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Abstract

We describe limnological data sets from Thores Lake, a large ice-contact proglacial lake in northern Ellesmere Island,
Nunavut (82.65°N), including longitudinal and cross transects (vertical resolution 0.03 m, horizontal resolution 100-200 m).
The lake is formed due to damming by Thores Glacier at its northwest margin, has multi-year ice cover and a cold (<1.54 °C)
fresh water column with a bottom layer of <0 °C, high-conductivity water in the deepest basin. Thores Lake is ultraoligotrophic,
with low nutrient and phytoplankton stocks. Accessory pigment data and metagenomics were used to describe the eukaryotic
microbial community. Diversity and taxonomic composition in the water column were homogeneous down to a depth of 40 m,
consistent with density profiles. Surface water at the glacier interface was characterized by high turbidity and total phospho-
rus concentrations, and a distinct phytoplankton community dominated by chlorophytes, whereas the lake water column had
higher relative abundances of chrysophytes and photosynthetic dinoflagellates. Thores Lake has a contracted pelagic food web,
with the highest trophic level occupied by phytoplankton-feeding rotifers, and no crustacean zooplankton; profiles showed
that omega-3 fatty acids (FAs) ranged from <1% (glacier interface) to 3.6% (central lake) of total seston FAs. Given the stability
of the Thores Glacier ice dam and the persistence of cold water capped by perennial ice, Thores Lake provides a baseline to

assess the impact of climate change on far northern lakes.
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Introduction

Lakes in the High Arctic can be viewed as sentinels of
regional and global climate change (Mueller et al. 2009). On
the northern coast of Ellesmere Island, Nunavut, Canada,
lakes are distinguished by multi-year ice cover and microbial-
dominated food webs (Vincent et al. 2011), but warming has
caused abrupt regime shifts in their ice cover, affecting
underwater light and water column mixing (Mueller et al.
2009; Bégin et al. 2021a). This steep, mountainous region
is glacierized over much of its surface, particularly at high
elevation, and experiences a cooling effect from thick sea ice
and marginal ice shelves to the north (Vincent and Mueller
2020). Regional trends have shown increasing air and ocean
temperatures since at least 1990 (White and Copland 2019;
Bégin et al. 2021a), but little is known about the impacts on
proglacial lakes.

Large-scale standardized limnological data sets (e.g.,
Filazzola et al. 2020) are increasingly recognized as im-
portant for evaluating the impact of human activities

Arctic Science 00: 1-14 (2023) | dx.doi.org/10.1139/as-2022-0023

on ecosystem health, and Arctic-specific databases have
compiled lake morphology and (or) water chemistry for
thousands to millions of lakes (e.g., Dranga et al. 2018;
Stolpmann et al. 2021; Sui et al. 2022). However, it is rare
to find depth-distributed data in such compilations. The
northern environmental data archive Nordicana (series D),
where this data set is archived, provides detailed profiling
and time series (e.g., NEIGE 2017) data for many lakes in
northern Canada, as well as compiled data for shallow waters
across the circumpolar North (Wauthy et al. 2017).

This article describes the first limnological data and other
environmental observations from Thores Lake, a proglacial
lake in northern Ellesmere Island. The lake is dammed by
the Thores Glacier that, unlike many glacial features in this
region, appears to have been fairly stable in its extent over
the past few decades (Kochtitzky et al. 2022). The data sets in-
clude physico-chemical profiles along transects, observations
of microbial plankton by pigment and molecular analysis,
and evaluation of zooplankton community and fatty acid (FA)
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Fig. 1. (A) Regional map and watershed of Thores Lake. The watershed contains eight glaciers, of which the largest is Thores
Glacier. Unglacierized areas appear grey-brown in this image. Image from Sentinel-2 satellite, 27 July 2021. (B) Aerial view
of glacier terminus into lake (photo by William Kochtitzky). Blue arrow shows glacier interface sampling site. (C) Sampling
locations on Thores Lake. Water column samples were collected through the lake ice. Black arrow shows water column sam-
pling location in 2018. Zooplankton sampling sites are marked with a “Z”. Nutrients, turbidity, and fatty acid water column
sampling sites are marked with an “N”. Photosynthetically active radiation sites are marked with a “P”. White arrows show
input streams into the lake. Satellite image from 3 August 2021, accessed from Planet Labs under the Education and Research

Program license (Planet Team 2017).
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composition. These data were collected as part of the Ter-
restrial Multidisciplinary Distributed Observatories for the
Study of the Arctic Connections project (T-MOSAIC; Vincent
et al. 2019), with the aim of providing a baseline data set for
assessing ongoing change in the fast-warming High Arctic.

Materials and methods

Study site
Thores Glacier and Thores Lake (82.65°N; 73.68°W) are lo-
cated 44 km inland from the Arctic Ocean, and 400 m above
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sea level. Thores River leaves the lake to the southeast, flow-
ing into Disraeli Fiord in the vicinity of the Disraeli Glacier
terminus. Satellite imagery shows that Thores Glacier covers
an area of 43 km? (Fig. 1A). It has experienced relatively little
change in extent since at least the Little Ice Age (Kochtitzky
et al. 2022).

Thores Lake has a surface area of 2.16 km?, being 3.7 km
long, and 1 km across at its widest point at the glacier termi-
nus end (Fig. 1C). The catchment area is 64.2 km?, of which
Thores Glacier makes up 46% (29.8 km? (Fig. 1A). Seven other
glaciers, all but one <0.25 km? in area, make up a combined
12% of the watershed, while the remainder (including the

Arctic Science 00: 1-14 (2023) | dx.doi.org/10.1139/as-2022-0023



http://dx.doi.org/10.1139/as-2022-0023

Arctic Science Downloaded from cdnsciencepub.com by 76.68.10.51 on 02/14/23

area of Thores Lake) is unglacierized. Vegetation in this polar
desert catchment is sparse, consisting of small ground plants
where present (details in Vincent et al. 2011).

Lake depth was measured using an RBRconcerto® CTD-++
logger (RBR Ltd., Ottawa, ON, Canada). The lake basin deep-
ens along the longitudinal transect from 4 m near the out-
flow to a maximum recorded depth of 69 m located ~240 m
from the glacier terminus (Fig. 2). We therefore identify a
deep northern basin near the glacier, and a shallower south-
ern basin, though there is no distinct sill separating them.
Limited bathymetry data prevent us from calculating the to-
tal lake volume, but using an approximate average depth of
34 m and an annual water equivalent snowfall of 0.15 m
year~! over the Thores Lake watershed (as measured at the
Alert weather station, 160 km west of Thores Lake; Bégin et
al. 2021a), we estimate a residence time between 7 and 15
years depending on loss to evaporation. Discharge of Thores
River immediately downstream of the lake was estimated on
21 July 2019 by ice float velocities (0.6-1.4 m s~ and trape-
zoidal integration over eight depth-measured segments; this
gave a value of 7.6 m® s ', equivalent to approximately 1% of
the lake volume per day.

We manually inspected optical satellite imagery to see
whether Thores Lake has recently completely lost its ice
cover, using ASTER (2000 to present), Landsats 4, 5, 7, 8, and
9 (1999 to present), and Planet Labs including RapidEye and
Skysat (2009 to present). While nearly all years showed at
least some open water, no image shows a completely ice-free
Thores Lake (Supplementary Video S1). However, given the
limited data availability in the region, we cannot rule out that
Thores Lake has been ice-free at some point prior to 1999.

Although Thores Lake remains ice covered year-round, in
most summers it develops a marginal moat, such that the
ice is not attached to the shore or glacier terminus (Supple-
mentary Video S1). Moat width in July 2019 varied accord-
ing to wind conditions, between 1 and >10 m. The middle
part of the lake is traversed by leads that re-occur every year
(Supplementary Video S1), and appeared to correspond to in-
put streams entering the lake. We observed a turbid plume
from a stream, originating on Thores Glacier, which enters
the northwest side of the lake (Fig. 1C) after flowing along-
side the glacier for ~1400 m. A similar, but shorter stream
enters the lake on the northeast side.

Sample collection and processing

On 28 July 2018, we collected triplicate surface water sam-
ples (<0.5 m) from the lake outlet and in contact with the
glacier (hereafter “glacier interface”), and sampled the wa-
ter column in the middle of the lake (Fig. 1C) from three
holes bored in the ice cover within 10 m of each other. Water
column properties, including conductivity, temperature, and
chlorophyll a (chl a) fluorescence, were measured from a sin-
gle hole using the RBR logger with a frequency of 6 measure-
ment s, which yielded a vertical resolution of ~0.03 m. The
manufacturer’s stated accuracy for this instrument is +0.003
mS cm~}, 4 0.002 °C, +-0.05 m, and + 8 umol/L oxygen, with a
detection limit of 0.025 ug L~ for chl a. To process RBR data,
we used the downcast only and removed values taken in air
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(negative depth). Measurements where the RBR logger hit the
bottom sediments, evidenced by a spike of conductivity val-
ues, were removed manually. Specific conductivity and tem-
perature were converted to water density following Millero et
al. (1980); we could not correct for the effects of specific ionic
ratios as in Bégin et al. (2021b), since these are not presently
known. Dissolved oxygen (DO) concentration was measured
every 1-5 m with an EXO2 sonde (YSI, Yellow Springs, OH,
USA). Water samples were collected for pigments and DNA
using a 7 L Limnos sampler (Limnos.pl, Komoréw, Poland) at
5, 17, and 40 m depths, as well as from the surface water at
the outlet of the lake, the glacier interface, and from a melted
core of lake ice (pigments only) that was thawed over 36 h in
the dark at 4 °C. Containers for collection were cleaned with
2% (v/v) Contrad™70 detergent (Decon Laboratories, King of
Prussia, PA) and 10% HCI (ACS grade, Sigma-Aldrich, Oakville,
ON, Canada), and filtered within 8 h of collection. Pigment
samples were analyzed upon returning to the laboratory us-
ing high-performance liquid chromatography (HPLC), as in
Thaler et al. (2017). Based on the water volumes filtered, the
detection limit for chlorophyll pigments (quantified by fluo-
rometry in the HPLC) was around 0.05 ug L~! and the detec-
tion limit for the carotenoid accessory pigments (quantified
by absorbance in the 5 mm photodiode array detector) was
around 0.1 pg L~1. For microbial analyses, triplicate samples
(from each sampling hole) of 340-600 mL (Supplementary Ta-
ble S1) were filtered onto 0.02 um pore size Whatman™ An-
otop™ filters (Marlborough, USA), without pre-filtration. Fil-
ters were immediately frozen at —20 °C in the field and then
stored at —80 °C until extraction.

During 17-23 July 2019, the same water column properties
were measured as in 2018, with the difference that DO was
measured with the RBR logger. Measurements were taken
along a longitudinal transect of 22 holes drilled into the lake
ice 100-200 m apart, as well as a cross transect of 5 addi-
tional holes ~0.82 km from the glacier terminus (Fig. 1C).
The transects crossed each other at the 2018 sampling site.
Surface water was also sampled at the glacier interface and
lake outlet. Physico-chemical data in 2019 were visualized us-
ing Ocean Data View v.4.7.4 (Schlitzer 2015), and are summa-
rized in Table 1. Photosynthetically active radiation (PAR) was
measured at two sites in the southern basin (Fig. 1C) by low-
ering a LI-192 sensor (LI-COR Biosciences, Lincoln, NE) to 9 m
below the ice.

Water chemistry samples, including total phosphorus (TP),
total nitrogen (TN), nitrite and nitrate nitrogen (NOs), and dis-
solved organic carbon (DOC), were collected at 5 and 15 m
depth (Fig. 1C), as well as from the surface at the lake outlet
and glacier interface. Water samples, 40 mL for TP and TN
and 80 mL for NO3 and DOC, were preserved with 5 mmol/L
H,S04. TP, TN, and DOC samples were analyzed at 'Université
du Québec a Montréal (UQAM, Montréal) following estab-
lished protocols (Cuthbert and del Giorgio 1992; Wetzel and
Likens 2000; Patton and Kryskalla 2003). The limits of detec-
tion for these analyses were 0.008 mg TN L1, 0.5 ug TP L1,
0.01 mg NO3-N L1, and 0.05 mg DOC L1,

Samples for FAs in seston were collected using the Lim-
nos sampler at 5 and 15 m depths at the same site as nutri-
ents, and directly into Nalgene bottles from surface water at
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Fig. 2. Water column properties of Thores Lake in 2019 in longitudinal (left) and cross (right) section (as shown in Fig. 1C).
Dashed line shows 2018 sampling location, which is also the intersection with the cross transect. Locations of open water leads
are marked with arrows in the top panel (A). Euphotic depth (irradiance is 1% incident values above the ice) identified by an
asterisk in (D) at the two sites where it was measured. Dissolved oxygen values are unavailable for two sites near the outlet
and in the southern basin. Data were visualized with Ocean Data View v. 4.7.4 (Schlitzer 2015).
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Table 1. Summary of water column properties measured in
2019 with RBRconcerto® CTD++ logger.

Measurements Units Range Average
Conductivity uS cm™1! 0-1984 64
Temperature °C —0.141 to 2.213 1.19
Chlorophyll a ug L1 0-1.77 0.23
Dissolved oxygen % 26-94 90

the glacier interface and lake outlet (n = 2). We filtered 200-
4000 mL of water by vacuum filtration onto pre-combusted
glass fiber filters (Whatman™), which were stored at —20 °C
in the field, and then at —80 °C until freeze-drying for FA
analysis. Seston dry weight was measured after freeze-drying.
Fatty acid methyl esters (FAMEs) were extracted, methylated,
and subjected to gas chromatography-mass spectrometry for
identification and quantification using calibration curves as
in Grosbois et al. (2022).

Zooplankton were sampled with vertical net tows (53 um
mesh) from three sites in the southern and northern basins,
and the glacier interface (Fig. 1C). The net was lowered twice
to 20-50 m depending on the site and slowly pulled up to
the surface. Samples were preserved with formaldehyde (4%,
v/v) and counted using Utermo6hl chambers and an inverted
microscope (Axio Observer A1, Zeiss, Jena, Germany) at 400 x
magnification.

DNA was extracted directly from Anotop filters using the
MasterPure™ Complete DNA & RNA Purification Kit (Luci-
gen, Middleton, WI, USA) and the backflushing technique de-
scribed in Mueller et al. (2014). Metagenomic paired-end (2 x
150 bp) libraries were constructed and sequenced on an II-
lumina NextSeq 550 at the Integrated Microbiome Resource
at Dalhousie University, Halifax, Canada, yielding on average
8.6 million (standard deviation (SD) + 2.1 million) raw read
pairs per sample. To filter and trim reads, we used illumina-
utils v.2.12 (Eren et al. 2013) and quality thresholds suggested
by Minoche et al. (2011) as implemented in the metagenomic
workflow in anvi’o v.7.1 (Eren et al. 2021), leaving 93%-94%
of read pairs for analyses (Supplementary Table S1).

We extracted 18S ribosomal RNA (18S rRNA) marker genes
from these reads using BBMap v.38.93 and the SILVA SSU Ref
NR 99 database 138 (Quast et al. 2013) as reference, as im-
plemented in phyloFlash v.3.4 (Gruber-Vodicka et al. 2020),
with default settings and a 98% identity threshold for clus-
tering. We used the last-common-ancestor consensus of the
top hits to report an approximate taxonomic affiliation and
the mapped read counts to generate an overview of commu-
nity composition across samples. Classifications were manu-
ally curated for consistency in reported taxonomic ranks.

Results

Thores Lake ice cover

In 2018, average lake ice thickness from three closely
spaced cores in the centre of the northern basin (Fig. 1C) was
1.38 m. In 2019, ice at the same site was 1.01 m, and thickness
decreased linearly from 1.42 m near the outflow of the lake to
0.94 m near the glacier terminus (Supplementary Fig. S1). In
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the cross transect, the thickest ice was found west of the lake
midpoint. All cores included 2-12 cm of white ice, derived
from snow and slush. PAR was measured in 2019 at two sites,
both in the southern basin, where ice was 1.39 and 1.24 m
thick, respectively. An average of 39% of PAR penetrated the
ice and entered the water column. The attenuation coeffi-
cient in the upper 5 m at the two sites was 0.31 and 0.33 m!,
and decreased below that depth. Estimated euphotic depth
(depth of irradiance at 1% of incident values above the ice)
was about 12 m (Fig. 2D).

Water column properties

In 2018, water column properties were measured at a sin-
gle site in the deep northern basin. The effect of ice was de-
tectable with low conductivity and temperature in the upper
80 cm (Fig. 3A). Conductivity was then homogeneous with
depth, with a mean of 50 uS cm~!, while temperature be-
low 1 m was stable at 0.8-0.9 °C. Chl a measured by fluo-
rescence indicated ultraoligotrophic conditions, increasing
from <0.2 pug L1 at the surface to 0.6 ug L~! at 26 m, and
then remaining stable to the bottom of the water column.

In 2019, conductivity was slightly higher in the middle sec-
tion of the lake, and near the shore in the cross transect (Fig.
2A). Conductivity at the glacier interface was higher than the
other surface waters of the lake (250 uS cm™?) and may re-
flect a higher content of dissolved major ions in the stream
inflow near this point. Temperature in the upper water col-
umn decreased from 2.3 °C at the surface of the lake outlet
to 0.8 °C at the glacier interface, but was 1.1-1.4 °C over most
of the lake (Fig. 2B). The density profile showed that most of
the lake was characterized by a relatively homogeneous wa-
ter column (Fig. 2E). Temperature-salinity (specific conduc-
tivity) plots confirmed that most of the water column was
unstable throughout the lake, with points clustering along a
line of equal conductivity (Supplementary Fig. S2). The south-
ern basin had cold surface water of very low conductivity, im-
plying its derivation from melting lake ice, and the distinct
T-S properties of the deep water layer in the northern basin
indicated that it had little exchange with the rest of the lake
(Figs. 2 and 3B).

In 2019, a DO minimum of 77%-81% saturation was located
~1.2 m below the ice, and was more pronounced toward the
lake outlet (Fig. 2C). DO saturation below the oxycline was
90%-93%. The chl a profile was similar to 2018, but with lower
concentrations in deeper waters (~0.4 ug L~1; Fig. 3B). Patches
of higher chl a at the bottom, in some sites as high as 0.7 ug
L1, occurred on a scale of <1 cm, and conductivity values
confirmed that it was not an artefact from the probe striking
the bottom sediments.

The chl a-containing layer was shallower in 2019 than in
2018, appearing at 14 m depth, ~500 m from the outlet,
and shoaling to <6 m near the glacier terminus (Fig. 2D).
Chl a fluorescence at the glacier interface (0.24 ug L~!) was
high compared with surface waters throughout the lake,
which was <0.2 ug L1, but not as high as in the deep chl
a-containing layer of the water column. Chl a fluorescence
was higher on the western side of the lake (Fig. 2D).
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Fig. 3. Water column properties in Thores Lake from two sites and years. (A) 2018 in northern basin, at site without high-
conductivity bottom water. (B) 2019 in northern basin at site with high-conductivity bottom water. Note x-axis is the same for
temperature and chlorophyll a and different for conductivity and dissolved oxygen. Chlorophyll a data have been treated with
kernel smoothing.
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Table 2. Physico-chemical properties of Thores Lake in the Canadian High Arctic in July 2019.

Temperature Conductivity Total phosphorus Total nitrogen NO; + NO3 Dissolved organic Seston dry

Sample Q) (uS cm™Y (ug L7V (ug L7V nitrogen (ug L~ carbon (mgL~!  weight (mg L~V
Water column

5m 1.2 51 6.2 75 55 0.03 1.8

15m 1.2 50 5.6 61 55 0.00 1.8
Surface

Glacier interface 0.79 250 85 59 47 0.04 69

Lake outlet 2.3 57 6.7 103 51 0.00 1.3

Note: Water column measurements are from a site in the southern basin of the lake (“N” in Fig. 1C). Surface samples are from <0.5 m depth.

Fig. 4. Chlorophyll a concentration and mass ratios of accessory pigments in the lake outlet surface, lake ice, water column,
and glacier interface surface water of Thores Lake in 2018.
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Fig. 5. Major taxonomic groups in eukaryote 18S rRNA sequences and taxonomic composition of the metazoan taxa.
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We detected a depression in the deepest part of the lake, at
least 200 m wide in one dimension and 7-9 m deep, with con-
trasting properties to the rest of the water column (Figs. 2 and
3B). Water in this depression had a minimum temperature of
—0.14 °C, with a specific conductivity of 1900 uS cm~?!, DO
concentration of 26%, and chl a concentration <0.3 pg L71.
The volume of water in this depression was approximately
0.5 km?.

TP, measured in 2019, was an order of magnitude higher in
surface water at the glacier interface than in either the wa-
ter column of the southern basin or the outlet surface water
(Table 2). TN was somewhat higher in outlet surface water;
however, NO3; was similar to samples in the lake and glacier
interface. It is unlikely that the higher N in the outlet was or-
ganic nitrogen, since DOC in this sample was so low, leaving
the possibility that it might come from soil erosion. Turbid-
ity, measured as seston weight per volume, was similar in the
lake water column and outlet, but almost 40 times higher at
the glacier interface. DOC in all samples was at or below the
limit of detection (0.03 mg L)

Pigments

Concentrations of chl a measured by HPLC in 2018 in
the northern basin (Fig. 4) were lower than those mea-
sured using fluorescence (Fig. 3A), and did not vary with
water column depth. Chl a was somewhat higher at the
glacier interface, and much lower in the ice core and out-
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let surface water (Fig. 4). We examined accessory pigment ra-
tios as markers of taxonomic composition following Wright
and Jeffrey (2006), including zeaxanthin (cyanobacteria and
chlorophytes), peridinin (dinoflagellates), alloxanthin (cryp-
tophytes), chlorophyll b (chl b; chlorophytes), and fucox-
anthin (found in chrysophytes, diatoms, and haptophytes).
Small quantities of the cryptophyte pigment crocoxanthin
(0.003-0.005 ratio to chl a) also co-occurred with allox-
anthin wherever the latter was present. Pigment com-
position was similar throughout the water column, but
differed between the lake outlet, ice core, and glacier inter-
face. Lutein/chl b ratios were >0.3 in all samples, indicat-
ing that the green algae detected were chlorophytes and not
prasinophytes.

Metagenomic analyses

Protists accounted for the majority of 18S rRNA sequences
in our data (Fig. 5), followed by metazoans. Metazoan se-
quences belonged to eight phyla: Platyhelminthes, Arthro-
poda, Mollusca, Nematoda, Chordata, Rotifera, Cnidaria, and
Annelida (Fig. 5). This taxonomic diversity is broader than
that suggested by our zooplankton sampling, and likely in-
cludes DNA from two additional sources: potential benthic
organisms (which were not targeted by our sampling) and
terrestrial runoff, including parasites in animal feces. Se-
quences of land plants included dicotyledon angiosperms
and conifers, none of which belonged to local species (data
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Fig. 6. Protist and fungi taxonomic groups as percentage of total hits to 18S rRNA genes in Thores Lake in July 2018. TO, outlet
surface; TL, lake water column at 5, 17, and 40 m depth; and TI, glacier interface surface. Values represent pooled triplicates
(n = 3). Colour scale is square-root transformed. Metazoa and terrestrial plants are not shown (see Fig. 5).
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not shown). These may represent wind-blown pollen trans-
port. Sequences of fungi included putative terrestrial and
aquatic taxa.

In general, the metagenomic identification of photosyn-
thetic protists was consistent with the pigment data. Com-
pared with the lake outlet and the deeper water column
samples, surface water at the glacier interface had a much
higher proportion of green algal taxa (phylum Chlorophyta)

Avrctic Science 00: 1-14 (2023) | dx.doi.org/10.1139/as-2022-0023

particularly in the class Chlorophyceae, while the relative
abundance of Dinophyceae and Chrysophyceae was lower
(Figs. 6 and 7). Dinoflagellates were dominated by photosyn-
thetic genera such as Biecheleria, Polarella, and Symbiodinium
(Fig. 7). Chrysophyceae sequences had a higher relative abun-
dance in the lake, and particularly the lake outlet, where
they may be responsible for the higher ratio of fucoxanthin
pigment. Other eukaryotic taxa, including diatoms and cili-
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Fig. 7. Phytoplankton genera as percentage of total hits to 18S rRNA genes in Thores Lake in 2018. TO, outlet surface; TL, lake
water column at 5, 17, and 40 m depth; and TI, surface water at glacier interface. Values represent pooled triplicates (n = 3).
Tree at top of figure shows clustering of samples by Bray-Curtis dissimilarity. Colour scale is square-root transformed. Note
that dinoflagellate genera Gymnodinium and Pfiesteria (labelled H) comprise some or all heterotrophic species, while other di-
noflagellate genera are phototrophic.
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Fig. 8. Fatty acid methyl esters (FAMEs) in seston samples from Thores Lake in surface water at the glacier interface, in the

lake water column, and lake outlet surface: (A) total FAME and (B) omega-3 fatty acid concentration (n = 2; duplicate water
column samples are from 5 and 15 m).
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Fig. 9. Zooplankton taxa in the upper 50 m of Thores Lake, ordered by abundance (ind. m~3). Error bars show mean + standard
error (n = 3). Note log scale on y-axis. Taxa that had highest abundance at the glacier interface are indicated with an asterisk.

100 — =
:
e _]. i
T 10 - 1
3 ] ]
3 1 T T
5 |
4]
© |
5 I
o) 0.1 ]
<
0.01 —
N Q Q N e Q Q x> Q
6‘@ \%e K @ & o2 @e G o2
@ (22) 6(\ &0 NN NS O 0(0 §0
N P A & ¥ & &

o ° & Q o o N N o

N P O S ¢ o

> Q 2 > @ N @)

g oF ¥ 7 & * @
* + *

Avrctic Science 00: 1-14 (2023) | dx.doi.org/10.1139/as-2022-0023 11



http://dx.doi.org/10.1139/as-2022-0023

Arctic Science Downloaded from cdnsciencepub.com by 76.68.10.51 on 02/14/23

‘Canadian Science Publishing

ates, were found at uniform relative abundance in all envi-
ronments in the lake.

Fatty acids

FA content was measured from the same samples collected
for turbidity, and varied by environment (Fig. 8). Turbid sur-
face waters at the glacier interface had high total FAME,
comprising >90% of saturated FAs. Omega-3 FA in this envi-
ronment contributed <1% of total FAME. Water in the centre
of the lake and at the lake outlet had lower FAME content,
but higher prevalence of omega-3 FA, comprising 3.6% and
2.2% of FA, respectively.

Zooplankton

We found only rotifers in the zooplankton samples, and no
copepods or cladocerans (Fig. 9). While species richness was
similar in the two lake samples and glacier interface, com-
munity composition differed. Two taxa, Polyarthra sp. and Ker-
atella quadrata, were found only at the glacier interface, and
two of the taxa that were present in all samples, Anuraeop-
sis sp. and K. hiemalis, had their highest abundance (79 and
95 ind. m~3, respectively) at the interface (Fig. 9). Keratella
hiemalis was the most abundant taxon overall. Conochilus sp. is
colonial, and was the only taxon that showed signs of repro-
duction, with 4.7% of individuals carrying eggs. It was found
only in the northern basin of the lake.

Conclusions

While a number of lakes in northern Ellesmere Island have
been well described with respect to their evolution and re-
sponses to climate change (Van Hove et al. 2006), to our
knowledge Thores Lake is the first data set to characterize
a proglacial lake in this region, and may serve as a model
for other high-latitude proglacial lakes. Our data show typi-
cal features of proglacial lakes, including limited zooplank-
ton diversity (Sommaruga 2015) and horizontal gradients of
temperature and nutrients (Burpee et al. 2018). The observa-
tions also highlight the importance of surface waters at the
glacier interface as a unique environment characterized by
higher chl a (Fig. 4 and Table 2), lower omega-3 FA (Fig. 8),
and a distinctive protist community (Fig. 6). Primary produc-
tion in Thores Lake is very low (ultraoligotrophic), although
high chl a fluorescence at two sites at the bottom of the water
column (Fig. 2D) may indicate a more productive deep-water
phytoplankton. Benthic microbial mats are also likely to con-
tribute to primary production in Thores Lake, as in many olig-
otrophic polar lakes elsewhere (e.g., Lionard et al. 2012; Mohit
et al. 2017; Greco et al. 2020).

Future sampling of Thores Lake will aim to measure how
it changes in response to climate change from the baseline
established by the present data set. Air temperatures in this
region have been highly variable over the past 13 years, with
warm years associated with loss of multi-year ice cover in sev-
eral coastal lakes (Mueller et al. 2009; Bégin et al. 2021a). The
cooling effect of the glacier adjacent to Thores Lake may ex-
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plain why it retained at least partial ice cover even in 2016,
the warmest year on record (Supplementary Video S1). Loss
of summer ice cover may increase chl a biomass through in-
creased PAR and nutrient entrainment by mixing (Bégin et al.
2021a). While wind-driven mixing would increase during the
ice-free period, the steep density gradient of the bottom wa-
ter (Fig. 2E) might be strong enough to resist entrainment. If
the current stability of Thores Glacier continues, this in com-
bination with the sheltered, inland position of Thores Lake
may protect it from marked changes in ice cover and mixing,
and preserve it as an ice-capped proglacial Arctic ecosystem.
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