2P 4//
~+ Relationship to
greenhouse gas

Microbialecology

- Factors governing the structure
_and function of microbial
communities







Cryosphere

>25% surface of our planet

Seaice

|lce sheets
Arctic

Alpine
Antarctic
Snhow
Glaciers
Saline springs
Permafrost




Cryosphere

Challenges
for Life

Sub-zero temperatures
& Low water availability
¢ Low nutrients
-®- UV/gamma radiation
@ High salinity
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https://www.science.org/doi/10.1126/sciadv.aaw9883#core-R2
https://www.science.org/doi/10.1126/sciadv.aaw9883#core-R2
https://www.science.org/doi/10.1126/sciadv.aaw9883#core-R3

oss of Sea Ice




Arctic and Alpine

9% W
Trend in PAP Mean NDVI With Respect to 1982 (% Per Decade)

o] am =

<20 -10 08 10 20 30 44 50 60 70 >80

2009, 600% increase
+ new species




Forest fires
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Fires and the Climate Feedback Loop

4

Forest fires

Carbon emissions
from fires increase
as larger areas burn

Larger areas burn as fire
seasons get longer and fires
are more frequent and intense Global Forest Watch

TS Jf" ol A ,"—'—')M




Permafrost

Permafrost: ground that
has been frozen for at
least two consecutive
years (often for
hundreds of thousands
of years)

Active Layer: overlays
permafrost, this layer
thaws each summer
and freezes againin
winter.

Permafrost‘

"



https://en.wikipedia.org/wiki/Ice

Permafrost

Permafrost: ground that
has been frozen for at
least two consecutive
years (often for
hundreds of thousands
of years)

Active Layer: overlays
permafrost, this layer
thaws each summer
and freezes againin
winter.

lce Wedge: a crackin
the ground formed by a
narrow piece of ice and
extends downwards
into the ground.

I

Permafrost'-:-.

Active layer

2nd winter

e’ C. Taylor


https://en.wikipedia.org/wiki/Ice
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Permafrost

Small
Deep

Continuous

; Closed

Permlafrost Talik Discontinuous
| Y Permafrost
‘ Unfrozen
5

Soil and Rock

* Continuous vs Discontinuous permafrost -

* Talik: Portion of year-round unfrozen ground in a pe



Permafrost

30°N

30°N

140°W 160°W 180° 160°E 140°E
1 1 1 1 1
— : Z
e
o
AN
Modelled permafrost zones
- Continuous permafrost (>90 % coverage) OZ
Discontinuous permafrost (50 - 90 % coverage) it 8
Sporadic permafrost (10 - 50 % coverage)
Isolated patches (0 - 10 % coverage)
Glaciers j
1 1 ) ) ) -
40°W 20°W 0° 20°E 40°E Obu, 2019



Permafrost thaw

Greenhouse gas emissions { ¢
Microbe
op activation

Coastal erosion
increases sediment influx

Arctic
Ocean

Infrastructure damage
through shifting and settling
of the ground

Ecosystem damage
and changes







Permafrost thaw

Abrupt thaw results in
thermokarst lake formation in
ice-rich continuous permafrost

M. Schwab

Stage 1 Stage II Stage 111 Stage 1V

Active layer Veg?ation Thermokarst lake formation

—Ice wedge

Permafrost Zandt, 2020




Permafrost thaw

Ground surface

Active S =
Layer | Fee———c e

Permafrost | |

Unfrozen | | ; ' * - e | :
Ground ; |

Infrastructure damage — , ) 2 -
VL —n w— m—— g s
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thermal and mechanical drivers
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Historic Coastal Changes
Stable or Aggrading

contrilf itors

20

Slow Erosion ( 0-1 m yr'1)
B Moderate Erosion (1-2myr™ ')
A
I Rapid Erosion (2-10 myr )

- r'/ d
" 600 i 0
5 6 T &
Q@

P
b | 7 aren,s Sea 1

1 - Elson Lagoon
2 - Drew Point
3 - Barter Island
4 - Herschel Island
5- Yukon Coastal Plain
24 > 6 - Calypsostranda
10 7 - Varandey
/ : 8 - Baydaratskaya Bay |

9 - Kruzenstern 83
Kay 10 - Kharasavev

, IO 11 - Bykovsky Peninsula
12 - Muostakh Island
13 - Bering Land Bridge
14 - Krusenstern
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Permafrost x Forest Fires

Abrupt biomass burning (+)

Carbon release (+) T
. Warming
/ Atmospheric drying
‘ ?ensm e heat flux (+)
( W@
3 Ev potkanspiration (-)
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Permafrost
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successional trajectory
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Permafrost carbon stores

-150° W -180° 150°E
] 1

NORTH PACIFIC

OCEAN Bgring Sea

A¥ o
-

“CANADA

* estimated

1500000000000000 kg of
carbon stored in permafrost )
(1,500 gigatonns) f % h . i.
¢ GREEN- e RUSSIA
f.«?jj LAND m' ’ Barents
* twice as much as the \ ’ . ol >
] i z ‘ NORWAY b * ™’ \
atmosphere contains > & ; '
? . FINLAND
NORTH ATLANTIC o SWEDEN O—é)uoo o
OCEAN
Ice-rich land permafrost Ice-poor land permafrost Subsea permafrost
%. SOC top 3m in kg/m? SOC top 3m in kg/m? OC in kg/m?
. 0-50 . 0-50 [Jo-800
B >50 - 100 B >50 - 100 [ >800 - 1.200
B >100 B >100 B >1.200




Permafrost carbon stores

. ‘ ‘ ' P’ u
lf i Tk W

/-Pleistocene: | . r A - - T W P &g e
- 2.58 m|II|onto11700years ago o~ >y EFSE T

» Repeated glaciation events v a Ancient DNA .
i - \ Kjaer, 2022



Permafrost thaw A=

Climate
Warming

Greenhouse LT
gasses Microbial
CH, metabolism

Permafrost thaw positive feedbac / 5




Atmospheric Methane

e Second most important anthropogenic GHG

* ~30X more global warming potential compared to CO,

* Increase from ~700ppb during preindustrial times to ~1900ppb in 2019



Sources Sinks

IPCC, AR6



Sources Sinks

Anthropogenic

Biomass

aly.

Landfills
and waste




Sources Sinks

Anthropogenic Natural

e el ‘—*v!

q.\\ x\‘&\ \

and waste
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Sources Sinks

Anthropogenic Natural

Tropospheric
hydroxyl loss

CH:+ *OH - eCHs+ H.0

Tropospheric
chlorine loss

and waste

Stratospheric
loss

C




Sources

‘ ' /-b CH, generating

‘ ‘ Methanogens

Anaerobic
environments

Hydrogenotrophic 4 H, + CO, - CH,+ 2 H,0

Acetoclastic CH;COO™ + H* - CH, + CO,

Methylotrophic 4 CH;0H - 3 CH, + CO,+ 2 H,0

Miller et al. 1986

Sinks



Sources

Miller et al. 1986

s‘\ ¢

/-) CH, generating

‘ ‘ Methanogens

Anaerobic
environments

Hydrogenotrophic

Acetoclastic

Methylotrophic

4 H, + CO, - CH,+ 2 H,0
CH;COO™ + H* - CH, + CO,

4 CH;0H - 3 CH, + CO,+ 2 H,0

Sinks

%§ 0

B /} CH, consuming

% Methanotrophs

Aerobic environments

CH,—> CH.OH

Methane oxidation &
assimilation as a carbon
source

Methylomonas sp.
e ° o

Huretal.2016



Permafrost thaw A=

Climate
Warming

Greenhous .
gasses Microbial
CH, metabolism
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M. Schwab







30°N

30°N

140°W

180°

- Modelled permafrost zones
- Continuous permafrost (>90"%c\overage)

Isolated patches b(O*-;,10 % coverage) /

. i
|:]\ Glaciers S /

W, > /.

- Discontinuous permafrdst (50 - 96\"/o~cgyeragé)

Sporadic peﬁnafyoSt (10 - 50 % coverage)\f\.; -

40°W
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Arctic permafrost soil Alpine permafrost soil
Alpine
Permafrost

Active Layer
30-60cm

High OM content

global SOC stock = 977 Pg
of which 822 Pg in the
permafrost layer

Active Layer

Permafrost

"Cold: <-10 °C
High water content
Intensive cryoturbation

“

Permafrost

PERMQOS, 2023; Donhouser, 2018
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Alpine
Permafrost

;“‘ X
7 P
”‘»*/,,' .t

£ e S
: .. ground surface

i ' S T<0°C MAGST 0°C T> O:C
/'% 5 ‘~‘ ¥ P active layer
o & permafrost rablﬁ
o === /// depth of
T ' zero annual
amplitude permafrost i
~ (ZAA)
- , permafrost base
3 (d) LAP_0198
= unfrozen ground
=~ 4 1998 2002 2006 2010 2014 2018 2022
| ortzsruber 2005 g

PERMQOS, 2023; Donhouser, 2018
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Permafrost zones in the

Alps act as sinks of CH,
CH,-> CH;OH
Methanotrophs
Warmer temperature
0.4 N stimulates microbial
m - ‘ )
S 0.2 —— metabolism
E . h H 3:: ®
§- 0_0_-...;..l:li.l.......,.....‘....‘.... . ‘
&' 0.2+
Q ]
-0.4-

T T T Q
?oo 6"6’0 ,6.\
o o \’O
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Average Air Temp.




Sealce Loss




The Arctic Institute

Sealce Loss

Increased shipping activity in the Arctic ocean ;
- oil prospecting
- commercial and private boat traffic A

“wp)

Increased risk of oil spills and fuel contamination | ——

2040 - 2059
1-2

e
— 10 —
— 1115 e—

- 16 - 40 e
P ow

RCP 4.5

Exxon Valdez oil spnlll&&Q
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Arctic oil Splu. J Nitrogen Extremely oligotrophic

Nutrient addition

™~

Biostimulation

Additionof water and wtrients.

Contaminant

\
\\

% |ndigenous
# microorganisnis




Arctic fuel spill




Arctic fuel spill

No Oil il Oil+ Fertilizer




Arctic fuel spill

Large scale population changes
and loss of biodiversity

Increase in species with
hydrocarbon degradation ability

Relative abundance

100% 1

75% -

50% 1

25% 1

0% 1

75%

50%

25%

0% 1

Chitinophagales
B Xanthomonadales
Granulosicoccales

i Flavobacteriales
Burkholderiales
! Sphingomonadales

75% 1

50% 1

25%

0% 1

| |Pseudomonadales

Oil degradation
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Snow is a Microbial Habitat

© david touch




Snow inhabiting organisms

iJ Dry deposition Wet deposition 3%

ﬁ [?‘

Short-distance

Long-distance
transport ‘ij ? transport



Soil and snow interplay

Winter Snowmelt

N




Reduction of Show Cover and
Depth in Alpine Ecosystems

Reduced albedo
Loss of show insulation
Loss of native local biodiversity

Reduced soil microbial buffering
capacity

il lLiquid water Imortality

e e S —

[’ Climate change
Extent [

“l' Depth 3’

Albedo

Duration

TTemperatu re

fluctuation Root

availability

Freeze-thaw l Nutrients

cycles uptake
T Frost depth

A

|Biomass | Metabolic activity t Mortality
& respiration

o Carbon

‘ Nitrogen

QB Community
composition
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Side light scatter (SSC)

200 400 600 800 1000
Forward light scatter (FSC)

Flow
measurements enumeration cytometry

Sequencing

Ecoplate

Community
structure and
function

Chemical Culturable Bacterial
composition microorganisms abundance

Community
activity

What is the chemisty? How many microorganisms are Who are they? What are they
there? doing?



Meteodata: where did the show come from?

ReprCPC Radar accu: 24'111 2400 ___ 20.04.2024 24:00 UTC -24h ReprCPC Radar accu: 24'110 2400 19.(‘]:I-.2024 24:00 UTC -24h ReprCPC Radar accu: 24'109 2400 180.2024 24:00 UTC -24h

Network radar 180% - Network radar 180% . 4 3 Network radar 180% : f iy
Confidence 90% o % - Confidence 60% Confidence 70% P

source: MeteoSwiss n source: MeteoSwiss i‘
5 7 10 14 20 28 39 10 14 20 28 39 54 74 103 144 200 280 390 MM
[T [ T T [ 1 — [T [ T T [ 1 — [T [ T T[T 1

ReprCPC Radar accu: 24'108 2400 _ _ ReprCPC Radar accu: 24'092 2400 0_1.Q4‘-.’2Q_24 24:00 UTC -24h

Network radar 180% . R 2 Network radar 180% A Mgy / - Network radar 100%
confidence 90% ’ d confidence 80% ; 2 by : Confidence 90%

e S !
source: MeteoSwiss % s
14 20 28 39 54 74 103 144 200 280 390 MM




Focus on local snow microbial biodiversity and
biogeographic distributions of species in e o
neighbouring valleys g v




_ ] - 4
1629 m.a.s.l. Elevation 2036;"3‘5"‘
Forest Vegetation gradient Grassland

Monitor soil temperature, snow depth, and snow
chemistry/microbiology across altitudinal gradients to
understands their impacts on soil biodiversity

NMDS2

NMDS1

O«

Elevation
2000

1800
1800
1700

Type
¥  Snow
® Sol
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Grassland

Forest Vegetation gradient

Monitor soil temperature, snow depth, and snow

chemistry/microbiology across altitudinal gradients to
understands their impacts on soil biodiversity

Lichen species




Glacial Outwash Plains




Chronosequence

Supraglacial

’_\ Ablation zone\

Englacial

Subglacial

Outwash Plain

Marine

Bedrock

Glacial

Proglacial




Supraglacial

’_\ Ablation zone\

Englacial

Subglacial

Outwash Plain

Marine

Bedrock

Glacial

Proglacial
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South Greenland

Soil, sediment, and water

® Site 1

Gas flux measurements

In situ gas analysis of CO,
and CH,

Environmental measurements

temperatures, soill
moisture, chemistry

Microbial data

abundance and
metagenomics

74



Waterlogged sediments




Dry baren sediments




Vegetated soils




Gas Fluxes
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NMDS2

Microbial Drivers

0.8 1
@
Soil temperature
0.4 1 O
A
[ N |
Ag o
0.0 Ilamato acteracea -
CO2
Cvglr?ttgrl;t Vegetation
' o
A
" & Xanthobacteraceae
-0.4 1 72
Air Temp
Leptolyngbyaceae
-1.0 -0.5 0.0 0.5

NMDS1

() Béren soil
® Vegetated soil
® Water saturated
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Upscaling: Mapping Greenland outwash plains o
~4000 km?

Summer 2023 Outwash plains annotations

Geographic distribution
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Satellite Indices

* Spectral indices calculated from satellite imagery
e vegetation index (NDVI)
* soil surface temperature
* elevation
* water content

* Satellite data was correlated with ground truth
measurements

0.4+
0.2+
3
=z
0.0+
i X -0.24
ground truth satellite : = ps

Vegetation

6782000 6784000 6786000 6788000

6780000

" Visualimages from Sehtihel—ﬁ (Cdpef’-_nicu_é Bfows'er)"with 105?1' reéblution

1

NDVI

T T T T T T T
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Temperature
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C H 4 CH4 nmoI//s y
Upscaling I1.0503oz

-2.677473

Predicted net flux:

-316.5 nmol CH,/h




CO,
Upscaling

CO2 umol/m2/s

3.958388
-2.261332

Predicted net flux:
627 umol CO,/hr
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