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Fig. 1. Impacts of snow cover changes on Arctic tundra soils.

Table 1. Study sites for snow fence and parameters for measurement.

Snow fense sites

Canada USA Norway
Cambridge Bay Council, Alaska Svalbard
Ecosystem Type Dry tundra Moist tundra Dry tundra
Start year 2017 2017 2006
Fence size H1imXW8m H1.2m X W8m H1.5 m X W6.2m
High: >75 cm High: 94 cm High: 150 cm
Snow depth Moderate: >50 cm Low: 55 cm Moderate: 60—150 cm
Control: 10=15 cm Control: 75 cm Control: <60 cm

Env. parameters  Soil moisture & temperature  Soil moisture & temperature -
Ecosystem respiration, soil pH, electrical conductivity (EC)

Soil properties Soil organic carbon (SOC) and total nitrogen (TN), inorganic nitrogen (NHs", NO3~), water

extractable organic carbon/nitrogen(WEOC and WEON), soil organic matter fractionation
Vegetation Normalized difference vegetation index (NDVI)
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Table 2. Mean soil temperature and moisture during winter (from December to February) and
summer (from June to August) at the moist tussock tundra (Council,AK) and dry tundra
(Cambridge Bay, Canada) sites.

Site Council, AK (moist tundra) Cambridge Bay, Canada (dry tundra)

Depth 10 cm 20 cm 40 cm 5cm 10 cm 20 cm

Snow cover C H C H C H C H C H C H

Soil temperature during winter (C)

December 2021 NA NA -0.87 -0.12 —0.06 0.06 2020 —13.43 -6.3 -13.10 —6.65 —-12.16 —6.41
2022 —0.31 0.12 —0.13 0.03 0.15 0.13 2021 —13.47 —5.75 -13.11 —5.58 —-12.23 —5.56

January 2022 NA NA -0.37 0.06 —0.03 0.03 2021 -16.32 -9.85 -16.03 -9.70 —15.30 —9.53
2023 -0.91 —0.45 —0.85 —0.23 —0.20 0.06 2022 —17.26 —8.00 —17.04 —7.86 —16.24 —7.81

February 2022 NA NA -1.52 —0.44 -0.76 —0.08 2021 —19.06 -12.78 -18.74 -12.64 —17.88 -12.39
2023 —0.93 —0.40 —0.91 —0.24 —0.52 —0.02 2022 —20.39 -10.17 —20.11 —10.03 —19.42 —9.96

Soil temperature during summer ()

June 2022 NA NA 3.22 2.85 0.50 0.23 2021 -1.05 213 -1.64 1.59 —2.59 0.33
2023 0.96 1.23 0.95 0.60 0.14 0.01 2022 1.82 —0.05 1.26 —0.98 0.17 —0.32

July 2022 5.50 6.40 3.93 4.66 1.78 2.32 2021 7.13 6.73 6.72 5.99 5.61 4.82
2023 6.99 7.59 4.67 5.60 2.26 2.78 2022 10.46 11.00 9.90 9.69 8.56 7.92

August 2022 5.97 7.34 4.68 6.38 3.30 4.85 2021 6.01 3.62 5.76 3.36 5.07 2.70
2023 7.86 9.64 6.42 8.56 4.35 7.29 2022 7.54 7.94 7.34 7.36 6.03 6.39

Soil moisture during summer (cm®/cm®)

June 2022 NA NA 0.53 0.51 0.46 0.26 2021 0.25 0.28 NA NA 0.21 0.25
2023 0.44 0.31 0.28 0.25 0.14 0.17 2022 0.28 0.22 NA NA 0.23 0.24

July 2022 0.54 0.51 0.50 0.53 0.49 0.47 2021 0.35 0.36 NA NA 0.31 0.32
2023 0.61 0.62 0.54 0.60 0.50 0.45 2022 0.34 0.35 NA NA 0.30 0.31

August 2022 0.58 0.57 0.54 0.60 0.51 0.47 2021 0.35 0.36 NA NA 0.30 0.32
2023 0.60 0.62 0.53 0.59 0.50 0.48 2022 0.34 0.34 NA NA 0.30 0.31
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7t24 Xg2 7ZtHztel HiEH2| 2HE A0 0| =0 EO| =2 L= A[Z|0f gt Ho[E 7t

B >== =

25t 4=o|Ct (Table 4)

Table 3. Snow melting date and snow depth by treatment in Cambridge bay, Canada.

Year snow meltingC max Ssnow Snow mel’[ing/| max Snow  SNnow mel’[inglg_| max snow
date depth(cm) date depth(cm) date depth(cm)
2021/22 2022.06.12 27.2 2022.06.15 46.7 2022.06.21 97.4
2022/23 2023.06.04 22.8 2023.06.10 56.0 2023.06.14 87.2
2023/24 2024.06.06 22.8 2024.06.12 55.0 2024.06.18 89.2
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Table 4. Snow melting date and snow depth by treatment in Council, Alaska.

C H L
Year snow melting max snow snow melting max snow snow melting max snow
date depth(cm) date depth(cm) date depth(cm)
2022/23 2023.06.02 118 2023.06.05 110 No record 97
2023/24 No record No record 2024.06.06 110 No record No record

HI X & BIAHERT) 2t 2 O|CHEFAHGPR) 2 0185t 7|
Aot mefstRnt. sidrl A:2 HA FHO XA=2

A 741} Fig. 2a,c,d= 9¢ 7tA 1~10 m A U= JEOIM =0t7t= HEIE &
LIEFLH D, A HATE QIX|EH 23 m A H WM = HSE 42 B2 =0 Qs €2 7=
of 7t 7(IDF 7tE =AHMA =0l EXSHH XHO| EfL=A AKX E 7S =A He SE2=2
eloff o{&s| EofU= As =Helgd & UAC. FIQ 2b= 0| 49l =0|E GPR EAI ZZ LIE}
W=t 4 = LR

&

Fig. 2. (a) ERT section on 3rd June, (b) GPR result on 6th June, (c) ERT section on
21st June, and (d) ERT section on 21th June. Red circle is location of snow fence.
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Fig. 3. (a) ERT, (b) GPR section at snow fence. (c) ERT, and (d) GPR section at bare
ground. The red tick is location of snow fence. Red dotted line is boundary of active
layer and permafrost.
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AoM= 8% S7tE EUCHFig. 4a, b). R_eco= A 7ZHo| CHE MES =EAUCHFig. 4c, d).
=& XNFo M= R_ecoZt HEY S7t70M CHEF0] Hloh L&A o %2, 78 EFH 9
2 SR BIES 2%0M 40%0] E3UCH BHHE, HEE[XHO] XHoME=E 5 AlZIof et
R_eco’t tiet &= 20 78 o= HEE S0 R_ecoZt ti=F0f Hloi 7~23% =
UAXDE Al ZHO] Aol w2t ol2fet xol= HAF A4 8 x=2t =0 R_eco= HET 7t

of et BH822 S7H23~69%)2 &4 (1~28%)5 HZOF LHEHCE 88 =ol= 59 & 320 O
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S 2 HEHN= & PLFAS 7124 (AK) XFol thx+ol Hlsh M2 SItT0M 20%2 5718 22U

X 2H(Fig. 4e), O XO0l= SAHAH2Z RSHA YUACH. HEDXHO| NFME HETF HE

571729 & PLFA #tel Xto[7t LIEHLEX] QUCHFig. 4f). HdZ 7t 4= WolM dMFe A=

A el C, N =48t 22t A=A C g2 LT S+t oM 7ot xo[7F Ut
:

N S22 B4 S7170AM 724 &5 AS0l FEU M (Ledum
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1, C/N H| ESH R95tAH ULt
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Fig. 4. Biological responses to deeper snow cover at moist (Council, AK) and dry tundra
(Cambridge Bay) sites: (a) NDVI, (b) ecosystem respiration (Reco; b), and (c) total PLFA.
'Ambient' and 'Deeper' represent the control and high snow plots, respectively.

Table 5. Changes in carbon (C) and nitrogen (N) contents in plant leaves in response to

deeper snow.

Site Council (MT) Cambridge Bay, (DT)
Species Eriophorum angustifolia Ledum palustre Sphagnum spp. Dryas integrifolia
Treatment C H C H C H C H
C (%) 46.5 46.4 52.5 52.3 43.2 42.9 46.2 451
(£0.17) (£0.13) (£0.06) (£0.13) (+£0.16) (£0.29) (£0.41) (£0.67)
N (%) 2.2 2.2 1.3 1.4 0.5 0.5 1.5 1.8"
(+£0.08) (£0.09) (£0.03) (+£0.03) (+£0.04) (£0.03) (+£0.06) (£0.89)
CIN 21.7 20.9 40.7 37.2™" 92.2 80.3 30.7 25.5™
(+£0.74) (£0.93) (£0.91) (+£0.90) (+6.44) (£4.56) (+£0.95) (+£0.89)
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Table 6. Soil chemical properties affected by deeper snow cover at moist tussock tundra
(MT) and dry tundra (DT) sites. 'Ambient' and 'Deeper' represent the ambient and deeper
snow plots, respectively.

Site Council (MT) Cambridge Bay (DT)
Treatment Ambient Deeper Ambient Deeper
SOC (%) 7.5 (+0.43) 8.5 (£1.12) 0.7 (+£0.06) 0.8 (+0.12)
TN (%) 0.3 (£0.03) 0.3 (£0.05) <0.1 <0.1
DOC (ug/g) 139.3 (£25.03) 235.4 (£70.80) 21.7 (£6.00) 21.1 (£5.04)
TDN (ug/g) 7.02 (+1.58) 12.55 (+2.80) 1.25 (+£0.53) 1.76 (+0.44)
'”O(rf:/”g'f N 0.01 (<0.01) 0.02 (£0.01) 1.45 (£0.61) 1.45 (£0.59)
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Fig. 5. Carbon- to- nitrogen (C/N) ratio and nitrogen stable isotopic ratio (815N) of soil
organic matter in different fractions, with comparison to plant aboveground biomass
and organic layer soil. In all markers, gray represents the control plot, and black
represents the high snow plot.
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Fig. 6. Carbon (C) distribution in each fraction influenced by increased snow cover at
moist tussock tundra (Council, AK) and dry tundra (Cambridge Bay, Canada) sites.
'‘Ambient' and 'Deeper' represent the control and high snow plots, respectively. Double
asterisks (**) indicated statistical significance at P<0.05, while a single asterisk (%)
indicates marginal significance at P<0.10.
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Fig. 7. Map of the snow fences in the study site located in
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B, C, D and the letters show the location of the snow fences.
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Fig. 8. Nonmetric multidimensional scaling (NMDS) ordination plot
depicting differences in the composition of bacterial communities
by the blocks. Ordinations are based on Bray—Curtis dissimilarity.
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Bacterial phylum? AH3FT= =4 &2, Z&= blockOAl Proteobacteria, Acidobacteria,
Planctomycetes, Actinobacteria, Bacteroidetes, Chloroflexi =22 AHSFE LIt =H LEtRS
M, bacterial phylum &tHEF =2 blockZtel Ato|Lt XM 20| o/t X0|= F&FZEL}t OHEIHA
E EANMCE K9 5K 9UULCHFig. 9). Bacterial OTUS 0|23l H AtSt Shannon diversity index
o A% block A & DOIM XMz S7t0f e Zastes 0| LHEHR 2L, block B 2 COA =
SAHAX2Z RSt et%*Ct(Fig. 10).
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Fig. 9. Relative abundances of bacterial phylum in each blocks with enhanced
snow depth (control<mid<deep).
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Fig. 10. Shannon diversity index of bacterial OTUs in each blocks with
enhanced snow depth (control<mid<deep).
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Fig. 11. Nonmetric multidimensional scaling (NMDS) ordination plot
depicting differences in the composition of fungal communities by the
blocks. Ordinations are based on Bray—Curtis dissimilarity.
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Fig. 12. Nonmetric multidimensional scaling (NMDS) ordination plot depicting changes in
fungal community structure with the enhanced snow depth in each snow fence. Colors in
green, orange, and purple indicate control, mid, and deep snow depth treatment,
respectively.
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Fungal phylume HUEFT =M Z, Z= blockO|M Basidomycota, Ascomycota,
Mortierellomycota =2 & MUUELE Il =H LIEMGCHFig. 13). Bacterial AHE 2=, diversity
indexes, fungal functional traits 52 Y5 blockOA AMdZF SIt0| 2t HSSH| = SHH 2L,
UM ZAuE OHEIIEXIZ 2 E blockOlA 38E H3E d¥S LEHHX= 2UCHFig. 13, 14,
and 15).
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Fig. 13. Relative abundances of fungal phylum in each blocks with enhanced snow depth
(control<mid<deep).
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Fig. 14. Chaol index of fungal ASVs in each

enhanced snow depth (control<mid<deep).
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Fig. 15. Relative abundances of fungal functional traits in
enhanced snow depth (control<mid<deep).
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Fig. 16. List of 23 organic substrates in Ecoplate for analyzing microbial decomposition
rate (triplicated).
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Fig. 18. Nonmetric multidimensional scaling (NMDS) ordination plot depicting
differences in the composition of bacterial MAGs by the blocks. Ordinations are
based on Bray—Curtis dissimilarity.
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Fig. 19. Composition of microbial community revealed by FAMEs obtained from
PLFA analysis. (a) Nonmetric multidimensional scaling (NMDS) ordination plot
and (b) Relative abundance of microbial groups.
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zgel xo|7t dF 2R A(Fig. 23). 53 2

(Fig. 24).

‘.
N

—
i ratio

(T Y 1 W B

o a 8 [= o a 8 - o

Block X Data Block

Fig. 22. Effects of enhanced snow depth on (a) Total carbon, (b) Total nitrogen, and (c)
C/N ratio.
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Fig. 23. Nonmetric multidimensional scaling (NMDS) ordination plot depicting
differences in the composition of dissolved organic matters by enhanced snow depth
treatments. Ordinations are based on Bray—Curtis dissimilarity.
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Fig. 24. Nonmetric multidimensional scaling (NMDS) ordination plot depicting changes

in composition of soil organic matters with the enhanced snow depth treatments in
each block.
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Fig. 25. Temperature—driven changes in microbial community composition and activity.
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Pl
mjo I

1o

27| ZHUOM 2F, A7 Hsl0l HE S50 712 2 HA-SATIA 2 Ha} 24
SE S0l T2 OMEC RIS Ba CHAIS Of0| ME SAJIA WY HE ATE

o 15T F JhR 2EO|A 1427 57| T HYS SHBUCHFig. 28). YeHAT 24

BEST AYHIE OISHEYHOIN FHE MUY BA BT EYS YO HD 24

HEACH 2t MY ZHY AY FI|2 JtA AEE EFSH0 0|42 BY U SHIIA 2y

58 0I5t

Snow

-M : 3 : Fence
| 3 7 Ll Contro!l
s e _

{Alaska, Nome) Sites with experimental snow fences
(Svalbard, Adventdalen)

20 atom% of
8O-water
,_;f.\;,
el

. =

- e
-
k]
°F ) T =

2g Soil

Soil incubation at 5°C, 15°C Headspace gas Gas analysis using

180
O-water treatment under aerobic condition sampling Agilent 78908 GC system

Fig. 28. Aerobic incubation scheme of Alaska and Svalbard soil

_33_

40
ol
=
(@]
o

10



3}, B 9 AROIA 5CECH 15CHA BE oo
oA AgHIZ 15C WY ABE YHATL A|REC
£9 =4 xf0|7} 0 E BT HES 07| o

=
=22 AMEELC ESt AUHIES AL HAE O[S HAdZ I7F AEF0AE Y ==0
E CO, Yz Xpo|7F 422 FA LIEtRHCE HEZAQ 2AHIA = SHLRI N09 2%, &
B AT 25T ALHIE HAZ ST Y U=+ EYMeE Y 22 OE 24 Xto[7t gl
ALCH O3L} 15T EMHE 7t A+ EL0A NO DdZ ST i =70 2HEEQUCE
Alasks Svalbard Swalbard
Active layer Snow fence contral Deep snow
s i
E - e
= z
B
t
3 ' -2 i ]
i - 2 -
Incubietion day

Fig. 29. Greenhouse gas conc. changes during aerobic incubation

o 2A4TIA HA DM E B SH (7Y 108, 2714 53) (RFP 5 F3d )
LY AT FIRAE EY AZOA 24ItA A2 EI|Y DM E 103 (HEYE T 48, &7 &8

2! syntrophic bacteria 5&), 7|8 O|¥E 538 (R7I2 2o &3 DdE=E 35, 24 =& A
NYE 28) & 1539 Ol4E2 =3 &=o¥ 1, KPDCO SF5tAULE (Table 7, 8).

Table 7. Genome information of greenhouse gases—associated anaerobic microbial lineages

MAGs Genome size (bp) Classification Characteristic
Day0_PF.bin.62 1097079 Bog—38 sp003162175 Methanogen
Day0_PF.bin.63 841971 Bog—38 sp003170935 Methanogen

Day336_PF_25.bin.157 3690070 Methanosarcina sp00717714685 Methane oxidation
Day0_PF.bin.18 2663356 Methanobacterium Methane production
Day336_PF_25.bin.168 3289153 Fen—1166 Sugar and organic acid degradation
Day336_PF_15.bin.107 2556805 Acetobacterium Sugar and organic acid degradation
Day336_AL_25.bin.139 2718933 Ethanoligenenaceae Sugar and organic acid degradation
Day336_PF_25.bin.24 2504280 Syntrophomonas Sugar and organic acid degradation
Day336_PF_15.bin.115 4930495 Propionisporales Sugar and organic acid degradation
Day336_AL_15.bin.4 2293704 Paludibacter propionate—producing
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Characteristic
Ammonia oxidizing archaea
Sugar and organic acid degradation
N20 reduction
Complex organic compounds degradation
Complex organic compounds degradation

Classification
Gemmatimonas aurantiaca
Flavobacterium sp.
Pseudomonas sp.

Candidatus Nitrososphaera gargensis
Candidatus Koribacter versatilis

Genome size (bp)
516,351
3,392,265
612,366
753,183
1,527,475

Cell ID
AM—408-K21
AM—-408-C03
AM—411-N08
AM—408—-N21

Table 8. Genome information of greenhouse gases—associated aerobic microbial lineages
AM—408-011
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trapped in the soils of active and permafrost layer in Arctic tundra and boreal forest

in Alaska, USA collected in APR 2023.
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Fig. 33. Methanogenesis pathways in the active layer and permafrost at different
temperatures.
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the southern slope of Mt. Sukakpak, CF, Coldfoot, YN, North of Yukon river, YS, South of
Yukon river, PR, Poker Flat Research Range, and HL, Healy)2 E&35ld & 1170 X &M
HEs EX FHE M FI5tCHTable 9).

Table 9. Basic information about the study sites and core samples

Ecosystem Types Sites ID Coordinates Core length (cm)®
Deadhorse DH N 70.16° W 148.46° 1.6
Caren Pond CP N 69.96° W 148.73° 1.5
Arctic Tundra Franklin Bluffs FB N 69.67° W 148.71° 1.6
Happy Valley HV N 69.14° W 148.84° 1.5
Galbraith Lake GL N 68.47° W 149.49° 1.8
Frost Mounds FM N 67.59° W 149.78° 1.6
Coldfoot CF N 67.18° W 150.30° 12
Yukon North YN N 66.08° W 150.16° 1.6
Boreal Forest
Yukon South YS N 65.84° W 149.64° 14
Poker Flat Research Range PR N 65.12° W 147 .48° 14
Healy HL N 63.88° W 149.18° 1.6

2 Core length denotes the combined length of the upper and lower cores.

EQY T MF = ofF =0 HolUhes 20223 4€0] MHEACH, HFYM M2 =5 AR
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FollAM HEHOAM Ol E 90cmZ7tX|S] &% T I 90cm OF2{olA Z|C§ 1.8m ZO|7IX|Q otF =

S ZHZb AF oLt M5} SR T F Zo| AEE HFO Xgr x=Ho| met XFFG
1.0~1.8m Z0|Z ZESIAUCt AMFE Zo= YZE 22 e E FH2=z USet = 2 HF LY
W ds 22FCt M= Fat 7129 & £0| 230, LA sty HO{YIA AL
AE HHAOME —20° COl 2RFoM, 0|5 LefAItF Z0lA = QIMTIK] FXALL
MUYARLM ot2t2 (ARAON) 22 2&5ts S0 E HS MEHE |XISHUCE

Tof ®Xel UM s L 2¥s Yoty sl FRNAFAS HFY HI(4° C)of HXE
HEPA ZE 7t &H&EE A4t FOi2 MH (ATU-125CR, Class 100 £2215; JOUL, Ojgtal=) L&
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Table 10. List of the dataset measured and analyzed in this study

Categories Contents

Site information Site name, site ID, coordinates, core collection time, ecosystem type

Stock of soil trapped gas (CHs, CO2, N2O),

Trapped gas properties . .
Stable isotope signatures of CHy (8"*C-CHa, °H-CHy) and CO, (8'*C-CO,)

. . . Soil bulk density, total porosity, water filled porespace,
Soil physical properties )
CT scan image

Soil moisture, soil organic matter, dissolved organic carbon
Soil chemical properties total dissolved nitrogen,
ions (Li*, K*, Mg?, Ca**, NH", F-, CI', Br*, NOs*, SO+*)

Soil microbial characteristics Abundance of mcrA, pmoA, and mmoX gene

EY JIEEE EYQ 105° C AAx &1 EQY I 2 HE2 AMstH Ut 21 3
712 AMAE £+ Ys EY 539 WHEESQ ZIFIEL =2 MYAT =9 HEQ water—filled
pore space(WFPS)= O}z Equation 1 and 2 & AF23I0] A AHILCH

Soil porosity(%) = (1' pbu\k/pparticle)x100 (EquatiOl’l 1)
WFPS(%)=Water Contentyoumetic(%)/S0il porosity(%) X100 (Equation 2)

(where, pouk is soil bulk density (g cm™) and ppatice iS Soil particle density (g cm™).

Soil bulk density was determined using directly measured values. For soil particle

3

density, values of 1.0 g cm™ were used for organic—rich soil segments with =15%

organic carbon content, while 2.66 g cm™® for soils with <15% organic carbon content)

Y 4% U EY RIS HB2 22 105° COlAM 24AIZH AE T 450° COIA 4AIZH S0+ 7
A Y 24 H[8S 08510 AL EY pHE HONS pH OIE (Orion Star A215, Thermo

Scientific, USA)2 AIE50 1:5 SEH(E2:2)S 0|2 =0 1@ S 0 SSHS 0.45
m FAtZ7| ZH (Advantec, Japan C 47| (Multi N/C 3100 (CLD), Analytik
Jena, Germany)g £Z RJ| B4 Y SHAL SHS SHAULL E2 HUBE2 0.2 ym FAD| E
Ef (Advantec, Japan)Z CtA| OJ1tst 2, 0|2 I ZROtEI2f Ol (Dionex Aquion, Thermo Fisher
Scientific, USA)2 &O|&2(F~, CI7, NO27, Br, NO;, PO/, SO/) ¥ o[2(Li*, Na”,
NHs*, K", Mg®", Ca’®)e sE& =Ho| o|g8=Uct. BEE JMe I8 H#E &2 Dionex
Seven Anion Standard Il & Six Cation—IlI Standard (pH 3.0%0.3) (Thermo Fisher Scientific,
USA)E AtE3tALE

XA HFE ©E EH@BD-CT) &2 fx[er AEYEIIATY (HEts: )2 16/ME Lt
M CT 2714 (Somatom Emotion, Siemens Healthcare, Munich, Germany, 2ZE0{ HA
syngo CT 2007E)Z2 <#dHsIUCt. HS EYF IZOHE WEZN =1 4 X 0.6 mm

collimation/acquisition & 0.6 mm slice thickness (depth—wise) 2 HR spiral mode scang £

2
E
_O'h
2
—
O
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3t
EQ AZO0| 28 MAEZO JWE J|H = wet extraction LWHES A7t £™50 EFGIUCE ™
, S MEHO| HCIE EQF AIBE WZHE (—20° C) X3 NaCl 8doz Y 1L mason jar
ol ~

. O|F, NaCl| a9l e HHt=2 Ar 7IA(1 atm, N50 99.999%
=I)E X& F, |3l mason jarE &20AM = AlZF SQF FRUCt 2tH5| s

S|

o

ni ?

E & OEQQ AR ZHJYH J|ME EESIE headspace ZIAH A|IEE FAI|E 50mL ZEE S|
Ct

k=21

=

=

o

|

—

Y1 headspace

Hn &Q
00 2
oy
o O
o ok
mo ¥2

il

ot

B o 3R

|
DERE JIM AMZEE 3709 12mL Labco Exetainerd| 22 7 ©Of, StLtE JtA SE

§
SHR L, LIHAl & e oHd S?AEL 24822 0|85t 7t& A= MEH & 0| AtstE

-

= cavity ting—down spectroscopy (CRDS, Picarro, USA)E =750y Equation 30| A X
E|

S HEPS AN

8 SO“) = Cmethanexvheadsoace / Vsoi\ (Equation 3)

Trapped methane stock (g CHs m~
(where, Cmetane IS the concentration of methane in the gas sample (g CHs mL™"),
Vheadspace 1S the volume of the headspace in the Mason jar during wet extraction (mL),
and Ve is the volume of soil sample used for wet extraction (m?®))

JIHM A2 8SC-CH, ¥ 3"C-C0, o8 s9Q¢ Me ol ZezlzL ot Fo Y= UC
DAVISS| stable Isotope Facility (SIF)OlAl +85tUCH. &'°C—-CHs 2M& HIO|Z2 Thermo
Scientific Delta V Plus isotope—ratio mass spectrometerdl HZAE=  Thermo Scientific

N

i
rlo

2

GasBench Il + PreCon trace gas concentration systemOlAl, 5'°C—CO,& H}O|22 Thermo
Finnigan Delta Plus XL isotope-ratio mass spectrometer®] HZE Thermo Scientific
GasBench IIE O|&3sl%Ct HMEIS] HS Agilent GS—CarbonPLOT capillary column (30 m X
0.32 mm ID x 3 pm film thickness, 30° C, 1.0 mL/min flow rate)=, Ol&tstEtA= Agilent
PoraPLOT Q GC column (25 m x 0.32 mm ID x 10 pm film thickness, 50 ° C, 2.0
mL/min S2)2 AI256I0 IRMSOHl F5t0 JIX A2 SAL =SS SIUCL §°C-Eta
oI S0 ArEE BEE SE2 ZtZE Vienna Peedee Belemnite (VPDB) UC EtA ©OF
A HE2 Ofef Equation 45 0| sl A &H5HULE.

|_

oA

o= (Rsample/l:zreference_1 ) X 1000 (EquatiOﬂ 4)

(where, Rsampie is the molar ratio ('*C/'?C or ?H/H) of samples, and Rieference iS the molar
ratio of international references. The & values are conveniently presented in parts per
thousand (%))

ZF EY HH AR 1000 EY O0'4= DNAE -
raw sequence filtering2 2021H ASHIZ OtEHIEEH AEet Yot YH2zZ SASIQULCE
Shotgun metagenome ZXOIlAM MHEH M2 o EH =
flsif EeElEl ZHZE metagenome readoil A HEF 4o I ME Ao 2OStE =2 Jlsd =
HMAE HAMIUCHmerA encodes the a- subunit of the methyl coenzyme M reductase (MCR),
pmoA gene encodes the B- subunit of the particulate methane monooxygenase (pMMO),
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and mmoX gene encodes the a- subunit of the soluble methane monooxygenase (sMMO)).
GraftMv0.14.0259] 7|58 |& X & reference database (gtdbk)E AFESId merA, pmoA, 11
2l mmoXQl 758 | MES AMst FEFMCE MicrobeCensus v1.1.1262 AFEstO] =
dE= genome equivalent 2t2E RPKG (reads per kb per genome equivalent) SH Y 7|4
RS dUIREEE HZT2H510 O|F 240 0| &35IULt.
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Fig. 37. Latitudinal distribution and depth profiles of soil CHs4 stock and relative abundance
of methanogen in Alaskan permafrost. (a) Map of the study sites where the soil cores were
collected, and ecosystem types and permafrost extent were displayed. The map was edited
from the figures in published literatures. Latitudinal distribution of (b) soil CH4 stock and (c)
relative abundance of methanogen of each soil cores. Relative abundance of methanogen
was obtained from abundance of metagenome—extracted mcrA functional genes and
normalized by RPKG (reads per kb per genome equivalent) statistics. The depth was divided
into 20 cm intervals, with red and blue indicating high and low values, respectively. (d)
Relationship between soil CH, stock and relative abundance of methanogen (n=123). A
linear mixed effect model was used and the error bands surrounding the red regression lines
represent the 95% confidence interval of the correlation. The above box plot shows
statistically significant differences between Arctic tundra and boreal forest (unpaired t—test,
n=76 for Arctic tundra and n=70 for boreal forest, ***p<0.001). The thick central lines
represent the median value, the boxed areas represent the interquartile range, and the
whickers show the maximum and minimum values. Depth profiles of (e) soil CH4 stock and
(f) relative abundance of mcrA (RPKG).
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% soil 2 LEIHoH, LejATE JA HHY
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01) (Fig. 37b), Ol 1T ZE Z4H
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Fig. 38. (A—1) Physicochemical characteristics of soil samples
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positive correlations, respectively.
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2 AFA O EQX MZ HEHZO| transition zoneO|A ZHENE 012 (1) =2[HQl HYR],
(2) SFct oigt Mo, O2[10 (3) MEHE MEH &5t Al JHXQ] JtsdE ds & & UL HA,
AR EY AAE LWOM J[H &0 SR8 IdgE S| W20, EHibs Wolstes A2
transition zoneOA HHE CH;2l SHZ =i &+ UCh =2 EY 7MEHER ¥2 338 &
U AAE W BHAME TA £50 S22 IS ot EY 330| MEtEo UZSE EHF= X0
1, 0l EY W CH,e ol3ds daAZd & Ut EX M HEHS =X RASH, & 4
EfA 25 80—-100 cm EYS0UAM I =2 EQ JIH I} 2HEEY oM (Fig. 38b), |9 6t8 o
Xgh 22 B0M O @2 3250 HEZACHFIg. 38c). M2tA, 80—-100 cm EXE9 O =2
JHEER M ¥2 SS&2 HEO| et EAS2E =ME = AS XNolistH O 5 ol =2 o
Bt =& LBt & UCH Eeh Ol2et EY Sd2 EHSZRH A 0|52 20 H=S g7
HEfE TS0 80—100 cm EAJ0A HE dds Ed3tA = = TEAC B I ES
37t 3289 dac ko HAZE 0|0 Z&to| ofgt CHy +=&=C OtL[2F 80—100
cm EYE IX 3= 0|52 S8 & CH4 Ol HEBt X2
Op7le & UL ZAC7t, SES SZ-8dll F7l= ASH EY AHONMEPH =51 d=5=
AHs5t] CH4o 7] ©ES %1 CH,2l ote Ols= /EeC et EY CH2l 22 EYS
OlM =&z A8 S2(Hel WX Z30|AM 7|Qlste A2z Y2HECE

M A2 HMA SARA(S"C—CH,s and 3'°C—C0O,) 241 A, EL0| ZHM XM ZEE YU
oM EstA o etMM L E (£36], hydrogenotrophic methanogenesis)Ol A 7|18 C}
H

ez
E 92 & UUCHFig. 41). HIE MATFO| NN BEREE EY CH, MY KA
5

Azo M2t Sotstes dES HO0|H(Fig. 37c), EQY MZ O EHZFN} oA 49| ARZEEHA
(Pearson ‘s correlation, r=0.421, p<0.001) & 7t® CHFig. 37d). 5= E=2t2} SHHAE Ato] 9|
HE MEdAO MUAE FTEZO= F290|8t A0|E EALCHpPO.001, Fig. 37f). 5= E=2te}t &t

MM S8He2 =2 dUd SRS UEHeE HE ddd 82 Ca. Methanoflorens
2 HEIeH, IO os2=z2 YEfAN mEtM, S= EE2tel E%  Methanobacterium %
Methanosarcina 12|11 SHHAR Ol AR Methanoperedens 2| U™ FEZI7 =H LE}
(Fig. 39a). Mgt 7o MA FHFZE Hlwst7| ?I NMDS plotg d2{& 21, 53
2t SHHAFRIONA AR ME dddo #EO| &AM, HE 87 FHo Xo|E
712 &%, pH, ¥2E 0|2 s S22 LIEHRCHFig. 39b). MEF 2
ition zoneOllA O|MSHA ZlCHgtE LiEHHE 2 =2ZJX T, two—way

o

n

=

=
S

0x ™ fm :C

=T )

ANOVA 52 HE3E I SAN2ZE wolstA 4UACH(Fig. 37f and 39a). WERA ST A0 H
f 5= ESEtolM HE dd Z8e SR H =2 A2 F dHAe B MY HEF X0
£ H48% 4+ USNUE, EY HT HES0| 2 transition zoneO|M Z|tigtES =Ol=X0f cfst
ad8et ZHAEME HESHA Xots A2=2 =HQIEAL.
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Fig. 39. Composition of methanogenic community. a Mean

methanogenic MAGs according to ecosystem type and soil

relative abundance of

depth. b Nonmetric

multidimensional scaling (NMDS) ordination plot depicting changes in the composition

of methanogenic communities. Ordinations are based on Bray—Curtis dissimilarity.
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Fig. 40. Depth profiles of relative abundance of methane oxidizers and potential CHy
oxidation rate. Different depth profiles of relative abundances of (a) pmoA, and (b)
mmoX genes in Arctic tundra and boreal forest soils. The abundances of the genes were
normalized using the RPKG (reads per kb per genome equivalent) statistics. The above
box charts show statistically significant differences between Arctic tundra and boreal
forest (unpaired t—test, n=79 for Arctic tundra and n=78 for boreal forest, ***p<0.001).
Results of the aerobic and anaerobic soil incubation experiment by layers under high
(initial CH4 conc. = 1000 ppm) and low (initial CH4; conc. = 50 ppm) affinity CH,
oxidation conditions using the soils of (c) Arctic tundra and (d) boreal forest. Numbers

' soil day™' calculated from the

indicates potential CH4 oxidation rate in ng CHs g
changes in headspace CH4 concentration (n=5 for Arctic tundra and n=6 for boreal

forest).

FASHAL, pmoA2t mmoXx2l Htf SR EE 0| 3al =lct HiE dH7e X £ MEfA /Y
(p<0.001)0ll M2t SAHAX2Z |28t XI0|§ ERXCH oo ME ZE= AA HFSHA Xt
= Ao® LIEGCHFig, 40a, b). 2|1 pmoA2t mmoX°| &3 XI0|7f AMEFE[AH LEHG =G,
pmoAE == EECSMOAM SHHAME EC O =2 dUIETE HEHI2L mmoXxel BRe g
CHE LtEtSCH (Fig. 40a, b). ZI0|E HE M5t ZHAS AU ESH Y HAEE SolilM 246 Z
I, 22 E=2e st Mgl 25& BEES0M e high affinity 2 low affinity MEH Av3JF SAjof 2

JO| LIEtE HHH | transition zon

CH(Fig. 40c, d). EY HES2 [

affinity Ol &t Atst Z40] LtEHH 2

M gdg UEHD AA=dl, o=
A

HEtS Ol8st= ME &30l 2d& LB AV HE2=2 2ol Moz HE Mst

I D
=
1=

FASESHM= low affinity MEH A5tk 242 LIEHLHSRL

IQP gt=hor QI M EOl, o7l sk HMEE AEskE high

2 MZH=EICH Low afflmty M E AM3tel 42 2= EY
g o
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Fig. 41. '3C stable isotope signatures of soil CHs; and COs. Isotopic composition of
the extracted CHs and CO, gases from the soil cores. '>C Reference material was
Vienna Peedee Belemnite (VPDB). Bright and large points refer high soil CHy stock,
and dark and small points refer low soil CH, stock (n=72 for Arctic tundra and n=37
for boreal forest). A red line indicates border of which methanogenic pathways are
predominant, hydrogenotrophic or acetoclastic. Histograms show the distribution of
each isotope signatures, and blue and green color indicate Arctic tundra and boreal

forest, respectively.
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Arctic tundra in KG
N 65.44° W 164.66°
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Fig. 42. Map of study site. Arctic tundra near Kougarok and boreal forest near
Yukon South.
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Fig. 43. Different influences of wildfire on soil moisture, soil organic matter (SOM)
content, concentration of dissolved organic carbon (DOC), and dissolved organic nitrogen
DON) between Arctic tundra and boreal forest soils.
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MEXNYE EY IO 2M4 2, 53 EEEME AS0] EY X5t QX0 OjX= JO|
e 2 A2=2 LIERCH S5 EE2t #5 EYQ EY £5, EY |RI|= &, 2& 771HL,
8 |IIHELIE B2F M=0 Qo 22 ZEL2=2 ZHASIUCHFIg. 43). SHHMBIOME =0 28
2S EY 7 2 R|II=Q 447t 4R LIERCeL 5= EE2te FdRECsE dUEe=z
IACH, 232 EEE FIIHA Y EE /FIIELAS ERs AF ZUHME 2XCH (Fig. 43)
Mk, =2 SHAE 2Ehbe 55 25 EY0AM 24 A2 EY RIS 448 rEe
Aoz OoFECH ol F JtXl 7|&0| Jtssetd, sties s DAl AY dio|mjAl EQF
FI7120| MY ZE HALO 7| F2Z O|MFIEIAS HEZE HIEEl= Z40|1, CE stie
ME OlF TISEE RIIE Bo S0 ot AARE EY || Zoi0[Ct O|F =I5ty sl
Zt K™ BS EYES Fig. 44a0| LBt =AHE Jtoll enzymic latch 2= 38 QFHO|M AHS
MM 27 AL HIIZAZ2 |X61F10, &=MU2 s7|Z2H 2 SI7|/ZZA+phenol
oxidase #7t(Agaricus bisporus FE Jaccase) ZTHE F¥stn Zt ZHAYH HEZ9| XIO[ (&£
AF0ME EY FII2 =0l 2/gh O|MtetEka LM 2ol XI0[)E 0| &35t0 enzymic latch 7| &S
2olstCt. ZoA HEOo|= Hieb Z0| S AMEoA  AHE0| LESIFUZNE =Fotl =55
=E2tol Hlai enzymic latch 7|20 G{& 35| & &S5t U= AS &l = ULt ol 5=
=52 =0 ¢ OlF AJ0E EY RVIS0| HdHfECz Zdkl7 42 2EE Y5
77129 X&Hel zaf I o7 5 HES FLUY Jtsd0l =88 &€ & U

??I;E{iﬁfﬁ g{}%; Cumulative CO2
Incubmtion scheme

Fig. 44. The incubation experiment for determining enzymic latch mechanism. (a)

?&emi ﬁwdase

E® BT

Lontrod n | {

Schematic diagram for the incubation and (b) results.

=22 5= ESCket SME EY 250 IA‘I EY nds 2dol relet SES Al A=
LIEFGCH(Fig. 45). SHHMEOME 25 £ ZOI0A Proteobacteria®l ST EIt S7t6t=
ZA0| ZEEA2H (Fig. 46), 1 2 phylumOlME OCHA] FS52Etet dUEFE Halst 255X
= 2UCH Jd2H 55 EESt0M = 53| Chloroflexi®t Rhizobiales@l ®#Z0IAM 2 77t ZHEE
A=H, ol 2Fz2 EY ®7I=22 =dlste Adzs 40 @A HAStE U= A= 2y
M UASH, MEtM 55 EES0M= M4=E0] 0l 2/FEe SFEE S/AA MA=a 240
gt EY 7RI EME /EARE JtsdE EAHEL
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Fig. 45. Changes in relative abundance of bacterial phylum affected by wildfire in
Arctic tundra and boreal forest soils.
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Fig. 46. Changes in abundance of chloroflexi and rhizobiales affected by wildfire in
Arctic tundra soils.
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R0K5tH, B3 EE2to] 422 EY |7I80 O[MSSE 2o o Z78 Tysted
B, SIHMRIC AE2 SER HO|QAY EAMAL 5SS S EYM NE N5l SRS A
25101, enzymic latch 7I%E Ol FE |ANH |72 2HE MAHA7ID N2 4y
NEE SAA B JH540| 52 HoE WHECHFig. 47). MEtM, &E O1F A7|o] BHA HjE
BEOM BONYEC 23 ES2TL MB0 O HGE + USS HOIECH

Micrsbial decompaiiting

11t
m

* Phenolics

Unstable
C

l JE88

Stable C Stable C stable C |

Arctic tundra

Fig. 47. Schematic diagram of different influences of wildfire on soil organic matter
decomposition and stability between Arctic tundra and boreal forest soils.

Ct. OlEXIdN S&E dEA =& &5 A7
O OIEX BHAF GIFX B8 ZAF & IMEI AW Yol (1XEE A2 IO A 2 E)

— FHLECt IMA (Intensive Monitoring Area): IMA AIO|E Q(X|& FURE FF Y EZof Mo 1
g2lLo] &4 £9olct. iUt 2 X XAIH (POLAR)S 1= &= H1I|X[(CHARS)MAM S4 ¢

el dFer XO|Ct ZHLict AFEEZ2 2L o 24 g
g Z23ste 7t 8% 02 Ag2E Z425FH &
5

E
A 4742 dEEoM F2 EEA ZUHZS A=/AA St

£, =/ =
sedge fen, and shrub sedge sites. @XM 7IX| 2719 ojCias2&4 SHS e EIRE, paired
aread| ZtZt YRA=EZE ZL|E{ 2 (deep permafrost hole) & MX|5t Y =o|C}.

— Jglgt=: Oglete oM sHEQJE EY njdE §d o
KL Z1E0 OE=E o E XM +dE EX OYE £
2 S22 M5F &llQH Station Nord FL0AM OME £4 A
NordOiA 202001 7| EH2tZ A0 ME RldE Sd Hat A7Z207F 20F HE QUCE
HAFEOM A O FQ! Sirius Passet X[F0A S EX LU Oj¥E §Y AFs

HE @ich OISR SE MEfA AL o ZX[Q Sirius Passet A|F0|AM2
39.6~16.1C(HX AWS At=Z)0|H, LT Aoz S5t SAZSTE LCHolA JHE AY0|
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H2F 20355 (= S17908)0IA B3| U2M, 0|5 TS3I/LY L IIIetE M2F 2035, of =X
3 FOFE ZEstd UL =8 IAeE (1) 538 e o - 4556 g8 X292z {4 (2)
S30IAE o= §3F £ (3) 2AF X= RAE Ast = (4) S=IEHMOIAMIE 5= AH
Jte YHdE ot Fo xH2Z UM 5 EFst ULt HA[OF Hi2teHE 7| X7t fIX|e EAMH|F|
o] A ZAF A N9 559 AY #He EFE Eelch

O FHLICEH IMAS| AEHAIO|ES ME A E4

- 7] 28 QX (RE, 3, 85)
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Fig. 48. Mean air temperature and wind speed and direction during winter

(October—May) in IMA (data shared by POLAR).
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Fig. 49. Four vegetation groups in
IMA
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Table 11. Vegetation coverage in four ecotypes of IMA
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Table 12. Several soil properties in four ecotypes of IMA

Ecotype Dryas-Carex Cassiope-Dryas Salix-Sedge Sedge Fen

Soil Layer Organic Mineral Oi Oa Organic Mineral Organic Mineral

Sample # 5 4 6 2 5 5 5 5

MC (%) 121+9¢ 14+0.6° 276+22° 162+75¢ 400+19° 32+5° 632448 127+22°

pH (1:5) 7.6+0.1° 8.7+0.1° 7.2+0.1° 7.7+0.4° 7.1+0.1° 8.3+0.1%° 6.140.1° 7.9+0.1°

EC (uS/cm, 1:5)  282+17° 114+9° 291+36° 161+44° 495+65° 134+10° 7641947 3321647

TOC(mg/qg) 0.36+0.113 0.03+0.015 0.33+0.038 0.15+0080 051+0.104 0.04+0.017 0.69+0.046 0.16+0.070
TN(mg/g) 0.030+0.008 0.003+0.002 0.028+0.006 0013+0.008 0.042+0011 0.002+0.001 0061+0.005 0.012+0.006
TOC/TN 1174102 1194454  121+£149 1154082  125+124 2534674 113+119  13.6+123
Sand (%) - 48.5+10.8 - - - 5.740.7 - 6.2+4.2

Silt (%) - 417459 - - - 71.0£5.2 - 77.542.1

Clay (%) - 9.8+5.6 - - - 23.3+48 - 16.4+3.5

Table 13. C & N contents in plant species  Table 14. Soil organic C & total N

under different vegetation types in [IMA, contents under different vegetation types

Canada in IMA, Canada

Community | Plant # C%) SD N(%) SD Community = Layer #  C (%) SD N (%) SD

D Cassiope 5 513 29 08 005 CP Og 6 360 39 214 026
Dryas 6 480 07 148 023 Oa 2 235 130 154 078
Sedge 4 443 04 | 164 028 Min 1 0.8 0.08

D Dryas 6 469 07 133 o018 P Org | 5 337 46 222 | 037
Sedge 3 431 08 | 126 040 Min 4 12 0.5 009 003

Se Moss 4 385 09 140 008 € Og 5 444 06 284 012
Sedge 4 422 05 176 012 Min 5 8.6 31 058 020

ss Dryas 5 428 05 133 007 °° Og 5 405 28 272 026
Salix 3 406 05 183 010 Min 5 2.6 15 019 = 0.11
Sedge 5 401 05 157 0

z g 3

e

Fig. 50. C and N isotopes ratios in each plant species (left) and in soil layers (right)
under different vegetation types.
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— FHLICEH IMA AFO|EO|A AlMo| ME EQ O/MSS & TX HI 24

FHLICE IMA  AIOIEES CHAS=Z 47(X] 2 AM E 8 MHog 28 =24 Z3
Cassiope—Dryas ZME AMol EQF M CHAH0| MUz FAH HEBEACHFIg. 51). M

= (phylum) &2 FX0AM= Sedge? Z2 COE Ad EJS0 Hls§ Firmicutes,
Bacteroidota, Chloroflexi2 H|S0| AtfE Sz = ULt oY =52 5% =770 U7
= g7 a2z FdE UL, o dd7a g3 A4AE O|F= syntrophS0| &= A2
Z HO0} Sedge MM stF EU2 ME YH0| O|FO0X= &Y &E2=z2 FHECH A4 EIY &
Z2 M7 #8 X7t LHF{XH 53| Sedge?t Salix—Sedge EtRIO| CtE AMSI= =Hs F
ZECH Ol ¥M 2 &2 ZZ X0[0|AM =it HEQE ZH0] Sedge A SHRO| EXst= &7
E Mas29 fEO v|elst Aoz HHEC EQ EIY H2E BEE |72 EYA HF 04
2 EQY 7t =S M #E T AH0|E Hol=0 ol EY oo mE M7 =% Aol A
o2 EHECHFig. 52)

fE . T =

Sharrom
3
1
Nyl abursdanor (%
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Fig. 51. Comparison of bacterial diversity and phylum composition between four
different vegetation types in IMA site, Canada.
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Fig. 52. NMDS displaying bacterial community structure with different vegetation and
soil types in IMA site, Canada.
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O Je#E 19k 25 n[gX EY U O848 &4 ZA
- JBIZE JI9E 5= 0NN Mo HE EY &4 Hlu =M
J2I2tE Sirius PassetX|do| EQY 2AM A} (Table 15), YEIX O 2 Carex, Cassiope, Dryas
MY ol EY BIStY SH2 e WS HYE EEE0 UYUCL HEE FIY =Y Ml
1, E35| Oxyria 2H2 pHII 8.72 Ol =L}t Cassiope, Dryas, Carex Al Of2f |7|EtA
ROl =UD, HHA MAEIEH2 2%0[s5t2 #f2 LIELAULCE. =Y Eot AFEZF HXIL ZA2L
AP &0l 7HE =1, Saxifragas= Zef 2t OJA 20| Of R CHASH X0 A A SHAULCE
Table 15. Soil physico—chemical properties under different vegetation groups in Sirius
Passet, Greenland
MC pH EC TC TIC S0C TN %/t’l\'o Sand  Silt Clay
Carex 1241 7.4 140.8 6.4 0.5 5.9 0.4 13.1 9.6 70.0 20.4
(83.9) (0.5) (22.4) (2.8) (0.3) (3.1) (0.2) (1.3) (13.00 (9.3 (8.8)
Cassiope 70.7 7.2 209.6 11.5 0.5 11.0 0.7 14.7 21.4 63.1 15.5
P (32.3) (0.1) (44.1) (3.7) (0.1) (3.6) (0.2) (0.7) (7.2) (2.7) (5.6)
Divas 54.4 7.8 178.9 7.7 1.3 6.4 0.5 8.8 24.8 62.8 12.4
y (67.1)  (0.7) (70.2)  (9.1) (0.5) (9.3) 0.7) (3.7) 11.7) (9.2 (9.3)
Oxyria 9.6 8.7 245.5 2.1 1.2 0.9 0.1 7.5 32.9 57.2 9.9
Y (2.0) 0.2) (25.3)  (0.3) (0.2) (0.4) (0) (1.6) (3.3) (2.7) (1.8)
Salix 20.8 8.2 185.2 3.4 1.4 2.0 0.2 9.3 28.4 61.7 9.9
(10.4) (0.3) (45.3) (3.4) (1.4) (2.2) (0.1) (4.6) (17.2) (14.4) (2.9)
Saxifraga  24:3 7.5 105.9 2.8 0.7 2.1 0.1 13.2 40.8 47.8 11.4
9 (13.2) (0.6) (22.2) (1.1) (0.4) (1.5) (0.1) (2.1) (28.4) (21.8) (6.8)
Silene 10.3 8.4 236.8 1.9 0.7 1.2 0.2 7.2 17 69.7 18.8
(3.1) (0.1) (64.2) (0.8) (0.4) (0.7) (0) (2.7) (5.9) (4.5) (1.8)
- JBIEE EQXF AFQ| BA - A S/¥L &M
J2IZE Sirius PassetX|99 EQ EtA A MY EAAL M A (Fig. 53), ZE A =0
M -26~-—28At0|2| Zt2 LIEHHY C3A =9 EME HQn, s #80 g S0|8d2 FHst
A EO|X| LULE HA AHHSAYA ESH HFEE 0 0|49 g2 ERUCt Cassiope =& ot E
%ol AR N2 L2 AMEFZ ofgf EXEC) depleted=0 U=, FHLICH IMA AE SQL
24 2D} Cassioped! 22 20| [I2 ASHERL S35 o 3°No| Z2 ZHg 2 £ Act. et
N, E 8"°Ne| &2 Zt2 ASAH M e E40| EX0| HHHE o2 o AZICY

Fig. 53. C and N isotopes ratios in soil layers under different vegetation types.
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- Jd2l2tE ARk 53 OjgXoM Ado E ES OldEe &8 #X

S22 Sirius Passet X|G0M A EIY H2 23 0Y¥E 78 225 4H= 20 AT
=& B2 Z(phylum) Bl F=of Xto|7} X 2 vH, A7 FH2 Ao ZFO wet 2
Aol E H=<UCH(Fig. 54). Salix, Dryas, Oxyria A2 £0|AM = BasidiomycotaZt &stil, Silene,
Cassiope tetragona, Saxifraga M= AscomycotaZt 2FSIFCH EQ 807 e FEH
4 XGOo[X|BF X F&o O E XE=9 ¢ EL0M UAR= Mo, dd #& =41 2 A10|
£ HO|X| FRULE.
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Fig. 54. Differences in relative abundances of bacterial (left) and fungal (right) phylum
among cover vegetation types in the high Arctic soils of Sirius passet, Greenland.
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Fig. 55. Differences in community structure of bacterial (left) and fungal (right) phylum
among cover vegetation types in the high Arctic soils of Sirius passet, Greenland.
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Fig. 55. Comparison of bacterial diversity (left), and bacterial phylum composition
(right) between Canada IMA and Greenland Sirius Passet areas.
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X 9| alpha diversity 2 2 o 2x A 2|, F X9 Zt MF ZEFEX
st Xto|E 2 (PERMANOVA, Pseudo—F=4.3, p<0.001) (Fig. 56). EQ EM =
o
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Fig. 57. Composition of fungal communities at the class level (left), and micro—eukaryotic
communities at the phylum level (right) across different vegetation types in Sirius Passet,
Greenland.
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Fig. 59. Summary of the experimental results in the effects of Freeze—thaw cycles
on soil biogeochemical properties
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Of. 2X|H LA KPDC(Korea Polar Data Center) 240X SA =5
it PN21012 ==4
[KOPRI-KPDC—00001879]

1 Soil temperature and moisture content data collected from summer climate | 2021—-11-29
manipulation plots in Cambridge Bay, Canada from 06/2019 to 09/2021
[KOPRI-KPDC—00001878]

2 | Air temperature and_humidity data collected from summer climate manipulation | 2021—-11-29
plots in Cambridge Bay, Canada from 06/2019 to 09/2021
[KOPRI-KPDC—-00001877]

3 Soil temperature and moisture data collected from winter climate manipulation | 2021-11-29
plots in Cambridge Bay, Canada from 06/2019 to 09/2021
[KOPRI-KPDC—-00001870]

4 | Bacterial and archaeal genome sequence data from anaerobically incubated | 2021—11-09
permafrost soil (Alaska)

HH PN22012 ==4
[KOPRI-KPDC—-00002122]

1 Soil temperature and moisture data collected from winter climate manipulation | 2022—11-02
plots in Cambridge Bay, Canada from 09/2021 to 08/2021
[KOPRI-KPDC—00002123]

2 NDVI data collected from climate manipulation plots in Cambridge Bay, Canada | 2022—11-03
in 2022

3 [KOPRI-KPDC—00002125] 02001205
Permafrost core samples in Council, Alaska, USA, 2022
[KOPRI-KPDC—00002124]

4 NDVI data collected from climate manipulation plots in Council, Alaska, USA in | 2022—11-03
2022
[KOPRI-KPDC—00002126]

5 ) . . . 2022—-11-03
Soil samples collected in Cambridge Bay, Canada in 2022
[KOPRI-KPDC—-00002127]

6 Soil moisture content data collected from winter climate manipulation plots in | 2022—11-03
Council, Alaska, USA from 09/2021 to 09/2022
[KOPRI-KPDC—-00002139]

7 . 2022—-11-03
Geophysical data across a snow fence
[KOPRI-KPDC—-00002154]

8 Chemodiversity of dissolved orgamic matter of Svalbard soils using FT—ICR MS | 2022—11-04
analysis
[KOPRI-KPDC—-00002155]

9 . . 2022—-11-07
Bacterial and archaeal genome sequence data from Alaska permafrost soil
[KOPRI-KPDC—-00002460]

10 | Carbon dioxide(CO2) flux measurement using manual chamber from climate | 2024—-05-07

change manipulation experiment in Council, Alaska in 2023
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HH PN23012 ==4
[KOPRI-KPDC—-00002415]

1 Soil temperature and moisture data collected from winter climate manipulation | 2023—11-29
plots in Cambridge Bay, Canada from 09/2022 to 08/2023
[KOPRI-KPDC—00002429]

2 . ) . ) 2023—-11-30
Phospholipid Fatty Acid(PLFA) contents of soil in Cambridge Bay, Canada
[KOPRI-KPDC—-00002430]

3 . ) - ) ) 2023-11-30
Phospholipid Fatty Acid(PLFA) contents of soil in Council, Alaska in USA
[KOPRI-KPDC—-00002431]

4 NDVI data collected from climate manipulation plots in Council, Alaska, USA in | 2023—11-30
2023
[KOPRI-KPDC—-00002432]

5 NDVI data collected from climate manipulation plots in Cambridge Bay, Canada | 2023—11—-30
in 2023
[KOPRI-KPDC—-00002433]

6 Soil temperature and moisture data collected from winter climate manipulation | 2024—05—-07
plots in Council, Alaska, USA from 09/2022 to 08/2023
[KOPRI-KPDC—00002461]

7 Carbon dioxide(CO2) flux measurement using manual chamber from climate | 2024—-05-07
change manipulation experiment in Council, Alaska in 2023
[KOPRI-KPDC—-00002465]

8 Data on soil methane flux, physicochemical and microbial properties during the | 2024—06—-05
2023 growing season (July — September) in Council, Alaska wet tundra

HH PN24012 ==4
[KOPRI-KPDC—-00002711]

1 NDVI data collected from climate manipulation plots in Council, Alaska, USA in | 2024—-12-27
2024
[KOPRI-KPDC—-00002712]

2 Soil temperature and moisture data collected from winter climate manipulation | 2024—=12-27
plots in Council, Alaska, USA from 09/2023 to 08/2024
[KOPRI-KPDC—-00002713]

3 Soil temperature and moisture data collected from winter climate manipulation | 2024=12-27

plots in Cambridge Bay, Canada from 09/2023 to 08/2024
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Fig. 4. Biological responses to deeper snow cover at moist (Council, AK) and dry
tundra (Cambridge Bay) sites: (a) NDVI, (b) ecosystem respiration (Reco; b), and (c)
total PLFA. 'Ambient' and 'Deeper' represent the control and high snow plots,
respectively.

Table 6. Soil chemical properties affected by deeper snow cover at moist tussock tundra
(MT) and dry tundra (DT) sites. 'Ambient' and 'Deeper' represent the ambient and deeper
snow plots, respectively

Site Council (MT) Cambridge Bay (DT)
Treatment Ambient Deeper Ambient Deeper
SOC (%) 7.5 (£0.43) 8.5 (£1.12) 0.7 (£0.06) 0.8 (£0.12)
TN (%) 0.3 (£0.03) 0.3 (£0.05) <0.1 <01
DOC (ug/g) 139.3 (+25.03) 235.4 (£70.80) 21.7 (+£6.00) 21.1 (+£5.04)
TDN (ug/g) 7.02 (£1.58) 12.55 (£2.80) 1.25 (£0.53) 1.76 (£0.44)
Inorganic N 0.01 (<0.01) 0.02 (+0.01) 1.45 (£0.61) 1.45 (+0.59)

(M9/9)
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Fig. 6. Carbon (C) distribution in each fraction influenced by increased snow cover at
moist tussock tundra (Council, AK) and dry tundra (Cambridge Bay, Canada) sites.
Ambient’ and 'Deeper’ represent the control and high snow plots, respectively. Double
asterisks (**) indicated statistical significance at P<0.05, while a single asterisk (*)
indicates marginal significance at P<0.10.

¥ Deeper snow cover drives divergent biological responses and SOM vulnerability in
Arctic eundra ecosystems (Global Change Biology, IF 10.8, mrnlF = 100, =& &A &)
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Fig. 3. (a) ERT, (b) GPR section at snow fence. (c) ERT, and (d) GPR section at bare

ground.

layer and permafrost.

— A HD

The red tick is location of snow fence. Red dotted line is boundary of active

Table 5. Changes in carbon (C) and nitrogen (N) contents in plant leaves in response to
deeper snow

Site Council (MT) Cambridge Bay, (DT)
Species Eriophorum angustifolia Ledum palustre Sphagnum spp. Dryas integrifolia
Treatment C H C H C H C H
C (%) 46.5 46.4 52.5 52.3 43.2 42.9 46.2 451
) (£0.17) (£0.13) (+£0.06) (£0.13) (£0.16) (£0.29) (£0.41) (+0.67)
N (%) 2.2 2.2 1.3 1.4 0.5 0.5 1.5 1.8"
) (£0.08) (£0.09) (+0.03) (£0.03) (£0.04) (£0.03) (£0.06) (+0.89)
CN 21.7 20.9 40.7 37.2 92.2 80.3 30.7 25.5™
(£0.74) (+£0.93) (+0.91) (+0.90) (+6.44) (+4.56) (£0.95) (+0.89)
% CH2 HD OIRtE BBIZY 4-8 &HX
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o 2AMJIA At DIME 5 SH(EI1Y 105, 27|14 55) (RFP 55 HZ4EN)

e A7t 712 EY ARNM 24714 AZ HIH 0|88 105 (HEMHZ 45, 87 =8
8! synirophic bacteria 56&), 7|4 0|48 55 (87|82 =8 &3 D|M2 35, A4 =8 A
DME 25) & 1559 D|¥SS 53 2FsFD, KPDCO SH3IRICH (Table 7. 8).

Table 7. Genome information of greenhouse gases—associated anaerobic microbial lineages

MAGs Genome size (bp) Classification Charactenstic
Day0_FF.bin.62 1097079 Bog-38 0003162175 Methanogen
Day0_PF.bin.83 g41a71 Bog —38 5p003170935 Methanogen

Day336_PF_25.bin.157 3690070 Methapasarcing sp001 714685 Methane oxidation
Day(_PFE.bin. 18 2663356 Methanabacterium Megthane production
Day336_PF_25.bin.168 3289153 Fen—-1166 Sugar and organic acid degradation
Day336_PF_15.bin.107 2556805 Acefobaciarinm Sugar and organic acid degradation
Day336_AL-25.bin 138 2718833 Ethanoligenenaceas Sugar and organic acid degradation
Day336_PF_25.bin.24 2504280 Syntrophomonas Sugar and organic acid degradation
Day336_PF_15.bin. 115 4930495 Progianisoarsies Sugar and organic acid degradation
Day336_Al_15.bin.4 2283704 Paludibacter propionate—producing

Table 8. Genome information of greenhouse gases—associated aerobic microbial lineages

Cell ID Genome size (bp) Classification Characteristic
AM—408-K21 516.351 Candidatus Nitmsosphaera gargensis Ammonia oxidizing archasa
AM=-408-011 3.392.265 Candidatus Koribacter versatilic Sugar and organic acid degradation
AM-408-C03 £12.366 Bemmalimonas aueniiaeg N20 reduction
AM-411-N08 753.183 Flavobactenum so. Complex organic compounds degradation
AM=408-N21 1.627.475 Pseydomonas 5D Complex organic compounds degradation
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Table 8. Genome information of greenhouse gases—associated aerobic microbial lineages

Cell 1D Genome size (bp) Classification Char acteristic
AM=408=-K21 §16.351 Candidatus Nitrososohraera gargensis Ammaonia oxigizing archasa
AM=-408-011 3.392.266 Cangidatus Koribacter versatilis Supar and organic acld degradation
AM=-408-C03 612,366 Gammati S Jurantiaca NZO reduction
AM=—411-N08 753.183 Flavobacteadum sp Complex organic compounds degradation
AM =408 -N21 1.527.475 Pseudomongs o Complex organic compounds depradation
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Microbial metabolic responses and CO; emissions differentiated by
soil water content variation in subarctic tundra soils®
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Recent rapid air temperature increases scross the northern-
latitude tundra have prolonged permafrost thawing and snow
malting periods, resubling in increased soil temperaturs (T,)
and volumetric soil water content {SWC). Under
soil warming at £°C, Alaskan tundra soils were incubated in
a microcosm system and examined for the SWC differential
infleence on the microbial decomposition activity of large
malecular weight (MW) humic substances (H5). When one
microcosm soil (AKCI-1) was incubated at a constant SWC
of 41% for 90 days (T = %) and then SWC was gradually
decreased from 41% to 26% for another T = 90, the initial
H5 was partly rized. In contrast, in AKC1-I incu-
bated ata decreasing SWC from the initial 329 to
10% for T = %) and then increasing to 27% for another T =
%0, HS depolymerization was undetected. Orverall, the mi-
crobial communities in AKCI-1 could maintain metabalic
activity at sufficient and constant SWC during the initial T =
90 incubation. In contrast, AKCI-2 microbes may have been
damagped by drought stress during the drving SWC regimen,
possibly resulting in the loss of HS decompaosition activity,
which did not recover even after re-wetting to an optimal
SWC range (20-40%). ARer T = 90, the C0; production in
both trestments was attributed to the increased decom
sition of small- MW organic compounds I,'i:ndudhgmﬁ
I-E—degﬂ.(’djvepmduds}ﬁﬂlinnnqthnlﬂ'r‘ﬂm‘ﬂe
:pm&nmﬂym provide new insights into the early effects
warming- and topography-induced SWC variations on
the micrebial contribution to CO: emissions via HS decom-
position in northern-latitude tundra soil
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Introduction

Tundra soils in {sublArctic and maritime Antarctic harbor
a large amoaint of s0il crpanic matter (SOM) due to fow mi-
crobizl decomposition activity at Jow soil temperatures {T.).
The 50M in northern-latitude tundra soil accounts for ap-
proximately 50% of the global soil srganic carbon reservoir
and 15 highly susceptible to microbial decomposition due to
rising global temperatures {Johnston «f al, 2019} In addi-
tion 1o T,, sodl water content {SWiC) is a critical environmen-
tal factor that indmvidually or imteractively influences micro-
ban! community structure and funchion (Lupating ef of . 2019)
Recent global warming in bipolar regions is likely to lead to
increased precipitation (maritime Antarctica, Homrocks ef
al. 2020} and permafrost. thawing {subarctic tundra soils,
Johnston e wl, X9}, which increases SWC abong with snow
melting. However, SWC may differ sipnificanthy depending
on the forms and features of land surfaces, which determine
microbial S0M decomposition rates {Cfanville ef al., 2002}
Depeading on the texture and composition of the soil (Sev-
bold ef af. 2010; Wiostowsi et al, 2018}, SWC can be opli-
mal (eg., '9-25%) or suboptimal (e.g., < 0% or > 35%) for
microbial decomposition rates; higher and lower SWC de-
crease the rates because of low oxypgen supply and low dif-
fusion of soluble substrates, respectively (Stres of al., 2008).
Mieinick and Dugas (2000] reported that SWCin a tallgrass
prairie in Texas, USA, was optimal in a range of 30—-40% for
OO, emission throwgh SOM decomposition by soil micro-
organisms, demonstrating o relationship between S0k flux,
To and SWC.

Tundra S0OM contains both small molecular weight (31W)
compounds, which are easily degraded by diverse soil mi-
crobes, and large MW compounds [e.p, ignin and homic
substances {HS)] that are more resistant to microbial decom-
position. Heteropolymer HS, which mainky consists of hu-
mic acids (HA} and fulvic acids (FA), is formed by the spon-
taneous condensation of biomolecules derived from dead
plants and other organisms. HS are the largest constituent
{60-80% | of 50M (Gramss of al., 1999) and have two main
fu.nv:ucms in tundra soil ecosystems: carbon storage and sup-

y ta the surrounding microbes and pl.an.u. Generally, soil
Eacte'na and saprotrophic fungi play major roles in the initial
breakdown of HS, und preenhouse pases such as CO; and
CFEy are released by the subsequent bacterial degradation of
HS-derived small compounds {Lipczynska-Kochany, 2018;
Kim et al., 201%a). A lsboratory study using Arctic tundra soil

humic substance degradation in maritime Antarctic region. [,
Basae Microbiol, 538, 513-522

Kim, v, Parck, H., Kim, M., Lee, 8, Hong, 5.G., kim, E. and Lee,
H. 2022, Temperature sensitivity of Antarctic soil-humic sub-
stunce degradation by cold-sdapted bacteria. Environ. Microbiol
24, 265-275

Rhm, I, Park, HoLL, MNam, 5., Kim, S0 and Lee, H. 20053, Humic
substances degradation by o microbial consortium enriched from
subarctic tundra soil. Korean [, Microbiol, 55, 367-376.

Kimy, M., Lim, H.5., Hyun, C.UL, Cho, A., Noh, H.]., Hong, 5.C., and
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Fig. 37. Latitudinal distribution and depth profiles of soil CHs stock and relative abundance of
methanogen in Alaskan permafrost. (a) Map of the study sites where the soil cores were collected,
and ecosystem types and permafrost extent were displayed. The map was edited from the figures in
published literatures. Latitudinal distribution of (b) soil CH4 stock and (c) relative abundance of
methanogen of each soil cores. Relative abundance of methanogen was obtained from abundance
of metagenome—extracted mcrA functional genes and normalized by RPKG (reads per kb per
genome equivalent) statistics. The depth was divided into 20 cm intervals, with red and blue
indicating high and low values, respectively. (d) Relationship between soil CH; stock and relative
abundance of methanogen (n=123). A linear mixed effect model was used and the error bands
surrounding the red regression lines represent the 95% confidence interval of the correlation. The
above box plot shows statistically significant differences between Arctic tundra and boreal forest
(unpaired t—test, n=76 for Arctic tundra and n=70 for boreal forest, ***p<0.001). The thick central
lines represent the median value, the boxed areas represent the interquartile range, and the
whickers show the maximum and minimum values. Depth profiles of (e) soil CH4 stock and (f)
relative abundance of mcrA (RPKG).
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Fig. 39. Composition of methanogenic community. a Mean relative abundance of
methanogenic MAGs according to ecosystem type and soil depth. b Nonmetric
multidimensional scaling (NMDS) ordination plot depicting changes in the composition of
methanogenic communities. Ordinations are based on Bray—Curtis dissimilarity.
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Fig. 40. Depth profiles of relative abundance of methane oxidizers and potential CH, oxidation rate. Different
depth profiles of relative abundances of (a) pmoA, and (b) mmoX genes in Arctic tundra and boreal forest
soils. The abundances of the genes were normalized using the RPKG (reads per kb per genome equivalent)
statistics. The above box charts show statistically significant differences between Arctic tundra and boreal
forest (unpaired t—test, n=79 for Arctic tundra and n=78 for boreal forest, ***p<0.001). Results of the
aerobic and anaerobic soil incubation experiment by layers under high (initial CHs conc. = 1000 ppm) and
low (initial CH4 conc. = 50 ppm) affinity CH,; oxidation conditions using the soils of (c) Arctic tundra and
(d) boreal forest. Numbers indicates potential CH4 oxidation rate in ng CHs g~ soil day™' calculated from
the changes in headspace CH4 concentration (n=5 for Arctic tundra and n=6 for boreal forest).
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(a) Schematic diagram for the incubation and (b) results.
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Fig. 48. Mean air temperature and wind speed and direction during winter

(October—May) in IMA (data shared by POLAR).
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Fig. 51.
different vegetation types in IMA site, Canada.

Comparison of bacterial diversity and phylum composition between four
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Table 12. Several soil properties in four ecotypes of IMA

Ecotype Dryas-Carex Cassiope-Dryas Salix-Sedge Sedge Fen

Soil Layer Organic Mineral Oi Oa Organic Mineral Organic Mineral

Sample # 5 4 6 2 5 5 5 5

MC (%) 121494 14+0.6° 276+22¢ 162759 400+19° 32+5° 632+48° 127+22°

pH (1:5) 7.6+0.1° 8.7+0.1° 7.2+£0.1° 7.7+04° 7.1+£0.1° 8.320.1% 6.1£0.1° 7.920.1°

EC (uS/cm, 1:5) 282+17° 114£9° 291+36° 16144° 495+65° 13410° 764+94° 332+64°

TOC(mg/g) 0.36+0.113  0.03+0.015 0.33+0.038 0.15+0.080 0.51+0.104 0.04+0.017 0.69+0.046 0.16+0.070
TN(mg/9) 0.030+0.008 0.003+0.002 0.028+0.006 0.013+0.008 0.042+0.011  0.002+0.0017  0.061+0.005 0.012+0.006
TOC/TN 11.7¢1.02  11.9+454  121+149  11.5+0.82  125+124  253+6.74 1134119  13.6+1.23
Sand (%) - 48.5+10.8 - - - 5.7+0.7 - 6.214.2

Silt (%) - 41.7+5.9 - - - 71.0£5.2 - 77.5+2.1

Clay (%) - 9.8+5.6 - - - 23.3t4.8 - 16.4+3.5

Table 13. C & N contents in plant species Table 14. Soil organic C & total N

under different vegetation types in IMA, contents under different vegetation types

Canada in IMA, Canada

Community | Plant # C%) SD N®%) SD Community = Layer # C (%) SD N (%) SD

D Cassiope 5 513 29 086 005 <P Og 6 360 39 214 026
Dryas 6 480 07 @ 148 @ 023 Oa 2 235 130 154 078
Sedge 4 443 04 164 028 Min 1 0.8 0.08

D Dryas 6 469 07 133 o018 P Org | 5 337 46 222 | 037
Sedge 3 431 08 126 040 Min 4 1.2 0.5 009 003

Se Moss 4 385 09 140 o008 °¢ Org 5 444 06 284 012
Sedge 4 422 05 176 012 Min 5 8.6 3.1 058 020

ss Dryas 5 428 05 133 007 Og 5 405 28 272 026
Salix 3 406 05 183 010 Min 5 2.6 15 019  0.11
Sedge 5 401 05 157 011

g O g YEnd Tl Sy Saitx i og O og Wi 2y s n i1 L

Fig. 50. C and N isotopes ratios in each plant species (left) and in soil layers
(right) under different vegetation types.
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Table 15. Soil physico—chemical properties under different vegetation groups in Sirius
Passet, Greenland

C/N

MC pH EC TC TIC SOC TN ratio Sand Silt Clay
arEn 124.1 7.4 140.8 6.4 0.5 5.9 0.4 131 9.6 70.0 20.4
(83.9) (0.5) (22.4)  (2.8) (0.3) (3.1) (0.2) (1.3) (13.0)0  (9.3) (8.8)
Cassiope 0.7 7.2 209.6 11.5 0.5 11.0 0.7 14.7 21.4 63.1 15.5
P (32.3) (0.1) (44.1) (3.7) (0.1) (3.6) (0.2) (0.7) (7.2) (2.7) (5.6)
Bives 54.4 7.8 178.9 7.7 1.3 6.4 0.5 8.8 24.8 62.8 12.4
Y (67.1) (0.7) (70.2) (9.1) (0.5 (93 (0.7) (37 (1.7 (92 (9.3
Oxvyria .6 8.7 245.5 2.1 1.2 0.9 0.1 7.5 32.9 57.2 9.9
Y (2.0) (0.2) (25.3) (0.3) (0.2) (0.4) (0) (1.6) (3.3) (2.7) (1.8)
Sl 0.8 8.2 185.2 3.4 1.4 2.0 0.2 9.3 28.4 61.7 9.9
(10.4) (0.3 (45.3)  (3.4) (1.4) (2.2) (0.1) (4.6) (17.2)  (14.4) (2.9
Saxifraga 24.3 7.5 105.9 2.8 0.7 2.1 0.1 13.2 40.8 47.8 11.4
g (13.2) (0.6) (22.2) (1.1) (0.4) (1.5) (0.1) (2.1) (28.4) (21.8) (6.8)
Silene 10.3 8.4 236.8 1.9 0.7 1.2 0.2 7.2 17 69.7 13.3
(3.1) (0.1) (64.2) (0.8) (0.4) (0.7) (0) (27) (5.9) (4.5) (1.8)
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Fig. 54. Differences in relative
among cover vegetation types
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Fig. 55. Differences in community structure of bacterial (left) and fungal (right) phylum
among cover vegetation types in the high Arctic soils of Sirius passet, Greenland.
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