). Survey design and data collection methodology previously
developed by Fisheries and Oceans Canada (DFO) (Matthews et al. 2017; Marcoux et al. 2016; Doniol-Valcroze
et al. 2015; Asselin and Richard 2011; Golder 2020, 2021) will be used to allow for a comparison to previously
reported abundance estimates. Leg 3 surveys are proposed to occur over a 2-day period in late October
corresponding with the end of the shipping season. The objective of the Leg 3 surveys is to conduct a visual
clearance survey to confirm that no narwhal entrapment events have occurred in the RSA following completion of
Baffinland’s 2021 shipping operations along the Northern Shipping Route.
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3.0 HEALTH AND SAFETY
3.1 Aircraft

Leg 1-3 surveys will be flown in a de Havilland Canada DHC-6 Twin Otter aircraft operated by Kenn Borek Air
Ltd. (Ken Borek; Figure 1). This short takeoff and landing utility aircraft seats 19 passengers, has a maximum
range of approximately 4.5 hours or 1207 km (750 miles) and a cruise speed of 265 km/h (165 mph).

Kenn Borek’s safety management system is consistent and aligned with Transport Canada’s highest airline
standard complete with Emergency Response Plan and Quality Assurance Program. Kenn Borek continuously
monitors and develops the following safety objectives:

= Non-punitive Policy

m  Proactive Reporting

m  Annual Goal Setting

= Management of Change / Risk Management Program

m  Corrective Action Planning and Quality Assurance Oversight

m Continuous promotion of a safe and just culture by all Kenn Borek Air management

Figure 1: Aircraft de Havilland Canada DHC-6 Twin Otter operated by Kenn Borek Air Ltd.
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3.2 Personnel

MMOs are expected to familiarize themselves with aircraft exit locations and safety equipment on-board the
aircraft. This information will be reviewed during the safety briefing prior to each flight. In addition to aircraft safety,
all MMOs must read and understand the MMASP program-specific Health, Safety, Security and Environment
(HSSE) Plan which will be reviewed prior to the start of MMASP related work. A major component of the HSSE
Plan is the identification of potential health and safety hazards associated with the MMASP including
environmental conditions and MMO activities and the implementation of the controls necessary to minimize the
risk to people. The program specific HSSE Plan is based on the assessment of previous worksites and similar
activities and is a dynamic document that can be modified if things change during the MMASP. The HSSE plan
will typically cover the following information:

m personnel contact information

m emergency contact information

m Safe Work Practices and Procedures

m toolbox meetings (to be completed at the start of every day)

m incident reporting
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4.0
4.1

FIELD PROGRAM

Survey Area

Two survey grids (Eclipse Sound and Admiralty Inlet) encompass the survey area for the 2021 MMASP. Eclipse
Sound Grid is divided into nine strata (Baffin Bay, Pond Inlet, Eclipse Sound East, Eclipse Sound West, Navy

Board Inlet, Tremblay Sound, Milne Inlet North, Milne Inlet South, and Fjords; Figure 2). Admiralty Inlet Grid is

o

e

oo

s

divided into three strata (Admiralty Inlet North, Admiralty Inlet South, and Fjords; Figure 2).
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Figure 2: Geographic strata for Eclipse Sound Grid (on the right) and Admiralty Inlet Grid (on the left).

Leg 1 study area encompasses the Eclipse Sound Grid and is based on the boundaries flown in previous surveys
from 2013-2016 (DFO 2017; Golder 2017), with the addition of a Baffin Bay stratum (Figure 2). Leg 1 is designed
to focus in the open-water area around the floe edge (blue and yellow/orange lines in Figure 3) in the Baffin Bay
or eastern Pond Inlet strata where narwhal are known to stage prior to entering Eclipse Sound. Reconnaissance

flights will be flown periodically in Tremblay Sound, Eclipse Sound and Milne Inlet to verify narwhal

presence/absence. If narwhal are observed in these strata, the entire survey grid will be flown, including all strata

(switching from yellow/orange floe edge line and blue transect lines to red transect lines in Figure 3).
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Figure 3: Leg 1 transect lines for the Eclipse Sound study area.

Leg 2 will survey Eclipse Sound Grid and Admiralty Inlet Grid within a two- to three-day period to obtain an
estimate of narwhal abundance in the combined areas. The boundaries for the Eclipse Sound Grid are the same
as those for Leg 1 with the exclusion of the Baffin Bay stratum (see Figure 2). As during Leg 1, systematic random
visual line-transect surveys will be flown for all strata (except Tremblay Sound and Milne Inlet South where
photographic surveys will be conducted) with the location of the first line chosen at random (Figure 4). A
photographic survey with complete coverage will be flown for the Tremblay Sound and Milne Inlet South strata.
Reconnaissance flights in Eclipse Fjords will be flown when time and weather permits.

The boundaries for Admiralty Inlet are divided into three strata (see Figure 4). Systematic random visual line-
transect surveys will be flown for the North and South strata with the location of the first line chosen at random
(Figure 4). Reconnaissance flights in the fjords will be flown when time and weather permits.

During visual line-transect surveys, if large aggregations (e.g., >50 narwhals or when observers indicated that
they cannot accurately keep up with narwhal counts) are identified, a photographic survey will be flown with
complete coverage over the group to allow for accurate counts of animals. To identify aggregations observed
during visual surveys, all personnel on board the aircraft are instructed to look out for herds of narwhal and alert
everyone when one was sighted. When such an aggregation is located, lines will be flown in a cross pattern over
the group, to determine its spatial extent. Using pre-planned survey grids, the aggregation will be photographed
using a systematic grid with complete coverage as seen in Figure 4 for the Milne Inlet South and Tremblay Sound
strata.
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Figure 4: Leg 2 transect lines for the Eclipse Sound and Admiralty Inlet study areas.

Leg 3 study area will focus on the Eclipse Sound Grid with the exclusion of the Baffin Bay stratum. Leg 3 will be
flown as a visual clearance survey to confirm that no narwhal entrapment events have occurred in the RSA
following completion of Baffinland’s 2021 shipping operations along the Northern Shipping Route. Areas flown in
this survey will include areas of high ice concentrations along the shipping corridor and areas of known past
entrapments.

4.2 Flight and Observational Procedures

Each survey will be flown along the transect lines at a target altitude of 305 m (1,000 feet) with a target speed of
185 km/h (100 knots). The survey aircraft for all survey Legs will consist of a de Havilland Twin Otter 300
equipped with four bubble windows on the sides and a large belly window used for cameras. MMOs will be
stationed at the front and rear bubble windows that provide a view of the track line directly below the aircratft.
Visual surveys will be conducted as a double-platform experiment with independent observation platforms at the
front (primary) and rear (secondary) of the survey plane. The two observers stationed on the same side of the
aircraft will be separated visually and acoustically to achieve independence of their conditional detections. A fifth
member of the survey team will be responsible for overseeing camera operations, data entry, and navigation
along the survey grid.

Observers will focus on the area closest to the track line and use their peripheral vision for sightings farther afield.
Primary observers will record every marine mammal sighting by speaking into a hand-held audio recorder to
supplement the data being collected in real time in Mysticetus. Secondary observers will also record every marine
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mammal sighting in a hand-held audio recorder, as well as enter partial observation records in Mysticetus. Each
sighting record will include information on time, species type, group size, group composition (presence of calves,
mother/calf pairs, adults, number of tusks, etc.), direction of travel (heading), speed of travel, sighting cue,
behaviour, and activity. A group is defined as animals within one to a few body lengths of each other and oriented
or moving in a similar direction. Observers will give priority to estimating group size, especially when densities are
high, followed by other variables (direction of movement, presence of young, number of tusks) if time permits.
Geometers will automatically assign the perpendicular declination angle of each sighting in the Mysticetus
program for the primary and secondary observers. Position and altitude of the plane will be recorded every
second using a GPS connected to a laptop running Mysticetus. A dedicated Bluetooth GPS unit and iPad will also
be used to track the aircraft location using specialized navigational mapping software (Foreflight pre-programmed
with the survey transect grid).

Observational conditions (environmental data) will be recorded onto the audio recorders by the primary observers
at the start of each transect and re-stated at any time a change was detected throughout the survey. Conditions
will include sea state (Beaufort scale), ice concentration (in tenths), fog (% cover in field of view and intensity),
and glare (% of forward field of view and intensity). Environmental data will be entered into Mysticetus after each
flight.

4.3 Photographic Data

To supplement visual observations, the aircraft will collect continuous photographic records below the aircraft
using dual obligue cameras pointing downwards towards either side of the track line. A three-second interval
between photographs will allow for a target overlap of 20% between successive photographs along the direction
of the aircraft at the survey altitude of 1,000 ft above sea level. The aircraft will be fitted with a camera belly port
hatch to accommodate a custom camera frame and two Canon EOS 5DS R Digital Single Lens Reflex (DSLR)
still cameras.

Each camera will be connected to a laptop and controlled remotely (settings, start and stop). Photographs will be
stored in high-resolution RAW format. At the end of each survey photos will be transferred to an external hard
drive.

4.4 Photographic Surveys

During visual line-transect surveys, if large aggregations (>50 narwhals or when observers indicate that they
cannot accurately keep up with narwhal counts) are identified, a photographic survey will be flown with complete
coverage over the group to allow for accurate counts of animals. To better quantify large narwhal aggregations
observed on the visual surveys, all personnel on board the aircraft will be instructed to look out for herds of
narwhal and alert everyone when one was sighted. When such an aggregation is located, two lines will be flown in
a cross pattern over the group to determine its spatial extent. Using the pre-planned survey grid, the aggregation
will be photographed using a systematic grid with complete coverage. A six-second interval between photographs
will allow for a target overlap of ~15% between successive photographs along the direction of the aircraft at the
survey altitude of 2,000 ft above sea level. During Leg 2 a dedicated photographic survey will be flown in the
Milne Inlet South and Tremblay Sound strata where narwhal are known to concentrate at that time of the year.
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5.0 DAILY ROUTINES

Every morning the aerial crew will meet at a designated area to take the bus to the Weather Haven where they
will remain for the duration of the day awaiting a weather window for a survey. Upon arriving at the Weather
Haven a daily toolbox session will be initiated with the aerial crew and a plan put into motion to either prepare for
a survey or to check back in an allotted time if weather conditions are not favorable for a survey. Weather
requirements for surveying include a ceiling of greater than 333 m (1,000 ft) and sea states of less than Beaufort
level five.

Flight days — If the weather permits a flight, the lead MMO will set up a time for departure. Typical flight days
range in length from 10-12 hours depending upon weather. Punctuality is required. Delays or missing crew
members can force the survey to be canceled. Bring water and food for the flight, keeping in mind that the plane
has no toilet. A small bag including toiletries and a coat are also good to bring, as sometimes poor weather may
require the use of an alternate landing site. Each MMO will be supplied with a dry suit to wear while working on
the aircraft and a headset. After a flight, it is important to enter and validate the data as soon as possible.
Depending on the landing time, this could be either that evening or the next morning.

Non-flight days — Typical workdays range in length from 8—10 hours depending upon the number of trained staff
members available, the weather, and how much data needs processing from the previous day. When no surveys
are flown MMO'’s will be expected to do data entry and validation.

6.0 EQUIPMENT

Clinometer

Depression angle from the horizon to the sighting is determined using a clinometer when the marine
mammal is perpendicular to the aircraft. Use only one clinometer reading for the center of a group
(no angle ranges). See Appendix B for instructions of use.

Geometer

When the marine mammal is perpendicular to the aircraft, sight the animal in the center of the scope
and press the button on the front of the geometer. This will automatically record sighting time and
declination angles of the sighting in the Mysticetus program. This device can be used instead of the
clinometer.

Digital Recorder

Digital recorders will be used to record sighting data and environmental data to be transcribed to the
Mysticetus database at the end of each flight.
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Laptop with Mysticetus program

Bad EIf GPS

Camera Equipment

The Mysticetus program will be used to record GPS tracks and waypoints
(transect start and stop, sightings, and environmental data) during each
survey. After each survey, additional data will be entered on a laptop
computer into the Mysticetus database. The database is programmed with
data forms (drop-down menus) and data entry fields that are specific to the
type of data being collected.

A Bad EIf GPS Pro device will be used to track the aircraft during marine mammal
surveys at one second intervals.

Each GPS device should be turned on at the start of the flight by pressing the “ON”
button located on the left side of the device. It may take a few minutes for the device
to acquire satellites.

The MMO should check the GPS device regularly during the flight to ensure that it
has not lost signal and is working properly.

Each aircraft will be equipped with two identical camera systems, using
Canon EOS 5DS DSLR cameras fitted with 35 mm lenses. The cameras will
be connected to a laptop computer to control exposure settings and photo
interval. The cameras will be installed within the camera hatch on a custom-
made mount. Images will be saved directly to the internal camera cards. The
cameras will be oriented widthwise (long side perpendicular to the track line)
and angled obliquely: one to the port side and the other to the starboard
side. See Appendix A for detailed camera setup.
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Personal Protective Equipment

Observers will be provided with a dry suit and a headset prior to each flight.
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7.0 DATA COLLECTION

Each aerial survey crew consists of five positions: two primary observers (front observers), two secondary
observers (rear observers), and the navigator/data manager (Figure 5). The positions are assigned prior to take-
off and have different responsibilities, however during long flights positions can be rotated during refuelling to
reduce fatigue.

Front Obs. | Navigator Rear Obs.

1 i 1
IEB 3 '§ E:amera
1D (51 C3 Co) a1 .
Front Ot',sl.f ﬁ Rear Obs
Exit

Figure 5: Twin Otter aircraft configuration with aerial crew locations

7.1 Navigator/Data Manager

A specially designed electronic database (Mysticetus) with mapping software will be downloaded with the survey
track lines so the observers can be notified by the navigator of the start and stop point of the transects.
Geometers will automatically populate Mysticetus with the date, time, location (i.e. GPS coordinates), observer
and declination angle of the primary and secondary observer sightings. The data manager will supplement the
sighting data for the primary observer sightings in real time with species and group size along with any additional
data verbalized by the primary observers. A drop-down menu is available to facilitate recording data collected
during the survey, but some data will be transcribed from the audio recorders into the database after the flight.
Supplemental sighting data for the secondary observers will be entered after completion of the survey. Primary
and secondary observers will be connected to separate computers each running their own version of Mysticetus.
A portable GPS unit will be plugged into each computer to record GPS positions and waypoints during each flight
with the Mysticetus program. The date, time, and GPS coordinates are automatically recorded with each one-
second point on the track line.

The data manager will be responsible for keeping a flight log in the Mysticetus database connected to the primary
observers. The flight log should have the date, flight number, start (aircraft starts moving) and stop (aircraft stops
moving) times, and the survey number for each time the aircraft is flown.
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7.2 Primary and Secondary Observers

At the start of the flight, each observer is issued a geometer, synchronized wristwatch, and digital voice recorder.
Primary observers sit in the forward right and left seats and collect environmental and sightings data used for
analyses. The two most experienced MMOs on the aircraft should be occupying the primary observer positions.
Secondary observers sit in the rear right and left seats and are collecting sightings data to be used in the double-
platform experiment. The double-platform experiment requires independent observation platforms at the front
(primary) and rear (secondary) of the survey plane. The two observers stationed on the same side of the aircraft
will be separated visually and acoustically to achieve independence of their conditional detections.

7.2.1 Environmental Data

Environmental conditions are recorded at the start and end of each transect and whenever conditions change
within the viewing area (Table 1). The viewing area is estimated out to approximately 1 km from the aircraft (see
Appendix B). Four environmental conditions are recorded:

m Icetenths cover: Tenths of the viewing area covered in ice.
m Beaufort wind force (Beaufort Sea State): Visual conditions of the wave height and froth.
m Glare: Percentage of searching area affected by sun reflection and intensity.

m Fog: Percentage of the viewing area obscured due to fog and level of intensity.

See Appendix B for examples of the various environmental conditions.

Table 1. Environmental codes.

Environmental Type = Code Description ‘

Ice Cover 0/10 - 10/10 Ice cover within viewing area
Beaufort Wind Force | O Sea like a mirror
1 Ripples with the appearance of scales are formed, but without

foam crests

2 Small wavelets, short but more pronounced. Crests have
glassy appearance and don’t break.

3 Smooth, large wavelets. Crests begin to break. Scattered
whitecaps.

4 Small waves, becoming longer. Fairly frequent whitecaps.

5 Moderate waves, taking a pronounced long form. Many
whitecaps.

6 Large waves forming, white foam crests more extensive

everywhere. Probably spray.

7-12 Ranges from a gale to a hurricane.
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Environmental Type Code Description ‘
Percent Glare 0 -100% Percent glare obscuring viewing area
Glare Intensity Intense When animals were certainly missed in the center of reflection
angle
Medium When animals were likely missed in the center of reflection
angle
Low When animals were likely detected in center of reflection angle
None No glare
Fog Cover 0 -100% Percent fog obscuring viewing area
Fog Intensity Thick Dense thick fog that you cannot see through
Moderate Thick and light fog interspersed, can see through at times
Light Light fog that you can see through
None No fog

7.2.2 Sighting Data

Sighting data is recorded every time a marine mammal is sighted (Table 2). Examples with descriptions of each
sighting type are provided in Appendix B.

Observers will trigger the geometer when a marine mammal is spotted perpendicular to the aircraft so the
sighting along with the date, time, location, observer and declination angle is automatically entered in the
Mysticetus program. Primary observers will notify the Mysticetus operator (i.e. data manager) of the species and
group size.

Both primary and secondary observers will record the following additional information about the sighting on their
digital voice recorder in order of importance:

m Time: hour, minute and second

m Species: name of species observed

m  Group size: number of individuals in group

m Included/excluded: on transect or on transit

m Direction of movement: clockface direction of movement in relation to the aircratt.
m Speed: relative speed of animal's movement.

m Age/sex: apparent age of the animal and if tusk present.

m Behavior: movements or biological processes in which animal is engaged.

m Activity: a collection of behaviors that indicate the animal is working toward an overall goal (e.g., feeding,
migrating).

m Sighting cue: What alerted you to the sighting?
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Table 2: Sighting data codes

Sighting Type

Species

Code

Species (e.g. narwhal)

Description

Narwhal, bowhead, beluga, ringed seal, harp seal, walrus, etc.

Group Size

#

Number of individuals in group (group is defined as animals that are
within one body length of each other and oriented or moving in a
similar direction).

Clinometer
angle

# degrees

Depression angle from the horizon to the sighting as determined
using a clinometer when the marine mammal is perpendicular to the
aircraft. Use only one clinometer reading for the center of a group
(no angle ranges). If using a geometer, sighting time and depression
angle are automatically stored on a laptop with the press of the
button. Clinometers will only be used if needed.

Include/Exclude

Include

A sighting seen within the field of view on transect, at the surface or
clearly visible just below surface, and at survey altitude.

Exclude

If the sighting is seen on transit, or outside the field of view (i.e.
behind the aircraft or well beyond 1 km), or barely visible below
surface, or seen when flying above normal survey altitude (i.e. on
transit flights).

Direction of Clockface 1-12 Clockface direction of movement in relation to the aircraft. 12 o’clock

movement means animal is moving in same direction as aircraft.

Speed Fast When animal is swimming rapidly through the water, often
associated with splashes. Wake left behind.

Moderate When animal is swimming moderately through water, often
associated with trail behind animal.

Slow When animal is swimming slowly through water, but trail barely
visible in water.

Not moving Animal is stationary, no movement.

Age # adults Large whitish animals should be assumed to be adults. Dark
animals that are 85% or larger than the length of whitish adults
should be assumed to be adults. Code unknown if not sure.

# juveniles Dark in color and 15% smaller than adult. May have short tusk
present. Code unknown if not sure.

# calves Whitish to grey in appearance and slightly less than half of the
length of the adult female. Code unknown if not sure.

Sex # males If tusk visible code as male. Code unknown if not sure.

# females If no tusk visible and not accompanied by a calf. Code as female.
# mother Code as mother if seen with a calf.
Code unknown if not sure.

Activity Feeding Animal seen feeding or evidence of prey observed.

Traveling Moving in a distinct direction with a moderate to fast pace.

GOLDER
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Sighting Type Code Description
Resting Animal lying motionless at the surface of the water or on the
ice/land.
Milling Moving but net movement is near zero, e.g. swimming in circles.
Socializing Engaged in social activity (involving more than one animal).
Unknown Nothing recorded.
Behaviour Hauled out Hauled out on ice or land (pinnipeds).
Diving Animal descends below the surface.
Fluking When a whale raises its fluke as it dives beneath the water.
Surfacing When a marine mammal is observed coming to the surface of the
water.
Swimming Animal is swimming at the surface.
Surface activity Splashing, jumping, flipper or tail slapping, implies social interaction.
Looking When animal is in an upright position with its head out of the water
and is actively looking at something (pinniped or polar bear).
Blow When whale releases air from its lungs at the surface of the water,
observed as clouds of moist air. Can be visible at far distances.
Breaching When a whale leaps with its entire body out of the water.
Spyhopping When a whale raises its head vertically out of the water so that its
eyes are clear of the surface.
Walking/Running/Stan | Polar bear walking, running, or standing on ice or land.
ding
Dead Observation of a dead marine mammal.
Logging When a marine mammal is on the surface and is neither swimming
nor moving
Unknown Nothing recorded.
Sighting cue Blow Whale exhales breath at surface of water seen as a watery mist.
Body Body or marine mammal.
Footprint Surface of the water looks disturbed and are made when a marine
mammal has just been on or near the surface of the water.
Splash Splashes may be a sign that a marine mammal is present.
Birds Aggregation of birds may be attracted to marine mammal when they
are feeding.
Unknown Nothing recorded.

GOLDER
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8.0 DATA MANAGEMENT

One of the most important parts of the work is to carefully record information on all sightings/observations during
the survey onto the audio recorders and transcribe that data into the database after every flight. This information
is critical to the success of the MMASP Program. A lot of time and mentorship will be spent on training to properly,
efficiently and consistently record information.

8.1 Data Transcription

Once the survey is complete, data from the voice recorders must be transcribed into the Mysticetus database for
the primary observers or on data sheets for the secondary observers as soon as possible so that people may be
able to accurately fill in any data not recorded during the survey. There will be prompts to enable the MMO to
enter data efficiently and out-of-range error checking to ensure that only plausible values can be entered into the
database. The Mysticetus database includes three types of data: flight data, environmental/effort data, and marine
mammal sightings data.

8.1.1 Flight Data

Flight data is recorded by the data recorder during the flight and is assigned waypoints in the tracking program.
Flight data includes the following data:

m Date

m Location (Eclipse Sound or Admiralty Inlet)

m  Survey number

m  Flight number (can take up to four flights to complete a survey)

m Observers and their locations on the aircraft

8.1.2 Environmental/Effort Data

Environmental/effort data are assigned waypoints in the database by the data recorder during the flight. Primary
observers will fill in specific information associated with the waypoints after the flight from their audio recordings.
Environmental/effort data include the following data:

m Start and stop transects (assigned a waypoint by data recorder during flight)

m  Environmental record (assigned a waypoint by data recorder during flight)

m Ice cover for environmental record (filled in by primary observer audio recordings after flight)

m Beaufort wind force for environmental record (filled in by primary observer audio recordings after flight)

m Glare cover and intensity for environmental record (filled in by primary observer audio recordings after flight)

m Fog cover and intensity for environmental record (filled in by primary observer audio recordings after flight)
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8.1.3 Sighting Data

Marine mammal sightings are assigned waypoints in the database by the data recorder during the flight. Primary
and secondary observers will fill in specific information associated with the waypoints after the flight from their
audio recorders. Sighting data include the following waypoints:

m  Marine mammal sighting (assigned a waypoint by geometer during flight)

m Species (filled in by data recorder in real time for primary observer or by primary/secondary observer audio
recordings after flight)

m  Group size (filled in by data recorder in real time for primary observer or by primary/secondary observer
audio recordings after flight)

m Clinometer angle (automatically entered by geometer)

m  Observer (automatically entered by geometer)

m Include/exclude (filled in by primary/secondary observer audio recordings after flight)

m Direction of movement (filled in by primary/secondary observer audio recordings after flight)
m Speed (filled in by primary/secondary observer audio recordings after flight)

m  Age (filled in by primary/secondary observer audio recordings after flight)

m  Sex (filled in by primary/secondary observer audio recordings after flight)

m  Activity (filled in by primary/secondary observer audio recordings after flight)

m  Behaviour (filled in by primary/secondary observer audio recordings after flight)

m Sighting cue (filled in by primary/secondary observer audio recordings after flight)

Once all data have been entered, all electronic entries should be compared to digital recordings again, by a
different observer, to check for errors. Backups of the database should be made regularly and stored on an
external hard drive and another computer.

8.2 Data Editing

Check your own work at the end of each survey to ensure accuracy. If you note a mistake, and can remember the
details, correct it and initial the changes. If you cannot remember, do not make a guess. Missing data are
preferable to incorrect data. All columns should be filled out to the best of your ability; there should be no blank
spaces in the spreadsheet. Additionally, if you note a mistake by another MMO, bring it to their attention as soon
as possible, so it can be corrected.

8.3 Data Storage and Backup

MMOs are required to do the following measures after each survey is complete to help prevent collected data
from being lost:

m Data recorded onto the digital recorders must be backed up onto the field computer.

m  Mysticetus data should be backed up regularly in several places: external hard drive, lead MMO's laptop and
on the field computer, as coordinated by the lead MMO. Backups should be double-checked to ensure that
data were successfully transferred.

The photographic images will be backed up after every flight and a copy made for duplicates.
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APPENDIX A

Camera Setup
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Camera Setup
Camera Settings

m Mark each camera left or right (small piece of electrical tape with a "L" or "R" in silver permanent marker),
mark media cards left or right

m Inplayback menu, turn rotate tall and image review off.

m Inshooting menu set image quality to RAW size large, 14 bit, image area to FX (36X24) 1.0 x with auto DX
crop off, color space to RGB, and turn active D-lighting to off.

m Insetup menu format both the SD and CF cards and set camera to write to one card then overflow to the
next card. Set camera date and time to the precise GPS date and time, do this at the start of every day,
check the date-time at the end of every flight when you're back in the hotel to see if there is any drift. If there
is drift record it so that true camera times can be estimated to get an accurate match with GPS time.

m Connect cameras to a laptop running the camera control software. Using the camera control software, set
cameras to shoot in manual settings, shutter priority of at least 1/1600 s, the aperture can be set on
automatic if you expect a large variability in the brightness of the photos, particularly when ice in present in
the survey area. Try to balance to keep an f stop that is not wide open as there is some clutter introduced to
the pixels when shooting at wide open but do not close the aperture too much either. You can increase the
ISO to increase shutter speed but there is some noise introduced to the pixels at the highest ISOs. Setting
the 1SO at 400 to 800 should be acceptable if you need to go that high to get 1/1600 sec shutter speed. We
should do some tests in the aircraft when we get the chance to evaluate the tradeoff between 1ISO and
shutter speed.

m Be careful with AF buttons, make sure they are set manual, if need be tape with electrical tape, remove tape
after each flight so that glues do not adhere too much.

Inverter
m  bring plenty of extension cords, plan layout before flight

m careful with cords draped over seats and along floors, there are pinch points that can cut or damage cables
(electrical, antenna, GPS, serial)

m duct tape cords to the walls to keep them from getting in the way or being tripped over

m turned on inverter at start of flight before action starts, may have to ask pilot, they usually turn it off when
starting aircraft, best to indicate when they look back to check on passengers before beginning taxiing, or
after take-off during level flight

GOLDER
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Mounting cameras on the frames

frame, aircraft floor, camera port opening may have sharp edges, be careful

setup frame, set camera angles depending on how many cameras you intend on using (eg 2, 3 or 4), 2 is
usually one looking left and one looking right. If using a 35 mm lens, adjust angles to 27 degrees from
centerline using a digital protractor.

camera image long axis is usually perpendicular to the flight direction to get the maximum strip width

fit camera to frame before first flight, make sure that lenses are not touching camera port glass and that
frame is setup for least vibration, set camera mount delimiters if they are available so that the camera will not
touch parts of the aircraft when they are shooting (airframe vibration transferred to camera, damage to glass,
damage to camera). Prevent the edges of the camera port from being included in the photos taken.

connect electrical
tape connections if you can, especially between AC/DC power supply and dummy battery lead of camera
carefully mount camera taking care to avoid stretching cables to prevent connectors from coming loose

fire test shots to verify the centerline is covered in the images

For connecting all equipment in the aircraft refer to image below.

=

Laptaz Laptaz

Hrbeaia Hribraiug
Dacratas Sscordey
Baorratar

Lapina
Cararay
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APPENDIX B

Examples of Environmental and
Sighting Data
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This appendix contains examples of environmental and sighting data used in the data collection of the MMASP:
Environmental data includes:

m lce cover

m  Wind force

m Glare

m Fog

Sighitng data contains:
m  Species

= Number

m Clinometer

| Include/exclude

m Heading
m Speed
m  Age

m Sighting cue
m Behavior

m  Activity

GOLDER
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Field of View

* Looking forward
and to out to the
side of the aircraft

* 90 degrees and out
to 1 km

Environmental
Data

* Ice cover
* Wind force
+ Glare

* Fog
Subjective

Based on average of conditions

1 km

1 km

Left observer
field of view

Right observer
field of view
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Beaufort Wind Force Chart

Wind Speed  |Beaufort World Wave
Wind Meteorological Height Description
Knots mis Force | Organization Terms (m)
<1 <0.5 0 Calm 0 Glassy like a mirror
1-3 0.5-1.5 1 Light air <0.1  Ripples with the appearance of scales but
no whitecaps or foam crests
4-6 2.1-3.1 2 Light breeze 0-0.1  Small wavelets, crests have a glassy
appearance but do not break (no
whitecaps)
7-10 3.6-5.1 3 Gente breeze 0.1-0.5 Smooth large wavelets, crests begin to
| break, occasional/scattered whitecaps

11-186 5.7-8.2 4 Moderate breeze 0.5-1.2 Slight small fairly frequent whitecaps

17-21 8,7-10.8 5 Fresh breeze 1.2-2.4 Moderate waves becoming longer, some
‘spray, frequent moderate whitecaps

22-27 11.3-13.9 6 Strong breeze 2.4-4  Rough, larger waves, longer-formed
waves, many large whitecaps

28-33 14.4-17.0 7 Near gale 4-6 Very rough, large waves forming, white
foam crests everywhere, spray is present

34-40 17.5-20.6 8 Gale

41-47  21.1-242 9 Strong gale

48-55 24.7-28.3 10 Storm 6-9  High

56-63 28.8-32.4 11 Violent storm 8-14  Very high
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Wind Force 2 Small wavelets not breaking

Wind Force 3 Scattered white-caps
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Wind Force 4 Frequent white-caps

Glare

Two measurements:

* Percent - percent glare
obscuring viewing area (0 - 100
%)

* Intensity — intense, medium,
low, or none
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Medium and 60
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Intense and 25%
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Low and 20%

Fog

Two measurements:

» Percent - percent fog
obscuring viewing area (0
- 100 %)

* Intensity — thick,
moderate, light, or none
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Moderate and 100%
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“Light and 20%

Sighting Data

» Collected for each sighting:
+ Species
« Number (group size)
+ Clinometer angle
* Include/exclude

+ Collected if time:
* Heading
+ Speed
* Age
« Sighting Cue
«  Activity/Behavior
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small whale 4.2t04.7 m

low bushy blow
» spotted black and white coloration
* males have a tusk
+ tail convex on trailing edge

small whale 4.3t0 4.9 m
low bushy blow
adults white and calves are

gray
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large whale

B OW h e a d . hump near blowhole

can have white on chin and tail
blows are v-shaped

- 2

mid-sized whale 9 m
dorsal fin
black with white patches
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« Large whale 12510 19.2 m
S-shaped blowhole at front of
head and offset to left
Thick, low dorsal fin followed by
series of bumps on dorsal ridge

Ringed Seal
Harp Seal
Bearded Seal
Hooded Seal
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Small seal 1.1t0 1.6 m
Short thick neck and fat body
Color: light gray rings
encircle spots on back

mid-sized seal 1.8t0 1.9 m

old animals have harp pattern with
black mask

young animals have dark spots

can be seen in large groups porpoising
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large seal 2.1 to 2.5 m

color light to dark gray or brown
small head to body ratio
densely packed vibrissae
(beard)

large seal 2.0to 26 m

silver white with dark blotches
face and muzzle very dark
males with inflatable nasal
cavity
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o | inniped
Walrus . I?grf?te tglgg:ﬁebrown

* white tusks

Polar Bear
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* Number of individuals in group
(group is defined as animals that are

G rou p S i zZe within one or a few body lengths of

each other and oriented or moving in a
similar direction)

Using Clinometers

* Wait until the plane is perpendicular to the
sighting. Then keep both eyes open and,
looking though the inclinometer, line up the
horizontal line with the center portion of the
animal.

* Record the number on the left that the
horizontal line passes through.

« |f a group of several animals is sighted,
measure from the center of the group.
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30 ——
1115
*Keep both eyes open! — =
+Line up mammal with horizontal line 1105
(use middle of mammal) =103
*Use scale on left =17 S
e
10 =
1101
_1 100.5
==
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Using Geometers

« Wait until the plane is perpendicular to the
sighting.

« Sight the animal in the center of the scope
and press the button on the front of the
geometer.

« This will electronically record time and
declination angles for the sighting in a text
file.

« Takes into account the tilt, roll, and yaw of
the aircraft.

« |f a group of several animals is sighted,
measure from the center of the group.

Include / Exclude

Include

« Sighting is on transect, within the field of view, at the surface or
clearly visibie just below surface, and at survey aititude

Exclude

« Sighting is on transit or outside of the field of view (i.e. behind
the aircraft or well beyond 1 km distance), or barely visible below
surface, or seen when flying above normal survey altitude (i.e
on transit flights above 1000 ft)
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Heading

* Assume aircraft is always pointing to 12:00

* Record clock face direction of animal (1 to 12)

Belugas heading towards 6.00

Speed

Fast

« White water streaming off bodies, wake left behind
Moderate

» Definite heading, steady motion, small amount of white water
Slow

« Definite heading, forward motion observable, no white water
visible

Not Moving

« Manne mammal is stationary, no movement
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Narwhal Calf Key

Newbom
Yes
Yes Located either at the
side,
Length < 1/3 of Distance <2
nearest adult female body lengths
body length, away from
nearest adult tail
female
Yes
Yes above
Length < 1/2 of
No nearest adult female ontop.
body length
No or behind
L =
S the nearest adult female
No No

Not a newborn

Sighting Cue

* Body

* Blow

* Footprint
« Splash
» Birds
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o MEMBER OF WSP



9 July 2021 1663724-319-R-Rev0-49000

Footprint

Behaviour

Hauled Out
Diving

Fluke
Surfacing
Swimming
Surface Activity
Looking

Blow
Breaching
Spyhopping
Walking, Running, Standing (i.e. Polar Bear)
Dead

L.ogging
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Hauled
Out

Hauled out on ice or
land (pinnipeds)

Diving
Marine mammal

descends below the
surface.

G GOLDER



9 July 2021 1663724-319-R-Rev0-49000

Fluke

Whale shows its fluke
as it dives beneath
the water.

Surfacing

Marine mammal
observed coming to
the surface of the
water.
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Swimming

Marine mammal
swimming at the
surface of the water

Surface
Activity

Marine mammal
splashing, jumping,
flipper or tail
slapping, implies
social interaction
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Looking

When animal is in an
upright position with
its head out of the
water and is actively
looking at something
(pinniped or polar
bear)

Blow

Marine mammal
releases air from its
lungs at the surface of
the water, observed as
clouds of moist air.
Can be visible at far
distances.
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Breach

When a whale leaps
with its entire body
out of the water.

Spyhop

Marine mammal
raises its head
vertically out of the
water so that its eyes
are clear of the
surface.
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Walk,
Run,
Stand

Polar bear walking, —
running, or standing
on ice or land. — ——

Logging

When a marine
mammal is on the
surface and is neither
swimming nor
moving.
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Dead

When a marine
mammal is identified
deceased on land or
in water

Activity

An activity is composed of several behaviors and cannot always be
determined

Feeding

Traveling

Resting

Milling
Socializing

Unknown

GOLDER
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Feeding

Marine mammal seen
feeding or evidence
of prey observed.

Travelling

Moving in a distinct
direction with a
moderate to fast pace
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Resting

Marine mammal lying
motionless at the
surface of the water
or on the ice/land

Milling

Moving but net
movement is near
zero, eg. swimming in
circles.
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Socializing

Engaged in social
activity (involving
more than one
animal)
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APPENDIX C

Hard Copy Datasheets for
Secondary Observers




9 July 2021 1663724-319-R-Rev0-49000

Date: Observer name:

Time Species Group Dec. Include/  Dir.of Speed Age ‘Sex ‘Acnvny Beh. Sight.

size angle exclude  Travel cue
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APPENDIX B

Mapbook
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Appendix C: Distance Sampling and Mark-Recapture Models

Table 1: Narwhal Distance Sampling and Mark-Recapture Models

Distance Sampling Mark-Recapture

AIC + key Model* AlIC Model*

function

5310.136

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC30 + size 864.027 ~distance + observer + ObsPair:distance + RC15 + size
5310.449

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC15 + size 864.831 ~ distance + observer + ObsPair:distance + RC15 + size + Bft
5312.015 ~ distance + observer + ObsPair:observer + RC15 + distance :
half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC30 + Bft + size 865.284 Bft

5312.211

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + size 865.582 ~observer + ObsPair:distance + distance + RC15
5312.406 ~observer + ObsPair:distance + distance + RC15 + size +
half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC15 + Bft + size 865.587 Glareint

5313.446 ~ distance + observer + ObsPair:distance + RC15 + size +
half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC45 + size 865.727 GlareAng

5313.646

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + Glarelnt + size 865.813 ~ distance + observer + ObsPair:distance + size

5313.89 ~ObsPair + ObsPair:Bft + Bft + GlareAng:Glarelnt:RC30 + ~ distance + observer + ObsPair:distance + RC15 + size +
hazard rate Glarelnt 865.992 GlareAng:Glarelnt

5313.89

hazard rate ~ObsPair + ObsPair:Bft + GlareAng:Glarelnt:RC30 + Glarelnt 866.571 ~ distance + observer + ObsPair:distance + RC15 + Bft
5313.955

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC30 866.735 ~ distance + observer + ObsPair:distance

5314.084

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC60 + size 866.787 ~ distance + observer + ObsPair:observer + distance:Bft
5314.116 ~ distance + observer + ObsPair:distance + RC15 + size +
hazard rate ~ObsPair + ObsPair:Bft + Bft + GlareAng:Glarelnt:RC30 866.900 GlareAng:Glarelnt + Glarelnt

PO 1



Appendix C: Distance Sampling and Mark-Recapture Models

5314.116 ~ distance + observer + ObsPair:observer + distance:Bft +
hazard rate ~ObsPair + ObsPair:Bft + GlareAng:Glarelnt:RC30 867.054 RC15 + Bft

5314.122

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + size + Bft 867.450 ~observer + distance:Bft + ObsPair:observer

5314.122 ~ distance + observer + ObsPair:distance + RC15 + size +
half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + Bft + size 867.509 GlareAng:Glarelnt + GlareAng

5315.213

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC15 867.652 ~ distance + observer + ObsPair:distance + RC30 + size
5315.303

half-normal ~ObsPair + GlareAng:Glarelnt + GlareAng + RC45 + Bft + size 867.765 ~ distance + observer + ObsPair:distance + RC45 + size
5315.469

hazard rate ~ObsPair + ObsPair:Bft + GlareAng:Glarelnt:RC30 + GlareAng 868.098 ~ distance + observer + ObsPair:distance + Bft

5315.469 ~ObsPair + ObsPair:Bft + Bft + GlareAng:Glarelnt:RC30 + ~ distance + observer + ObsPair:distance + RC15 + size +
hazard rate GlareAng 868.105 GlareAng:Glarelnt + Glarelnt + GlareAng

5315.632 ~ObsPair + ObsPair:Bft + Bft + GlareAng:Glarelnt:RC30 + RC30

hazard rate + Glarelnt 868.464 ~ distance + observer + ObsPair:distance + GlareAng

1) distance = horizontal distance, GlareAng = glare coverage angle, Glarelnt = glare intensity, observer = primary/secondary observer, ObsPair = pairing of
individual observers on same side of aircraft, size = group size, Bft = Beaufort seastate, RCxx = rolling count for the number of observation recorded within the
XX seconds prior to an observation and summed for both observers in a pairing.
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APPENDIX D 1663724-353-R-Rev0
Leg 2 Relative Abundance of Marine Mammals

Relative Abundance of Marine Mammals in Eclipse Sound and Admiralty Inlet Grids

Marine mammal relative abundance was calculated and expressed as number of animals/km, as outlined in
Section 2.4.2 of the report. In 2021 a total of 2,984.38 km of effort (2,352.08 km during visual surveys and
632.30 km during photographic surveys) was flown over one completed survey (Survey 4) in Eclipse Sound and
Admiralty Inlet grids. The relative abundance of marine mammals in the Eclipse Sound and Admiralty Inlet grids
for Survey 4, expressed as the animal detection rate (no. of animals relative to survey effort in km), are shown in
Tables 1 and 2.

Eclipse Sound Grid: Narwhal had the highest relative abundance (0.33 animals/km) of all the marine mammal
species identified to the species level, followed by ringed seal, harp seal, bowhead whale, and then polar bear
(Table 1). Unidentified seals had the fourth highest relative abundance of 0.03 animals/km in the Eclipse Sound
grid.

Admiralty Inlet Grid: Narwhal had the highest relative abundance (11.65 animals/km) of all the marine mammal
species identified to the species level, followed by harp seal, ringed seal, bowhead whale, and then killer whale
(Table 2). Unidentified seals had the third highest relative abundance of 0.17 animals/km in the Admiralty Inlet
grid.

Table 1: Sighting and Animal Detection Rate (Relative Abundance) of Marine Mammals in Eclipse Sound Grid during

Visual Surve Photographic Combined Visual and
y Survey Photographic Survey

Leg 2, Survey 4.

No. of Animal Detection Rate
Species No. of Sightings Animals Surface Count (animals/km)
Narwhal 12 47 467 0.3270
Bowhead Whale 1 1 0 0.0006
Killer Whale 0 0 0 0.0000
Unidentified Whale 0 0 0 0.0000
Ringed Seal 77 85 - 0.0702
Harp Seal 2 40 - 0.0331
Unidentified Seal 31 35 - 0.0289
Polar Bear 1 1 0 0.0006

Table 2: Sighting and Animal Detection Rate (Relative Abundance) of Marine Mammals in Admiralty Inlet Grid during
Leg 2, Survey 4.

Wizl STy Photographic Combined V.isual and

Survey Photographic Survey

No. of No. of Animal Detection Rate

Species Sightings Animals Surface Count (animals/km)

Narwhal 152 309 16,457 11.6507
Bowhead Whale 5 7 65 0.0510
Killer Whale 1 12 0 0.0085
Unidentified Whale 1 2 0 0.0014
Ringed Seal 90 105 — 0.0920
Harp Seal 43 1,078 - 0.9441
Unidentified Seal 167 195 - 0.1708
Polar Bear 0 0 0 0.0000
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Comparison with 2020 and 2019 MMASP

The relative abundance for this section was calculated based on data collected for Survey 4 in 2021, Surveys
1 and 3 in the 2020 MMASP and Surveys 3 and 4 in the 2019 MMASP because these surveys had complete grid
coverage of the combined survey grids in good sighting conditions.

Eclipse Sound Grid: The relative abundance of marine mammals in the RSA was lower in 2021

(0.43 animals/km) compared to that observed in 2020 (1.05 animals/km) and 2019 (1.74 animals/km; Table 3).
Narwhal relative abundance in 2021 (0.33 animals/km) was 2 times smaller than that seen in

2020 (0.77 animals/km) and five times smaller than that seen in 2019 (1.64 animals/km). Ringed seal relative
abundance in 2021 (0.07 animals/km) was similar to that seen in 2020 (0.07 animals/km) (Table 3). Harp seals
were observed in lower relative abundance in 2021 compared to 2020 and 2019. It should be noted that the seal
data should be interpreted with caution due to the difficulty of observing and identifying seals at survey altitudes of
305 m (1,000 ft) above sea level (ASL), especially as sea states increase.

Admiralty Inlet Grid: The relative abundance of marine mammals in the Admiralty Inlet grid was higher in 2021
(12.69 animals/km) to that observed in 2020 (3.37 animals/km) and in 2019 (4.89 animals/km; Table 3). Much of
this increase in abundance can be attributed to the higher number of narwhal observed in 2021. Narwhal relative
abundance in 2021 (11.65 animals/km) was three to five times higher than that observed in 2020 and

2019 (2.07 animals/km and 3.44 animals/km, respectively). Ringed seals and harp seals were observed in higher
relative abundance in 2021 compared to 2020 and 2019 (Table 3). Unidentified seals were observed in lower
relative abundance in 2021 compared to 2020 and 2019.

Table 3: Relative Abundance of Marine Mammals in Eclipse Sound and Admiralty Inlet survey grids during Leg 2 in
2019, 2020 and 2021.

Eclipse Sound Grid \ Admiralty Inlet Grid
2019 (animals/ 2020 (animals/ 2021 (animals/ | 2019 (animals/ 2020 (animals/ 2021 (animals/

Species km) km) km) km) km) km)
Narwhal 1.6396 0.7682 0.3270 3.4363 2.0704 11.6507
Bowhead 0.0003 0.0003 0.0006 0.0313 0.0087 0.0510
Whale
Killer 0.0010 0.0045 0.0000 0.0000 0.0000 0.0085
Whale
Sperm 0.0000 0.0016 0.0000 0.0000 0.0000 0.0000
Whale
Unidentifi 0.0000 0.0006 0.0000 0.0000 0.0012 0.0014
ed Whale
F;;”jed 0.0047 0.0736 0.0702 0.0122 0.0830 0.0920
Harp Seal 0.0527 0.0448 0.0331 0.1495 0.3685 0.9441
gzglrde‘j 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000
ggglded 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000
Unidentifi

0.0574 0.1829 0.0289 1.2938 0.9286 0.1708
ed Seal
Polar
Boar 0.0000 0.0000 0.0006 0.0000 0.0032 0.0000
Total 1.7396 1.0490 0.4301 4.8911 3.3705 12.6872
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TECHNICAL MEMORANDUM

DATE 26 October 2022 Reference No. 1663724-406-TM-Rev0-49000
TO Lou Kamermans, Senior Director of Sustainable Development
Baffinland Iron Mines Corporation
CcC Lauren Corlett, Sustainability Specialist, BIMC
FROM  Patrick Abgrall EMAIL pabgrall@golder.com

PROPORTION OF IMMATURE NARWHAL (EARLY WARNING INDICATOR) IN ECLIPSE SOUND AND
ADMIRALTY INLET BASED ON 2020/2021 AERIAL SURVEY IMAGERY

Photographic aerial survey imagery collected at 305 m (1,000 ft) altitude during the 2020 and 2021 open-water
seasons was analysed to evaluate the proportion of immature narwhal (calves and yearlings) relative to the
observed population (i.e., Early Warning Indicator or EWI) within the Eclipse Sound and Admiralty Inlet narwhal
summering ground areas. The present report summarizes the results of this EWI analysis with a comparison
provided to analogous EWI results derived from 2014/2015 aerial surveys in Eclipse Sound (Moulton et al. 2019),
and to EWI results recorded by shore-based observers in 2020/2021 as part of the Bruce Head Shore-based
Monitoring Program in Milne Inlet. This work was completed in support of the Mary River Project (the Project), an
operating iron ore mine owned by Baffinland Iron Mines Corporation (Baffinland) and located in the Qikigtani
Region of Baffin Island, Nunavut.

1.0 INTRODUCTION

Baffinland has developed a number of indicators in support of the Project aimed at the rapid identification of
adverse impacts on narwhal along the Northern Shipping Route, consistent with requirements outlined in Project
Certificate (PC) Condition No. 110 and 112. Many of these indicators, monitored across multiple monitoring
programs, are suitable for the purpose of early detection of adverse effects on narwhal (i.e., early warning
indicators or EWI) resulting from Project and/or other contributing factors in the marine environment. Of these,
one indicator has been formally identified as the EWI for narwhal, based on consolidated input from members of
the Marine Environmental Working Group (MEWG) since 2018. This EWI is defined 