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1. Upstream migration of Arctic Char in the Five Mile Inlet system was monitored to establish a
benchmark population status. In all, 189 Arctic Char were enumerated at the counting fence between
August 12 and September 7, 2018, and 57 were sampled at random during that period to characterize
various biological parameters.

2. Following a flood that swept away the counting fence during the night of September 7 to 8, terminating
the upstream migration survey in the Five Mile Inlet system, additional sampling was carried out in
the systems connecting to Ipikituk Lake (n = 24) and Saputaliuk Lake (n = 20). This was done by
accompanying Inuit community members to their family fishing camp.

3. The Fulton’s condition factor (K) for the Arctic Char sampled in the Five Mile Inlet system is considered
to be good, with a value (+ standard deviation) of 1.13 + 0.10 for the sample analyzed (n = 57). It is
also considered to be good in the Ipikituk (K = 1.16 + 0.10, n = 22) and Saputaliuk (K = 1.14 + 0.07,
n = 17) systems.

4. The percentage of current-year spawners among sampled Arctic Char in the Five Mile Inlet system
was very low, with no females (0 %, n = 27) and only 6.6 % of males (n = 30) having mature gonads.
These values were also low for Ipikituk (females: 0 %, n = 11; males: 15 %, n = 13) and Saputaliuk
(females: 0 %, n = 12; males: 0 %, n = 5).

5. The deduced total annual mortality based on age structure data, for which the sample was small, was
estimated at 81.8 % for Arctic Char in the Five Mile Inlet system, with a 95% confidence interval of
[62.6; 94.0]. This value is considered very high compared to those of other Arctic Char populations.

6. Mercury concentrations (Hg) in Arctic Char sampled in the Five Mile Inlet system were below the
0.5 mg/kg threshold set by Health Canada, suggesting that mercury contamination is not an obstacle
to the consumption of anadromous Arctic Char in this sector.

Ministére des Foréts, de la Faune et des Parcs 4



Establishing a benchmark population status for Arctic Char in the Five Mile Inlet system, Inukjuak, 2018

1. LY¥BSCDAS CP50° Ab5AS 5-TcT* CPa'T b ST b>ANSC>HCo M AP<INC>>LC P2 o b P <1d-oNe
Arda*C oA oM. Ad*acLN?, 189-3U¥S ABAS a >0 dSC>D>VLC PPC><AN® PYPdc<InL<l
APANE <ID>YJP 12-T€ YDA 7-19, 2018-T, <L Coda LS 57-3U¥C a.50°drSC>AN® b>AC>AN- Ctdao
acc<oP>N5d oA DT a >0 CH>P<LANE AN D o BEI>NCC>ANE,

2. Breddc AdCD>P>YLC PPPICNE PYPA<nrLY® IR DL Ao D> 0°dS PNAN 7-TC- 8-1F, PP Pa>®
Oo%bNCPPLE LY <-c<No® DBBrPCPY® Cllo 5-Tc* CPoc'l b, bbrhndccc PSLC
aoo*d AN Cllo NPEANS AAPCDIS CPSIC (n = 24) <'Lo “N>CeP< G o< (n= 20). Clea
Aa/<SCD>J*a > A pa® AbYNDAN® ba o< Acl 6% AbOULABCD o LGaDAT.

3. &<C* (Fulton's) oAc™Lo*Ma® B>MAL (K) ADBOAS B>ANCH> >IN 5-1ct CPocT b ST
APLPYD>CD>5>C ADINYD>SANE, <DNBP<IPN<D a0 dCe0° AL® (+ standard deviation <I>con 6 CC <)
ATDI 1.13 + 0.10 B>AN>NoS @ 5>0C>AN® (1= 57). AALPYD D> 5 ADIRAYD>ANE APAPSD< CP*o (K =
1.16 £ 0.10, n = 22) <.LL N>CcP>< CY*o (K= 1.14 £ 0.07, n = 17) B>PN>NBAN®.

4, Cbd<d OGN BANSCDPLMNIS ARAYSCPLYC B>ANC> D A5 AS C'llo 5-1c* CPac'T b1sAl
<L <L DLAPP>C <aHChe ML (0 %, n=27) <'Lo PP<o 6.6 % IUYNC b B>fo (n= 30) APA*LYc®
bVYP e Do, CLILCD>* Q<< DL> >SS APAPIN CPT (La DA% 0%, n= 11, IUYN 15 %, n =
13) <L S>C'T CYT (<SaoAS: 0 %, n= 12; <UN<: 0 %, n = 5).

5. AALPYDNS bNSAPS QSCJell D¥*LADN® <AdoD o Meg® bN®ACDILYS, CL*d<d B>MPN>YE [PYo>M oF,
A'LB>ACDILSS AT-H<IDM® 81.8 % AB5AS 5-TcT b ST oLbCo*MS, Acb N5 95% deSorLio®
B>AD>Na® [62.6; 94.0]. CLEAL IDNSa-*L AALPY>S% IDNBLADAY> Ao B>EONM SN A 5<Ae® < Mea®
B>MSC>HCPLYE Moo,

6. JdnHSo>MS AALPSME (Hg) Ao Ao BANPCDPLYC C'lo 5-1cT CPo'T b AT ACa < >>C 0.5 mg/kg
APLPYD>PLYGC baCl bolba ™ <Denttd oS, ALMY>SC IdnCLoc <A<PC>LE MDA Cldao
B>MECDPLYo AS<IEDAS ABHAS Cllo B>ANCCDPLIC A<lo.

Ministére des Foréts, de la Faune et des Parcs 5



Establishing a benchmark population status for Arctic Char in the Five Mile Inlet system, Inukjuak, 2018

Thanks to a financial agreement between the Société du Plan Nord and the Ministére des Foréts, de la
Faune et des Parcs (MFFP), a number of projects have been carried out in several regions in the area
covered by the Plan Nord (Cbte-Nord, Saguenay—Lac-Saint-Jean and Nord-du-Québec) to prepare
benchmark population status reports for fish species and habitats. As the Arctic Char (Salvelinus alpinus)
Is important to Inuit communities, most benchmark population status studies in Nunavik have focused on
this species and its associated habitats, although some other species have also been taken into
consideration.

The general objective of the project was to gather information on anadromous Arctic Char in the Five
Mile Inlet system found north of the Inukjuak community.

The specific objectives were to acquire information on the Arctic Char population in the Five Mile Inlet
system during the upstream migration period by:

- Using a counting fence to estimate the size of the anadromous Arctic Char population and
describe the phenology of the upstream migration.

- Characterizing a random sample of the Arctic Char population by establishing its age and
obtaining morphometric measurements and other biological parameters.

- Assessing concentrations of mercury (Hg) and other contaminants in the sampled fish.

Ministére des Foréts, de la Faune et des Parcs 6
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Materials and Methods

Counting fence

A temporary counting fence (Figure 1) was installed on the river flowing into Five Mile Inlet (connected to
Hudson Bay) and was operational from August 12 to September 7, 2018. This V-shaped installation was
used to guide fish into a holding cage, the mesh size of which was chosen to avoid the possibility of fish
becoming entangled. The two fence wings were composed of tripods made of steel pipes measuring 6
and 9 feet in length, with a 1 square inch diameter grid to prevent fish from swimming through. The
holding cage was used to count the number of migrating Arctic Char and fish of other species. The holding
cage (Figure 1), which measured 8 feet (length) by 4 feet (width) by 5 feet (height), with 1 % inch meshing,
was visited several times per day, usually every hour or every two hours, to check whether Arctic Char
or other species had been caught. A thermograph was installed at the bottom of the holding cage to
record the water temperature on an hourly basis throughout the monitoring period.

Figure 1. Counting fence and holding cage used to monitor Arctic Char during its upstream migration in
August and September 2018 in the Five Mile Inlet system north of Inukjuak, Nunavik.
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The fish caught in the holding cage were identified to species and their fork length was measured with a
rule (£ 1 mm) fixed on a wooden board, directly in the cage (Figure 2). Most were then released upstream
of the fence so that they could continue their migration. Some specimens were sacrificed at random to
take morphometric measurements and collect samples. The cage was visited for the last time on the
morning of September 7. At that stage the water level in the river was too high for the operation to
continue. The cage doors were left open to allow the fish to circulate freely, and the entire counting fence
installation was swept away by a flooding event during the night of September 7 to 8. The team recovered
all the equipment and dismantle the temporary camp, thereby terminating the work at the site.

e 3] e L= \‘ \
r ey — = -
’J o wl L 2 ""N,! J B — =
F - | - £
= e e - - l !— = e
e Lo rzEse Ll
f“ 7 ',i / - ""7";‘ ‘37,_\ - T =
= === ofs — S =
'?‘?Ima;’“ 4 S ==
Ty N o g e | ) |
a2 it P G R
T foae e i
3 '&: o e .

‘ e
= L
i oad ’( ? “_§A‘

; ,~,,_/.)‘ ée‘\‘“\

\

1 |
N

\

Figure 2. Measuring the fork length of a Brook Char (Salvelinus fontinalis) in the holding cage before
releasing it upstream of the counting fence in the Five Mile Inlet system, north of Inukjuak.

The team then asked for help from members of the Inukjuak community to increase the size of the Arctic
Char sample in the area. Following discussions with Pauloosie Kasudluak, he proposed to sample
igaluppik with gill nets at his family camp located north of Five Mile Inlet (Figure 3). From September 11
to 13, two teams each composed of two members of the Inukjuak community fished using 4 ¥ inch
(102 mm) gill nets at two sites located near Pauloosie Kasudluak’s camp, namely: 1) the Ipikituk Lake
discharge (Pauloosie and Eric Kasudluak, Figure 4); and 2) the Saputaliuk Lake discharge (George
Kasudluak and Dania Ohaituk). Jonathan Frenette and Julien Mainguy from the MFFP accompanied the
teams to help install the nets and were then responsible for sampling the captured Arctic Char. In all, 44
Arctic Char were caught on September 12 and 13, 24 in the Ipikituk system and 20 in the Saputaliuk
system. Of these fish, five (two from Ipikituk and three from Saputaliuk) were partially consumed by
seagulls when they were trapped in the nets and were only partially sampled as a result (e.g. mass could
not be used to calculate a condition factor).
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Figure 3. Map showing the location of the Inukjuak community, the Five Mile Inlet site where a temporary
counting fence and camp were installed by the Ministére des Foréts, de la Faune et des Parcs, and the
Ipikituk and Saputaliuk sites where gill net fishing was carried out with assistance from members of the
Inukjuak community to harvest additional fish.

Figure 4. Pauloosie Kasudluak’s boat at the mouth of the Ipikituk system, north of Inukjuak, near the gill
net fishing location.
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Measurements and samples

All the Arctic Char that were randomly sacrificed from the holding cage were taken to a temporary
laboratory set up near the river, where they were measured and weighed, and samples were collected
(Figure 5). The fish taken from the Ipikituk and Saputaliuk systems were processed in an improvised
“laboratory” at Pauloosie Kasudluak’s camp, or back in the village of Inukjuak.

Adipose (genetics)

36
90 91 92 83 34 35

Figure 5. An anadromous Arctic Char taken from the holding cage, prior to autopsy. The fork length was
measured and the specimen was weighed before samples were taken and gender was determined by
opening the abdominal cavity.

For the sampled fish, fork length was measured using a ruler (x 1 mm; Figure 5) and mass was measured
using an electronic scale (O’Haus, Valor 3000 model, £ 0.1 g). The abdominal cavity of each fish was
then opened using round-ended scissors. This was done by cutting from the urogenital opening to the
base of the operculum to first determine gender. Gonad status was then classified as mature or immature
(i.e. mature if the gonads were fully developed, and immature in all other cases). Stomach contents were
described and categorized as either insects, small fish or crustaceans. Some stomach samples were
preserved in 95% ethanol for more detailed analysis at the MFFP’s central laboratory. The adipose fin
was harvested and preserved in 95% ethanol for genetic analysis in collaboration with Laval University
(at Jean-Sébastien Moore’s laboratory). A muscle sample (= 100-200 g) was then taken laterally, behind
the dorsal fin, and was placed in a thick, inner plastic Ziploc™ bag before being inserted into a second,
outer plastic bag into which an identification label was also placed. The samples were frozen (—18 °C) for
subsequent contaminant analyses by the Ministere de I'Environnement et de la Lutte contre les
changements climatiques (MELCC), performed according to specimen size (Table 1). The muscle
samples were examined individually for mercury (Hg), and some specimens were combined (i.e., as
homogenate) and examined for other contaminants. Other types of samples were also taken for research
use by academic or federal partners (see Appendix 1).
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Table 1. Length classes (mm and inch equivalence) used for contaminant analysis by the MELCC (2017).
Fork length was used for length classification assignments.*

Small Medium Large

300-449 mm 450-549 mm 2 550 mm

11 %-17 % in. 17 %4-21 % in. 221%in.

* The thresholds used for length classification were reviewed to reflect the size variability among anadromous Arctic
Char (S. a. erythrinus) in Nunavik. In the past, the MELCC used the size classifications adopted for S. a. oquassa,
(i.e. inland, non-anadromous Arctic Char): 150-300 mm for “Small”, 301-400 mm for “Medium” and over 400 mm
for “Large”. The oquassa thresholds were thus used in previous reports for the Aupaluk and Tasiujag communities
(Mainguy and Beaupré, 2019a, b), but to better reflect the large size of anadromous Arctic Char, they have been
modified.

The age of the sampled fish was calculated by analyzing the otolith structure in a laboratory, using a
binocular microscope. Independent readings by two wildlife technicians allowed to determine the age
with a high level of certainty.

All the sacrificed fish were given to community members after measurements and samples had been
taken, as agreed with the Hunting, Fishing and Trapping Coordinating Committee (HFTCC), and with the
Northern Village, the Pituvik Landholding Corporation and the Inukjuak LNUK.
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Fulton’s factor (K) was used to calculate the length-weight relationship of the sampled fish. It is described
by means of the following equation (Neumann et al., 2012):

K = (M/L®) x 100 000
where

M: mass (9)
L: length (mm)

Fork length was chosen to calculate the condition factor, because it has been used in almost every other
study of Arctic Char, thereby allowing for more valid comparisons with other populations. Generally, in
Arctic Char, body condition is considered to be “good” when K > 1, “acceptable” when K ~ 1 and “poor”
when K < 1.

The age of the fish sacrificed at random in the counting fence holding cage (n = 57), determined
individually from the otoliths, was used to establish an age structure from which an annual mortality rate
was estimated (Miranda and Bettoli, 2007). To do this, we used four total annual mortality estimation
methods, namely those proposed by Chapman and Robson (1960), Smith et al. (2012), Nelson (2019),
and Mainguy and Moral (2021). The estimates for the first three methods were obtained using the
fishmethods R package and its agesurv () function, while a generalized linear model (GLM) with a
Poisson distribution was used to determine the dispersion of the age-frequency data before estimating
mortality using the method proposed by Mainguy and Moral (2021). In all cases, we followed the
recommendation by Smith et al. (2012) to use the “Peak Plus” criterion, i.e. using the age class after the
“Peak” (i.e. the most frequent age class) as the starting point for mortality estimates.
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Installation of the counting fence was completed on August 12, the date at which the upstream migration
monitoring operations began. The fence remained functional until the morning of September 7, when it
was decided to abandon operations due to a flooding incident that destroyed the counting fence
overnight. In all, 189 anadromous Arctic Char were captured in the holding cage during the monitoring
period, with a peak in captures on August 28 (Figure 6).

Brook trout (S. fontinalis), round whitefish (Prosopium cylindraceum), lake whitefish (Coregonus
clupeaformis), lake trout (S. naymachus) and lake herring (Cisco sp.) were all captured in the holding
cage during the period in which the counting fence was operational (Figure 7, Table 2). Some smaller
lake whitefish may have been however classified erroneously as lake herring (and vice-versa), meaning
that the data on lake herring and, to a lesser extent, lake whitefish, should be interpreted with caution. In
addition, a certain number of smaller round whitefish unfortunately became trapped in the counting fence,
causing occasional mortality among this species.

The observed variations in water temperature values recorded in the holding cage are presented in
Figure 8. Water temperatures decreased over the period, and this coincided with an increase in the
number of Arctic Char caught at the fence (Figure 6).
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Figure 6. Number of anadromous Arctic Char monitored on a daily basis at the counting fence on the river flowing into Five Mile Inlet, at Inukjuak,
in Nunavik, from August 12 (x-axis = ao(t) to September 7, 2018. The data for August 12 and September 7 (white circles) are incomplete because

the counting fence was not operational for the whole day on those dates.
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Figure 7. Daily counts of specimens of species other than anadromous Arctic Char observed at the counting fence on the river flowing into Five
Mile Inlet at Inukjuak, in Nunavik, from August 12 (x-axis: ao(t) to September 6, 2018. Brook trout (blue), round whitefish (orange), lake whitefish
(green) and lake trout (red) were all observed.
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Figure 8. Variations in the water temperature of the river flowing into Five Mile Inlet at the counting fence north of Inukjuak, from August 15 (x-
axis = ao(t) to September 7, 2018. The circles show water temperatures measured hourly (n = 24/day) using a Tidbit v2 thermograph (x 0.2 °C).
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The average fork length (x standard deviation) for all the Arctic Char enumerated at the counting fence
(n = 189), including those that were released back into the water (n = 130), those that died in the holding
cage (n = 2) and those that were harvested for sampling (n = 57), was 380 + 60 mm. Lengths varied from
196 to 615 mm. Fork length frequency distribution is shown in Figure 9 for all Arctic Char captured at the
counting fence and for the sacrificed subsample. Specimens = 600 mm accounted for < 1% of the Arctic
Char recorded at the counting fence (1 out of 189). At Ipikituk, the average fork length was 461 + 59 mm
(range: 320-551 mm, n = 24), while at Saputaliuk, the average was 449 + 55 mm (range: 358-562 mm, n
= 20). In other words, no fish measuring =2 600 mm were caught at these two sites located north of Five
Mile Inlet, reducing the percentage of large specimens to 0.43% for the combined three sites. Generally,
the specimens measured at the counting fence were smaller than those caught in Ipikituk (-81 mm) and
Saputaliuk (=69 mm). Sampling at these two more northerly sites took place over only two days,
compared to almost a month at Five Mile Inlet. In addition, the gill nets used at Ipikituk and Saputaliuk
targeted medium to large fish, and may have been responsible for some of the size difference. For the
other species caught at the Five Mile Inlet counting fence, fork length measurements are described in
Table 2.

Tableau 2. Fork length (average length + sd) for species other than Arctic Char caught at the counting fence
in August and September 2018, at Inukjuak, in Nunavik. Fork length range [minimum, maximum] and sample
size (n) are also shown for each species.

Species Length (mm)

Brook trout 336 £60[184-481] (107)
Round whitefish 334 £ 48 [214-446] (104)
Lake whitefish 328 + 27 [234-373]  (30)

Lake trout 382 £ 75 [272-495] (6)
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Figure 9. Fork length relative frequency distribution according to 50 mm classes, for anadromous Arctic
Char caught in the holding cage at the counting fence on the river flowing into Five Mile Inlet, at Inukjuak,
in Nunavik, from August 12 to September 7, 2018. The total number of Arctic Char measured (n = 189) is
shown in black, and those sampled out of these (n =57) is shown in grey.
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Arctic Char — condition factor

The condition factor (K) for Arctic Char from the monitored river in the Five Mile Inlet system had a mean
of 1.13+0.10 (range: 0.91 to 1.37). In addition, seven of 58 specimens (12 %) at this site had an individual
K < 1. In the Ipikituk system, the average value of K was 1.16 + 0.10 (range: 0.93 to 1.37) and only two
individuals out of 22 (9 %) had a K < 1. Lastly, in the Saputaliuk system, the mean for K was 1.14 + 0.07
with a range of 1.04 to 1.24 and none of the fish (0 %) in this sector had a K < 1. Overall, for the
anadromous Arctic Char caught at the three sites, K was 1.14 + 0.10.

Sex ratio and gonad maturity

The overall sex ratio for Arctic Char sampled at the three study sites (number of females [F] per male
[M]) was 1.04:1. At Five Mile Inlet, it was 0.90:1 (n = 57), while at Ipikituk it was 0.85:1 (n = 24) and at
Saputaliuk 2.40:1 (n = 17).

Out of the 98 Arctic Char (50 F, 48 M) analyzed in the laboratory, four (4.1 %) had mature gonads and
all were male. Gonad maturity among females (Figure 10) was therefore zero (0 %), and among males it
was low (8.3 %). Of the males with mature gonads, one was 4 years of age and the other three were 5
years of age. Limiting the descriptive statistics to fish aged = 4 years, 9.5% (n = 42) of the males had
mature gonads. Two of the males with mature gonads were from Five Mile Inlet and the other two were
from Ipikituk.

Figure 10. Female Artric Char sampled at Aupaluk in 2016 with mature gonads (current-year spawner) and
non-developed gonads (right). From Mainguy and Beaupré (2019a).
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Figure 11. Age structure of Arctic Char sampled at the counting fence on the river flowing into Five Mile
Inlet. The age classes recruited entirely by means of fishing equipment are shown in grey (i.e., the mode),
and those partially recruited by means of fishing equipment are shown in white.

According to the methods proposed by Chapman and Robson (1960), Smith et al. (2012) and Nelson
(2019) using the “Peak Plus” criterion, total annual mortality is 80.9%, 78.0% and 81.8% based on Figure
11, respectively. The approach proposed by Mainguy and Moral (2021) estimates mortality at 81.8% with
a confidence interval of 95 % [62.6; 94.0]. Using the “Peak” criterion instead — i.e. including the 4-year-
old age class leads to lower mortality rates, although still relatively high at 67.6%, 66.7%, 68.1% and
68.1% respectively.

It was impossible to estimate the annual mortality rate for the Ipikituk and Saputaliuk sites because the
sample size was too small and the equipment used targeted fish of similar sizes (i.e. approximately the
same age).
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In all, 58 Arctic Char (57 sacrificed at random + 1 that died in the holding cage) were examined individually
for mercury (Hg) concentrations. Average mercury concentrations ranged from 0.06 to 0.10 mg/kg in the
river flowing into Five Mile Inlet, depending on length class (Table 3). No muscle samples were taken
from the Arctic Char caught at Ipikituk or Saputaliuk, because the fish were kept whole by the Inuit
fishermen.

Eighteen other contaminants (metals) were analyzed and the concentration levels obtained are shown in
Table 4. The values for these other contaminants were obtained from homogenates of ten fish combined
by length class as shown in Table 1, except for the “Large” length class, where only one specimen was
caught. In all cases, a single value is shown per homogenate.

Tableau 3. Mercury concentrations (Hg; mean £ sd) in Arctic Char sampled in the Five Mile Inlet system
north of Inukjuak in the summer of 2018, by length class.

Length Hg (mg/kg)  n

Small 006+0.06 49
Medium 0.10 +0.14 8
Large 0.07 1

1 Length classes are shown in Table 1.
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Tableau 4. Contaminant concentrations?! (mg/kg) in Arctic Char during upstream migration in the Five Mile Inlet system north of Inukjuak, in 2018.
One value is shown per length class and is obtained from a homogenate of 1 to 10 fish for each length class.

Length

czlass n Al As Ba Cd Cr Co Cu Fe Mn Mo Ni Pb Se Sr Tl ] \ Zn
Small 10 <0.5 1.6 0.036 < 0,02 <0.007 0.004 0.51 4.2 0.06 0.002 <0.006 <0.002 0.43 0.25 0.001 <0.001 <0.02 4.6
Small 10 <05 1.3 0.028 <0,02 0.008 0.005 0.48 3.3 0.05 0.002 <0.006 <0.002 0.43 0.07 0.001 <0.001 <0.02 4.6
Medium 3 10 <05 1.6 0.013 <0,02 0.008 0.004 0.50 3.7 0.05 0.002 0.011 <0.002 0.42 0.08 0.001 <0.001 <0.02 4.8
Large 1 <05 15 <0.006 <0,02 <0.007 0.002 0.40 3.0 0.04 0.002 <0.006 <0.002 0.44 <0.07 0.001 <0.001 <0.02 4.3

1 Al Aluminium; As : Arsenic; Ba : Barium; Ca : Cadmium; Cr: Chrome; Co : Cobalt; Cu : Copper; Fe : Iron; Ma : Magnesium; Mo : Molybdenum; Ni : Nickel; Pb : Lead; Se : Selenium; Sr:
Strontium; Tl : Thallium; U : Uranium; V : Vanadium; Zn : Zinc.

2 See Table 1 for details of length classes.

3 To obtain a homogenate of 10 fish for the “Medium” length class (450-549 mm), two fish at the upper limit of the “Small” length class (300-449 mm) with fork lengths of 446 mm and 447 mm
respectively were included in the group by the MELCC's laboratory.



Establishing a benchmark population status for Arctic Char in the Five Mile Inlet system, Inukjuak, 2018

The monitoring of the upstream migration on one of the rivers linked to the Five Mile Inlet system
produced some useful data on the biology of Arctic Char found in this area. Although fragmentary, the
data provides a 2018 benchmark status in this sector for body condition, estimated annual mortality,
reproduction, and concentrations of certain contaminants including mercury. Given that the study took
place over a single summer and covered only part of the upstream migration period, the findings should
be regarded (at best) as a partial representation of the Arctic Char population in question. The information
presented here may prove to be useful if anthropic developments should take place in the future and
impact the river flowing into Five Mile Inlet. In addition, if the Inukjuak community eventually decides to
institute fishing management rules for the species, the data contained in this report could easily be
compared to future data to eventually verify the effects of those rules. In the following sections, the study’s
main findings in connection with the Five Mile Inlet Arctic Char population and, to a lesser extent, the
Ipikituk and Saputaliuk populations, are interpreted in light of the available knowledge and
documentation.

In all, 189 Arctic Char were enumerated between August 12 and September 7. More would have been
enumerated if 1) the counting fence had been in position from the beginning of the upstream migration
period, which sometimes starts as early as mid-July (Dempson and Green, 1985), and 2) if we had been
able to continue the monitoring until the end of the upstream migration, towards the end of September. It
was therefore not possible to establish the precise number of anadromous Arctic Char using the Five
Mile Inlet system in 2018, but the findings nevertheless suggest that the population is fairly small.
Regardless, the information collected at the counting fence and during the fishing expeditions in Ipikituk
and Saputaliuk was sufficient for us to establish some useful biological parameters, ranging from
condition factor to annual mortality estimates deduced from age structure data.

Most of the sampled fish exhibited condition factors ranging from “acceptable” to “good”. Overall, the
condition factor for sampled Arctic Char in the sector north of Inukjuak (K = 1.14) was similar to other
values published in the scientific literature for Canadian populations. For example, in Cambridge Bay
(Nunavut), Moore et al. (2016) reported an average K value of 1.02 = 0.14 for resident Arctic Char and
1.06 + 0.08 for non-residents. For the Hornaday River in Paulatuk (Northwest Territories), Harwood
(2009) reported an annual average K value of 1.24 (range: 1.15-1.38). In Nunavik, Boivin (1994) reported
a condition factor for Arctic Char caught in the Sapukkait system, north of the Kangigsualujjuaq
community, of 1.08 to 1.11 for the period 1990 to 1992. In 2016, the anadromous Arctic Char sampled in
the Red Dog River and Voltz River, near Aupaluk, and in Hopes Advance Bay, had an average K value
of 1.23 £ 0.15 (n = 228; Mainguy and Beaupré, 2019a), while in 2017 the Arctic Char in Aipparusik River
in Tasiujag exhibited an average K value of 1.28 + 0.19 (n = 73; Mainguy and Beaupré, 2019b). It is
therefore possible to conclude that the condition factor of Arctic Char sampled in the Inukjuak region was
generally similar to that of other Arctic Char populations in Nunavik and Nunavut. In light of these findings,
it is probable that most of the Arctic Char caught in the river flowing into the Five Mile Inlet system, and
those caught in Ipikituk and Saputaliuk, were able to obtain the resources they needed to maintain a
condition factor of over 1, even though the K average was slightly lower than that observed in Ungava
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Bay for Aupaluk in 2016 (Mainguy and Beaupré, 2019a) and Tasiujaq in 2017 (Mainguy and Beaupré,
2019b).

Very few of the Arctic Char sampled in Inukjuak were current-year spawners. Similar situations have also
been observed elsewhere in Nunavik. For example, Boivin (1994) reported that only 0.9% of the 1,839
Arctic Char sampled randomly at the counting fence in the Sapukkait system during upstream migration
between 1990 and 1992 had developed gonads. These data on reproduction suggest that Ungava Bay
Arctic Char may have a fairly long reproductive periodicity; in other words, most do not reproduce every
year. Moreover, most Arctic Char may not reproduce for the first time until they are 8 to 10 years old, as
reported by Boivin (1994) for Arctic Char in the Sapukkait and Sannirarsiq systems, north of
Kangiqgsualujuag. In Aupaluk in 2016, in the sample of Arctic Char 5 years of age or over, reproductively
ready fish accounted for 5.6 % of females and just 1.9 % of males (Mainguy and Beaupré, 2019a). In the
Tasiujaqg region, current-year spawners were all aged between 4 and 7 years and in the population
segment aged = 5 years, they accounted for 8.1% of females and 19.2% of males (Mainguy and Beaupré,
2019b). Of the Arctic Char sampled in Aipparusik River in Tasiujaq, for which it was possible to determine
their age (n = 80), only 3.8 % were = 8 years of age, whereas in Aupaluk in 2016, for comparison
purposes, the figure was 7.5 % (n = 280; Mainguy and Beaupré, 2019a, b). Lastly, in the Salluit area, the
age at which 50% of fish across both genders can be expected to have mature gonads was found to be
10 years (Mainguy and Beaupré, unpublished data). Although age at maturity is not known for Arctic Char
in Inukjuak due to the low number of reproductively ready fish sampled, it is likely to be the same as has
been observed elsewhere in Nunavik, i.e. between 5 and more probably 8 to 10 years of age. Therefore,
given the fairly high total annual estimated mortality rate, it is possible that an undetermined number of
Arctic Char of both genders are unable to survive long enough to attain maturity, which effectively reduces
the number of potential reproductive fish in the system.

As we mentioned earlier, we were only able to study part of the upstream migration period in the Five
Mile Inlet system. In Labrador, Dempson and Green (1985) reported that Arctic Char sometimes begin
their upstream migration in mid-July and that larger fish tend to begin earlier than smaller fish. A similar
observation was made for an Arctic Char population on an island in the Svalbard archipelago in Norway
(Gulseth and Nilssen, 2000). With this in mind, it is possible that some reproductively-ready fish passed
through the site before the counting fence was installed (August 12). If so, and we believe this may be
the case, the percentage of reproductive fish captured in the Five Mile Inlet system may be biased
downwards, and the estimated annual mortality rate may be biased upwards. Moreover, since it was not
possible to determine whether there are any major spawning grounds upstream of the system, it becomes
more probable that some Arctic Char may enter the system seeking a coastal lake in which to spend the
winter in freshwater, as the species’ biology requires, rather than seeking a spawning site. The fact that
two males with mature gonads were captured at our counting fence suggests that reproductive activities
may take place in the system under study, unless the fish concerned were simply exploring prior to fall
spawning. Given the broad range of life strategies that have been observed in this species in the past,
including differences in migratory tactics, it is therefore difficult to make informed observations without a
study covering at least one full summer, and ideally more than one (Gilbert et al., 2016).

In the Inukjuak Arctic Char population, the annual mortality rate of 68% to 82% is considered high and is
therefore of concern demographically. Compared to other populations fished in the Northern Canadian
communities, including the Hornaday River population in Paulatuk, Northwest Territories, where Arctic
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Char between 6 and 14 years of age had an total annual mortality rate of 53.8 % (range: 35.4% to 70.7 %
over 18 years, 1990-2007; Harwood, 2009), the value observed at Inukjuak is substantially higher. In the
Isuituq River near Pangnirtung on Baffin Island in Nunavut, Arctic Char between 11 and 21 years of age
had an annual average mortality rate of 34.5 % (range: 24 to 49% over six years, 2002-2006 and 2008;
DFO, 2010). In the Cumberland Sound region, also on Baffin Island in Nunavut, Moore (1975) estimated
that annual mortality was 16% with the highest values (25 to 30%) observed in fish that were between 10
and 15 to 17 years of age. In the Kuujjua River, on Victoria Island in the Northwest Territories, Harwood
et al. (2013) reported an annual average mortality rate of 45% (95% confidence interval: 42 to 48%) in
the period of 1992 to 2009. In Labrador, Dempson and Green (1987) estimated an annual mortality rate
of 44 to 49% in the Fraser River. In Nunavik, Boivin (1994) estimated an annual mortality rate of 28% in
1990 and 40% in 1992 in the Sapukkait system. In Aupaluk in 2016, the estimated annual mortality rate
in two rivers and in Hopes Advance Bay varied from 47 to 52% (Mainguy and Beaupré, 2019a), and was
of 50% in Tasiujaq (Mainguy and Beaupré, 2019b). These more recently observed values in the Ungava
Bay are well below those observed in Inukjuak in 2018. Power et al. (2008) reviewed the literature on
annual mortality rates among Arctic Char between 6 and 15 years of age in Canadian anadromous and
lacustrine populations. Their main finding was to the effect that, generally speaking, annual mortality rates
vary between 30 and 45%, although they also noted that some populations exhibit rates below 25%.

In light of all this information, it is clear that the Arctic Char north of Inukjuak fall into the higher portion of
the range for total annual mortality, a situation that may be interpreted as worrying for demographic
stability. However, as noted earlier, it is possible that some larger, and hence older, fish may have
migrated up the Five Mile Inlet system before the counting fence was installed, which would affect the
estimated rate. This scenario is likely, based on previous observations on the Fraser River at Nain in
Labrador (Dempson and Green, 1985). If this was in fact the case, it would create an upward bias for
mortality rates, since certain individuals over 6 to 8 years of age would not have been taken into account.
Based on our findings, which point towards a fairly high mortality rate, this important bio-demographic
parameter deserves to be studied in greater depth. The observations shared with us by fishers from the
Inukjuak community support the hypothesis of high mortality in this sector. The concerns expressed by
Inukjuak community members regarding declining harvests in recent years, combined with the smaller
size of Arctic Char caught in nets and the need to travel further from Inukjuak in order to find a sufficient
supply of Arctic Char, all suggest that the fairly high estimated mortality rate found in this study may be
an accurate reflection of the species’ biological situation in the Five Mile Inlet sector north of Inukjuak

Based on the MELCC laboratory findings, the Arctic Char taken from the Five Mile Inlet system exhibited
mercury concentration levels below the recommended Health Canada threshold (0.5 mg/kg), suggesting
at first glance that mercury contamination is not an obstacle to the consumption of Arctic Char in this
sector. However, it is important to note that, for questions concerning levels of mercury and other
contaminants in fish for human consumption, Inukjuak community members should still refer to their local,
provincial and federal health authorities. The concentration levels of contaminants listed in Table 4 are
provided for reference purposes only, in connection with the fish sampled in this study. Any attempt to
interpret these findings from a public health perspective should be undertaken only with expert
assistance.
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Generally speaking, the Arctic Char sampled north of the Inukjuak community exhibited a condition factor
ranging from “acceptable” to “good”, along with low mercury concentrations, both of which are interpreted
as good indicators of population health. However, the percentage of current-year spawners was zero for
females and very low for males, and no fish 8 years of age or over were caught at any of the three study
sites. In the Five Mile Inlet system, our study of age structure revealed an annual mortality rate of nearly
82%, although it was based on small sample size. According to Boivin (1994), Arctic Char in another
Ungava Bay system (Sapukkait) did not reach sexual maturity until they were 8 to 10 years of age. It is
therefore very probable that some Arctic Char die or are fished before their first reproductive experience,
thereby reducing the population’s reproductive potential.

The findings from this study suggest that the Arctic Char population north of Inukjuak may be in
demographic decline, a situation that could be explained by a high mortality rate and a low percentage
of fish reaching sexual maturity, resulting in poor recruitment. One way of allowing more fish to grow
sufficiently to reproduce at least once would be to consider the possibility of reducing the pressure from
fishing. If the number of gill nets used were to be reduced over time and space (e.g. by avoiding the
upstream migration period in certain sectors), more Arctic Char of both genders would be able to survive
long enough to attain sexual maturity and hence play a role in maintaining the population.

Given the long life cycle of the Arctic Char, which requires several years of growth in to first participate in
reproduction, and the low survival rate observed in this study, it is unlikely that this particular population
will be able to maintain its numbers or recover demographically. However, it is important to note that, in
the absence of long-term data, it is impossible to establish a clear benchmark either for the population
itself or for its demographic trends. The biological parameters documented in 2018 and the observations
reported by members of the community suggest that additional monitoring is needed to understand the
biological situation of the anadromous Arctic Char populations near Inukjuak.

If the Inukjuak community wishes to set up a monitoring program to be carried out and managed by its
members (e.g. the LNUK), it is encouraged to contact the representatives of the MFFP’s Direction de la
gestion de la faune du Nord-du-Québec. Contact information for the MFFP’s current respondents for
Arctic Char is as follows:

Véronique Nadeau, Biologist, B.Sc. Julien Mainguy, Biologist, Ph.D.

Direction de la gestion de la faune du Nord-du-Québec Direction de I'expertise sur la faune aquatique
Ministére des Foréts, de la Faune et des Parcs Ministére des Foréts, de la Faune et des Parcs
951, Boulevard Hamel 880, Chemin Sainte-Foy, 2¢ étage
Chibougamau (Québec) G8P 273 Québec (Québec) G1S 4X4

Telephone: 418 748-7701, ext. 252 Telephone: 418 627-8694, ext. 7531

Fax: 418 748-3338
julien.mainguy@mffp.gouv.qgc.ca

veronique.nadeau@mffp.gouv.gc.ca
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Photo: Jonathan Frenette

Aerial view of the camp and counting fence at the point where the freshwater riverine lake, in the
foreground, flows into the salt waters of Five Mile Inlet.
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Photo : Jonathan Frenette

Arctic Char caught in a gill net by Pauloosie and Eric (photo) Kasudluak in the Ipikituk system north of
Inukjuak, September 2018.
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1)

2)

3)

4)

5)

Toxoplasmosis: The brain, heart and a muscle samples were given to Health Canada (Brent
Dixon) for research into the protozoan Toxoplasma gondii.

Microbiota: A swab from the mucus covering the skin, gill arches, sections of the intestine and the
liver was harvested for research into the micro-organisms found in these tissues and organs, by
Université Laval (Nicolas Derome) as part of the BriGHT project (Bridging Global change, Inuit
Health and the Transforming Arctic Ocean).

Nutritional value: A muscle sample was given to Université Laval (Jean-Sébastien Moore) for
research into fatty acids and other elements found in Arctic char flesh, again as part of the BriGHT
project.

Genetics: An adipose fin sample, preserved in 95% ethanol, was given to Université Laval (Jean-
Sébastien Moore) for research into the genetic structure of Arctic char in Nunavik, since
published,* again as part of the BriGHT project.

Genetics: An adipose fin sample, preserved in 95% ethanol, was given to Fisheries and Oceans
Canada (lan Bradbury) for research into the structure of Arctic char in Nunatsiavut, Labrador.

* DALLAIRE, X., E. NORMANDEAU, J. MAINGUY, J.-E. TREMBLAY, L. BERNATCHEZ and J.-S.
MOORE (2021). “Genomic data support management of anadromous Arctic Char fisheries in Nunavik by
highlighting neutral and putatively adaptive genetic variation”, in Evolutionary Applications, vol. 14,
p.1880-1897.
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