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Supplementary Table S1. Supporting information for Fig. 2 (main text). Stations sampled
during ArcticNet missions onboard CCGS Amundsen in the North Water from 2005 to 2018
for the Greenland side (East, Stn115) and 2005, 2007, 2011 to 2012 for the Canadian side
(West, Stn101 and Stn105). Day-length was based on latitude 76.36°N and longitude -74.01°W
(https://www.nrc-cnrc.ge.ca/). Open water (OW) corresponds to the date when the polynya

opened (mm/dd), new winter sea-ice (NWSI) corresponds to the date when the polynya was
covered in ice, the ice bridge collapsed (IBC) is the date when ice from the north began moving
south, and ‘s day’ is the day of the year when the samples were collected.

Side Sampling (s) Latitude (°N)/  Day OW date NWSI OW to OWto IBC IBC to

date Longitude (°W) length date NWSI s days date s days
(h) days

Canada 2013-08-15  76.38/-77.39 24 05-25 11-01 160 82 06-15 31

(West) 2014-08-01  76.38/-77.40 24 05-12 10-27 168 81 06-30 32
2016-08-09  76.32/-75.76 24 04-30 11-08 192 101 07-18 22
2017-07-24  76.38/-77.40 24 05-02 10-27 178 83 07-05 56
2018-08-26  76.38/-77.40 24 05-17 10-21 157 101 06-18 69
2006-09-18  76.38 /-77.43 16.65  05-13 11-08 179 128 07-03 77
2008-09-15  76.36/-77.51 1746  05-12 11-06 178 126 06-09 98
2009-10-28  76.30/-75.75 7.92 04-26 11-01 189 185 05-25 156
2010-10-17  76.31/-75.85 10.25  05-23 10-31 161 147 06-07 132
2015-10-10  76.37/-77.37 11.7 05-10 11-01 175 153 07-06 96

Greenland  2005-08-16  76.18/-71.26 24 05-22 10-14 145 86 08-01 15

(East) 2013-08-18  76.34/-71.19 24 05-25 11-01 160 85 06-15 34
2014-07-30  76.33/-71.17 24 05-12 10-27 168 79 06-30 30
2016-08-06  76.33/-71.20 24 04-30 11-08 192 98 07-18 19
2017-07-27  76.33/-71.20 24 05-02 10-27 178 86 07-05 85
2018-08-29  76.33/-71.18 24 05-17 10-21 157 104 06-18 72
2006-09-15  76.32/-71.17 1746  05-13 11-08 179 125 07-03 74
2008-09-13  76.33/-71.22 18.05  05-12 11-06 178 124 06-09 96
2009-10-29  76.33/-71.24 7.7 04-26 11-01 189 186 05-25 157
2010-10-16  76.35/-71.18 1046  05-23 10-31 161 146 06-07 131
2011-10-19  76.34/-71.26 9.84 05-17 10-22 158 155 06-04 107
2015-10-08  76.33/-71.20 12.12 05-10 11-01 175 151 07-06 94
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Supplementary Table S2. Water column details on depth for pycnocline, nitracline, surface
mixed layer, maximum depth of Chlorophyll a fluorescence and subsurface of chlorophyll
maximum depth (SCM) at the time of sampling from 2005 to 2018. Acronyms: depth of
maximum mean vertical gradient in fluorescence, dFluo./dz, (AFluo.); N? is the highest value
of Brunt-Viisila Frequency (10 X s2); nitracline is the depth of maximum of vertical gradient
in NOs? concentration, dNO3*/dz (ANOs*); pycnocline is the depth of Brunt-Viisild
frequency maximum (AN?) and depth of the surface mixed layer (SML). All values were
calculated between surface to 100m deep, except for value in parenthesis, which was calculated
from surface to bottom depth.

Canadian side (West) Greenland side (East)

Year SCM AFluo. ANOs> N?*  AN?  SML SCM  AFluo. ANO;* N? AN? SML
2005 - - - - - - 24 25 95 1.15 7 6
2006 25 25 100 0.56 30 9 33 21 97 211 18 17
2008 33 33 - 3.01 22 22 24 24 - 394 19 18
2009 38 44 86 1.10 13 12 60 22 91 040 15 14
2010 50 26 100 1.01 25 25 25 46 87 0.77 21 20
2011 - - - - - - 30 12 98 0.51 25 24
2013 38 17 85 2.16 11 11 30 36 100 3.10 17 17
2014 13 13 87 296 11 10 20 15 72 1.15 24 24
2015 30 33 97 3.19 11 10 80 4 95 0.54 40 39
2016 40 36 87 292 12 6 37 37 93 0.88 33 32
2017 37 30 100 1.93 15 11 25 33 94 228 9 8
2018 35 33 100 0.78 19 18 32 33 100 1.17 30 23
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Supplementary Table S3. Values for temperature, salinity and Chlorophyll a fluorescence at
each sampling depth: surface (Surf.), subsurface chlorophyll maximum (SCM) from 2005 to
2018. Colors indicate the lowest (blue) and highest (red) values for summer and autumn
samples of each side. Sampling dates for the separate sides are arranged by month categories
based on Fig. 3 db-RDA (main text) result.

Side Sampling date Depth (m) Temperature (°C) Salinity Fluo.

(ug Chla L)
Surf. SCM Surf. SCM Surf. SCM Surf. SCM

Canada 2013-08-15 4 38 4 1.26 31,51 3235 0.38 0.32
(West) 2014-08-01 2 13 2.39 -0.61 30.38  31.54 0.36 2.79
2016-08-09 2 40 3.73 0.66 31.03 | 33.41 0.11 1.27

2017-07-24 2 37 -0.04 -1.04 28.72  31.72 0.08 1.36

2018-08-26 5 35 2.21 -0.62 3192 32.61 0.29 0.61

2006-09-18 10 25 -0.11 0.24 314 31.92 0.83 1.22

2008-09-15 3 33 -0.56 0.51 28.99  30.73 0.08 0.62

2009-10-28 3 45 -1.55 -0.97 32,77 33.34 0.27 0.42

2010-10-17 2 50 -1.6 -1.24 299 31.03 0.07 0.08

2015-10-10 10 30 -1.67 -0.54 31.58 3271 0.26 0.42

Greenland 2005-08-16 2 22 3.39 0.37 31,6 32.45 0.45 1.34
(East) 2013-08-18 2 33 3.66 -0.7 30.7 3327 0.27 4.14
2014-07-30 2 20 2.29 1.84 32.77  32.86 2.03 2.28

2016-08-06 1 37 5.3 0.06 33.02 33.45 0.33 1.52

2017-07-27 2 25 4.45 -0.89 31.63 | 33.57 0.23 2.11

2018-08-29 2 32 3.11 0.27 31.87 33.01 0.26 2.07

2006-09-15 10 33 2.39 -1.06 32,52 3348 0.14 1.21

2008-09-13 2 24 3.76 1.38 31.37 3297 0.09 0.18

2009-10-29 4 60 -1.2 0.09 33.16 33.68 0.46 0.1

2010-10-16 1 25 -0.64 -1.37 3278 335 0.07 0.07

2011-10-19 5 30 -1.78 -1.77 32.68 32.96 0.49 0.37

2015-10-08 10 80 -0.83 -0.82 32,77 | 33.72 1.01 0.08
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Supplementary Table S4. Nutrient concentrations at each depth: surface (Surf.), subsurface
chlorophyll maximum (SCM) of sampling from both sides of the North Water from 2005 to
2018. Colors indicate the lowest (blue) and highest (red) values for summer and autumn
samples from each side. Sampling dates for the separate sides are arranged by month categories
based on Fig. 3 db-RDA (main text) result.

Side Sampling Depth (m) Nitrate Silicate Phosphate
dat
e Surf. SCM Surf.  SCM Surf.  SCM Surf.  SCM
Canada 2013-08-15 2 40 0.14 1.37 0.63 0.67 0.45 0.8
(West) 2014-08-01 2 10 0.15 0.5 0.85 2.45 0.3 0.38
2016-08-09 1 40 n.d. 3.81 1.16 3.73 0.31 0.62
2017-07-24 2 40 n.d. 1.02 2.88 5.48 0.53 0.67
2018-08-26 5 40 n.d. 3.57 2.26 9.12 0.52 0.83
2006-09-18 8 28 0.48 2.31 2.06 4.56 0.52 0.73
2008-09-15 5 36 0.29 0.45 1.03 1.44 0.54 0.68
2009-10-28 4 40 4.94 7.52 9.38 12.25 0.56 0.71
2010-10-17 1 50 0.4 3 2.98 5.29 0.76 0.87
2015-10-10 10 30 2.44 3.98 1.63 2.87 0.38 0.52
Greenland 2005-08-16 2 24 0.52 0.28 1.35 2.46 0.41 0.51
(East) 2013-08-18 3 29 0.23 0.74 1.37 0.2 0.2 0.35
2014-07-30 1 20 0.43 1.93 1.63 2.69 0.28 0.36
2016-08-06 1 37 n.d. 3.25 1.32 3.61 0.31 0.58
2017-07-27 2 30 n.d. 5.32 1.28 5.16 0.44 0.71
2018-08-29 2 30 n.d. 0.85 2.75 3.17 0.41 0.32
2006-09-15 5 33 0.01 7.95 0.64 3.94 0.26 0.77
2008-09-13 5 25 0.26 1.93 0.09 1.09 0.03 0.29
2009-10-29 4 60 3.6 11.37 3.65 10.46 0.26 0.86
2010-10-16 12 29 4.61 7.53 3.97 5.89 0.59 0.8
2011-10-19 2 30 39 6.2 4.06 5.95 0.55 0.72
2015-10-08 10 81 2.23 8.29 3.08 9.56 0.57 0.88

non-detectable — n.d.
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Supplementary Table S5. Two-way comparisons between environmental parameters from all
years sampled (2005-2018) using Welch unequal variances ¢-test. First column shows between
depth categories of the Canadian side (West) and second column shows between depth
categories of the Greenland side (East). Last column shows both depths combined for a
comparison between the Canadian side and the Greenland side.

Welch Two-Sample #-test

West East Combined depths

Surface vs. SCM Surface vs. SCM West vs. East
Temp. t=1.14 t=2.66 t=-1.15

df=11 df=14 df=41

p-value =0.27 p-value =0.01 * p-value =0.25
Sal. T=-2.58 t=-3.73 t=3.82

df=16 df=18 df =30

p-value =0.01 * p-value =0.001 ** p-value = 0.0005 ***
Fluo. T=-2.34 =-2.05 t=147

df=10 df=12 df=30

p-value =0.03 * p-value = 0.06 p-value =0.14
NOs* t=-248 t=-2.87 t=1.39

df=16 df=15 df =38

p-value =0.02 * p-value =0.01 * p-value =0.17
SiO4 t=-1.68 t=-2.62 t=-0.62

df=15 df=14 df =36

p-value=0.11 p-value =0.01 * p-value =0.53
PO t=-3.03 t=-333 =223

df=16 df=19 df=41

p-value =0.007 ** p-value = 0.003 ** p-value =0.03 *
0, t=0.61 t=-0.33 t=-1.20

df=17 df=16 df =40

p-value = 0.54 p-value = 0.74 p-value =0.23




Freyria et al.

Supplementary Table S6. PerMANOV A test comparing environmental factors of surface and
of subsurface chlorophyll maximum (SCM) of all samples taken of the North Water.
Permutational multivariate analyses of variation using distance matrices of environmental
factors and community changes. Temperature (Temp.), salinity (Sal.), Chl a fluorescence
(Fluo.), F model (F) and Pr(>F) is p-value based on Monte Carlo random draws.

Canadian side versus Greenland side

Surface (n =21) SCM (n=21)
F R? Pr(>F) F R? Pr(>F)
Temp. 5.02 0.18 0.001 *** 1.18 0.05 0.21
Sal. 1.84 0.06 0.04 * 1.69 0.07 0.02 *
Fluo. 1.51 0.05 0.08 0.73 0.03 0.81
NOs* 0.96 0.03 0.41 1.26 0.05 0.15
SiO, 0.701 0.02 0.85 1.81 0.08 0.01 *
PO 1.21 0.04 0.22 0.98 0.04 0.49
0, 2.05 0.07 0.02 * 0.94 0.04 0.51

* Significant p-values. Tests are based on Bray-Curtis dissimilarity distances and 999 permutations.
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Supplementary Table S7. PerMANOVA test comparing environmental factors of all depths
for each side of the North Water. Permutational multivariate analyses of variation using
distance matrices of environmental factors and community changes (acronyms as in

Supplementary Table S6).

Surface versus SCM

Canadian side (n =19)

Greenland side (n = 23)

F R? Pr(F) F R? Pr(F)

Temp. 3.75 0.15 0.001 *** 2.63 0.09 0.002 **
Sal. 1.95 0.008 0.02 * 1.02 0.03 0.38
Fluo. 1.11 0.04 0.28 1.11 0.04 0.28
NOs* 1.06 0.04 0.33 1.29 0.04 0.17
Si0, .12 0.04 0.28 1.84 0.06 0.01 *
PO 1.15 0.04 0.27 1.64 0.06 0.05

0, 1.38 0.05 0.15 131 0.04 0.15

* Significant p-values. Tests are based on Bray-Curtis dissimilarity distances and 999 permutations.
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Supplementary Fig. S1. Spearman’s rank correlation (p) matrix between environmental
parameters from all samples. Spearman correlation coefficients are represented by the size
(the larger the circles the greater the value of the coefficients) also indicated by color shades
with blues positive and greys negative. Asterisks indicate the significance level p-value from
Spearman’s Rho (p <0.05 *, p <0.01 ** p <0.001 ***). Environmental variables: depth of
sampling (Z), water temperature (Temp.), salinity (Sal.), Chl a fluorescence (Fluo.), dissolved
oxygen (0O2), nitrate (NO3%"), silicate (SiO4), phosphate (PO4*"). Also given are values from the
visual analysis of ice charts produced by the Canadian Ice Service (CIS): day-length (from Fig.
2); days between sampling (s) date and ice bridge collapsing (s-IBC); depth of maximum mean
vertical gradient in fluorescence, dFluo./dz (AFluo.); pycnocline is the depth of Brunt-Véisild
frequency maximum (AN?); depth of the Surface Mixed Layer (SML); day of the year of when
the polynya opened as open water (OW); day of the year when the samples were collected (s
day); day of the year when new winter sea-ice (NWSI) covered the region; total days between
OW and NWSI (OW-NWSI); days from the beginning of OW to sampling (OW-s).
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Supplementary Fig. S2. Microbial eukaryotic composition. Relative abundance of the most
abundant taxonomic groups from rDNA and rRNA in samples of all years (2005-2018) for
each station and side. Sampling dates for the separate sides are arranged by month categories
based on Fig. 3 db-RDA (main text) result. Surface communities are shown in the upper panels
and subsurface chlorophyll maximum (SCM) communities in the lower panels.
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Supplementary Fig. S3. Samples clustered using Constrained Correspondence Analysis
(CCA) with the Bray-Curtis dissimilarity measure. Arrows indicate significant correlations
between environmental parameters and community composition of samples: Temperature
(Temp.), salinity (Sal.), dissolved oxygen concentration (O2), nitrate (NOs>), silicate (SiOs),
phosphate (PO4*"), depth of surface mixed layer (SML) and day-length. The rDNA and rRNA
reads are analysed independently, with rDNA communities indicated by a black point in the
center of the symbols; rRNA lack a central point; West (W°) Canadian side, East (E°)
Greenland side. Month categories indicated by color.
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side are indicated as letters.
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Supplementary Fig. S7. Pairwise CLAM test plot of OTUs comparing rDNA versus
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with <10 reads were too rare to be categorised. Percentage is relative to total OTUs following
the color code. The top OTU specialists by nucleic acid category are indicated as letters.
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FJ541187 Blastodinium galatheanum
HLJQZ4 7707 Azadinium caudatum var margalefii

JQ247701.Azadinium.caudatum.var.caudatum Amphidomataceae

| JX262491 Azadinium spinosum Marine species
‘1; KF543360 Azadinium dalianense

KJ481811 Azadinium trinitatum

Prorocentraceae

Toxic and harmful species
1 AF274270 Pentapharsodinium sp. CCMP771
AF022201 Pentapharsodinium tyrrhenicum
AF274249 Adenoides eludens CCCM683
FR865630 Scrippsiella sp.

HQ845330 Scrippsiella sp. Thoracosphaeraceae
AF274277 Scrippsiella trochoidea CCCM602 Marine species
KM357282 Scrippsiella sp.

OTU 9689 Pentapharsodinium sp. [l [l
AF274276 Scrippsiella sweeneyae CCCM280
AF274253 Amphidinium herdmanii CCCM532

6 leaves Prorocentrum sp.

10 leaves Karenia sp.
3l HMO066998 Brachidinium capitatum Kareniaceae
HMO067005 Karenia papilionacea Toxic and harmful species
OTU 1 Dinophyceae uncl. [l
100 HMO067002 Karenia bidigitata
OTU 84 Dinophyceae uncl. [l [
KJ757193 Uncult. eukaryote . )
KC488438 Uncult. dinoflagellate Oceanic dmOﬂage”ateS
OTU 9681 Dinophyceae uncl. O
100 OTU 9716 Dinophyceae uncl.
5 leaves Gymnodinium sp.
f‘ﬁ DQO084522 Gyrodinium instriatum X X
L AF274263 Gyrodinium uncatenum CCCM533 |ME’"'ne species
| AF276818 Gymnodinium sanguineum . ) Gymnodiniaceae
8EF492486 Akashiwo sanguinea CCMP1740 | Red tide species
AF274260 Gymnodinium sp.
AB716917 Islandinium tricingulatum
4‘ AB716918 Islandinium tricingulatum
AB716916 Islandinium tricingulatum
JX627341 Islandinium minutum Protoperidiniaceae
1 AB780843 Islandinium minutum Marine and sea-ice species
169X627344 Islandinium minutum
JX627342 Islandinium minutum
JX627343 Islandinium minutum
AJ506973 Dinophysis acuta
U37406 Gymnodinium beii
JF791066 Pelagodinium beii
GQ375263 Polarella glacialis CCMP2088 | Suessiaceae
KF925337 Polarella glacialis ccMp208s | Marine species
79 AF099183 Polarella glacialis
= 15 leaves + OTU 534 Gyrodinium sp. [l
AB120002 Gyrodinium fusiforme
AB120001 Gyrodinium spirale
89 OTU 74 Gyrodinium sp.
95 JF791102 Uncult Gyrodinium
FN669511 Gyrodinium cf. gutrula -
FN669510 Gyrodinium dominans Gyrodiniaceae
19%x60205 Uncult. Gyrodinium Marine and freshwater species
90692033 Uncult. Gyrodinium
AB120004 Gyrodinium helveticum
AB120003 Gyrodinium rubrum Specialist CLAM groups
Bray-Curtis KJ762591 Uncult. eukaryc?te.z B Summer [0 rDNA
i OTU 13 Gyrodinium sp. [l I @ Fall I 'RNA
0.01 OTU 2561 Gymnodiniaceae uncl. il [

Supplementary Fig. S8. Maximum Likelihood Dinoflagellata tree generated using
RAXML based on partial length 18S rRNA gene sequences and reference long sequences.
The final RAXML evolutionary placement algorithm (EPA) placed short reads of target OTUs
(red) into the reference tree. Taxonomic assignment was based on the nearest
identified/annotated sequences (Supplementary Table S8). The reference tree was constructed
using RAXML from an alignment of 94 sequences of 1,272 characters with bootstrap support
repeated 1,000 times. Only bootstrap support >50 (of 100) is shown.
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OTU 8873 Micromonas clade B warm II
— — OTU 3057 Micromonas
59 OTU 1861 Micromonas uncl.

AF363157 Eukaryote marine clone ANT37-4

KT860843 Micromonas pusilla strain RCC2304
KY682863 Micromonas sp. RCC4778

OTU 639 Micromonas polaris . D D
OTU 3872 Micromonas polaris
59 107U 2852 Micromonas uncl.

4 leaves of M. unclassified

- HM561184 Uncultured Prasinophyceae clone CFL146R03

7 leaves of M. unclassified

OTU 4867 Micromonas uncl.
OTU 3245 Micromonas uncl.
OTU 2082 Micromonas uncl.
OTU 535 Micromonas

OTU 5974 Micromonas uncl.

OTU 3160 Micromonas uncl.

OTU 2134 Micromonas uncl.
H'_% OTU 1592 Micromonas uncl.

80— OTU 5741 Micromonas uncl.

OTU 3152 Micromonas uncl.
;,Ji} OTU 1482 Micromonas uncl.

OTU 601 Micromonas uncl.

5 leaves of M. unclassified

14 leaves of M. unclassified

OTU 1768 Micromonas polaris

OTU 73 Micromonas uncl. [l [
OTU 324 Micromonas uncl.

OTU 6176 Micromonas uncl.

55 L OTU 1700 Micromonas uncl.

OTU 1351 Micromonas uncl.

OTU 1555 Micromonas uncl.

OTU 3402 Micromonas uncl.

OTU 3581 Micromonas uncl.

OTU 5435 Micromonas uncl.
— OTU 2127 Micromonas uncl.

OTU 1120 Micromonas uncl.
OTU 5894 Micromonas uncl.

5 leaves of M. unclassified

OTU 6017 Micromonas uncl.

9 leaves of M. unclassified
OTU 2625 Micromonas uncl.
OTU 15 Micromonas uncl.

OTU 3719 Micromonas uncl.

OTU 2790 Micromonas uncl.
53 OTU 714 Micromonas uncl.

Bray-Curtis I iali
Y OTU 2393 Mlcromonas uncl. Specialist CLAM groups
0.05 OTU 1552 Micromonas uncl. [l Summer []West [IJrDNA
OTU 5963 Micromonas uncl. mFal
OTU 836 Micromonas uncl.

[East [RNA

Supplementary Fig. S9. A Maximum Likelihood Micromonas tree generated using
RAXML Micromonas OTUs. All 94 Micromonas 94 OTU sequences from this study were
aligned with 4 reference of short length 18S rRNA gene sequences. Taxonomic assignment
was based on the nearest identified/annotated sequences for the 4 reference sequences
(Supplementary Table S8). The reference tree was constructed using RAXxML from an

alignment of the 98 sequences of 1,000 characters with bootstrap support repeated 1,000 times.
Only bootstrap support >50 (of 100) is shown.
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EEOTU 73 Micromonas sp. X #x o ok * k% * % k| ok s kR RRE K
BOTU 17 Loxophyllum sp. X fokk ok *** sk Sk Rk KRk 0.8
B OTU 3 Strombidiidae M X * B wx ok k% % kk % * % *
HOEEOTU 7 Strombidiida X s s o sk sk sk s ok P o -0.6
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OTU 4 Strombidiidae H X s N 0.4 %’
EEOTU 678 Didiniumsp. X % % % % = ¢ o E
EOTU 9681 Dinophyceae X @ @ & @ P o fx o« @ | 02 §
HEIOTU 84 Dinophyceae X @B & @ o o @B B
EOTU 1 Dinophyceae X .. . Rk R Kk R L0 g
EOOTU 9689 Pentapharsodinium sp. X . ok sk s ok @ (i
OTU 9716 Dinophyceae X . wox B ok 0 102 %
— Chlorophyta OTU 74 Gyrodinium sp. X >
= Ciliophora WEOTU 13 Gyrodinium sp. X o ® % % 04
Dlnoﬂagelle_lta WOTU 534 Gyrodinium sp. ¥ SR
=== Stramenopiles
Rhizaria B OTU 2561 Gymnodiniaceae X B kx| ke 06
— Picozoa BWIOTU 1056 Chaetoceros socialis X
Specialist CLAM groups Wl OTU1530 Chrysophyceae Clade C X s #k 08
B summer Clwest M Surface [ rDNA CJOTU 335 MAST-7A X ks 5%
AFal BEast FIsCM_ MRNA EEEOTU 577 Chaunacanthida X = =

OEOTU 1392 Picomonas sp. X

Supplementary Fig. S10. Spearman correlations between eukaryotic communities of the
22 top OTUs (reads >0.5% of the entire community) from both rDNA and rRNA reads.
Spearman correlation coefficient values are represented by the size (large dots — high
coefficients; small dots — low coefficients) and color (blue — positive; grey — negative) of dots.
Number of asterisks represents the significance level p-value from Spearman’s Rho (p < 0.05
*, p<0.01 ** p<0.001 ***),
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