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Learning outcomes

After this session you should
have an understanding of:

* Features of Tundra
ecosystems

e Differences between Tundra
and Boreal ecosystems

* Climate Change impacts on
Tundra ecosystems

* Cutting-edge research
* Two case studies




Tundra ecosystems



What do Tundra environments look like?




Lake me take you on a fieldtrip to Svalbard
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What about the Boreal/Taiga?



The world’s largest terrestrial biome!



Definitions and concepts

 The biome where tree growth is hindered by frigid temperatures and short

growing seasons.

Ru55|an TyHApa (tundra) from the Kildin Sami word TyHpap (tundar) meaning
"uplands"”, "treeless mountain tract”.

Arctic tundra, Alpine tundra and Antarctic tundra

 Tundra vegetation is composed of dwarf shrubs, sedges, grasses, mosses, and

lichens with some scattered trees. Scattered trees grow in some tundra regions.
Ecotone or treeline

Soils are often highly organic, rich in N and P
Permafrost

Carbon sink, store, Greenhouse gases
Climate change impacts on stored carbon?
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Climate exerts a major
control on global patterns of
diversity and productivity.
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't hasn’t always been like this!



Interglacials
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A pollen diagram: Hockham Mere, Norfolk UK

(Bennett 1983)
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3. Late Holocene:
increasing diversity of
trees as climate warms
and soils mature

2. Early Holocene: boreal
forest develops (birch,
pine, hazel...)

1. End of last glacial:
tundra, very few trees
(birch)

(Grains cm3 x 104 )

Succession: a sequence of communities
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What are the effects of climate change in
Tundra ecosystems?

 Boreal forest is marching northwards (ecotone/treeline is moving)

* Ecosystems are changing
* Northward migration
* Longer growing season

e Carbon cycling is changing
* Lots more ponds and open water in summer

* New peatlands are “switching on” in the Tundra
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Optimum conditions

* All organisms have an optimum set of environmental variables for
their survival.

e Around this there is a range of conditions which they can survive.

* Different organisms have evolved for different conditions.

30



Optimum Environment

One organisms stress maybe another’s optimum

Human optimum conditions, 25 degrees, on the beach
VS.

polar bear, -25 degrees, on an ice-flow




Distribution

* Many organisms move north or to a higher
altitude.

DISTRIBUTION:

Latitude and altitude
range shifts

Range expansion and
contraction

Loss of habitat



Climate
feedbacks

PECL ET AL (2017).
Biodiversity redistribution
under climate change:
Impacts on ecosystems
and human well-being
SCIENCE
https://science.sciencemag.

Species
range shifts

org/content/355/6332/eaai
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https://science.sciencemag.org/content/355/6332/eaai9214.abstract
https://science.sciencemag.org/content/355/6332/eaai9214.abstract
https://science.sciencemag.org/content/355/6332/eaai9214.abstract

Cutting-edge research
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Controls on Saturated Hydraulic Conductivity in a Degrading
Permafrost Peatland Complex

Richard E. Fewster'> ', Punl J. Morris' ', Graeme T. Swindles™, Andy J. Baird' ©,
T, Edward Turner®, and Ruza F. Ivanovic*

'Schoot of Geography, Univenaty of Leeds, Lecds, UK, "Deparsmont of Goography, Usiversity of Faxeter, Faer, UK,
Coognphy, School of Nateral and Bork Esvimomment, Quoen’s Uséversity Bellast, Bellast, UK, “Omawa-Cardeton Geosclence
Centre and Dopartment of Fard Scosences, Cardeton Universiey, Ostana, ON, Canada. Wormstry and Land Soodand, Dumiries,
UK, *School of Farth and Favecament, Univervity of Loods, Loods, UK

Abstract Permafrost peatlands are vulnerable 1o rapid stroctiaral changes wader clinsatic warming. incloding
vertical colfagne. Peatland water badpets, and therelore peat bydeaulic propertics, arc important determinants

of vegetation and carbon NMuxes, Meassrements of bydeaulic peopertics cxist for only a liswtod number of
permafrost peatland locations, primarnily concestraled in Noeth America, The imgacts of thaw-induced collapse
upon peoperties such as horizontal satersted hydrauhc conductivity (K), and thess laseral drainzge, remain
poorly understood. We made laboratory determinations of K, from X2 peat samples from a degrading Swedish
palsa mire. We fitted a lincar mixed-effects model (LMM) to establish the controls on K, which declined
strongly with increasing depth, humification and dry bulk density. Depth exerted the strongest control on K, n
our LMM. which demosstrated stromg predictive performance (7 = 0.605). Humification and dry bulk density
were influentaal prodicton, bt the high collincanity of these two variablies scant only one could be included
refiably in our LMM, Surpeisingly, peat K, did not differ significantly Betwoen dessceating and colkipsed palsas.
We compared our site-specilic LMM 10 an existing, multi-site model, fitled peamarnily 1o boreal and temperate
peatiznds. The multi-site model made less skillful predictions (¢ = 0.528) than our site-specilic model,
possshly due 10 katstudinal differences in peat compaction, flodistic composition and climate. Nonetheless, low
hias means the malti-sie model may still be usefal for estimating peat K, ot high latitudes. Permafrost peatlands
remain underrepresented im mults-site models of peat hydraalic propestics, and measurements sach as ours
could be used 1o improve future ileratsons.
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ABSTRACT

Vegetation shifts in circum-Arctic permafrost peatlands drive feedbacks with important consequences
for peatland carbon budgets and the extent of permafrost thaw under changing climate. Recent shrub
expansion across Arctic tundra environments has led to an increase in above-ground biomass, but the
long-term spatiotemporal dynamics of shrub and tree growth in circum-Arctic peatlands remain
unquantified. We investigate changes in peatland vegetation composition during the Holocene using
previously-published plant macrofossil records from 76 sites across the circum-Arctic permafrost zone.
In particular, we assess evidence for peatland shrubification at the continental scale. We identify
increasing abundance of woody vegetation in circum-Arctic peatlands from -8000 years BP to present,
coinciding with declining herbaceous vegetation and widespread Sphagnum expansion. Ecosystem shifts
varied between regions and present-day permafrost zones, with late-Holocene shrubification most
pronounced where permafrost coverage is presently discontinuous and sporadic. After -600 years BP, we
find a proliferation of non-Sphagnum mosses in Fennoscandia and across the present-day continuous
permafrost zone; and rapid expansion of Sphagnum in regions of discontinuous and isolated permafrost
as expected following widespread fen-bog succession, which coincided with declining woody vegetation
in eastern and western Canada. Since -200 years BP, both shrub expansion and decline were identified at
different sites across the pan-Arctic, highlighting the complex ecological responses of crcum-Arctic
peatlands to post-industrial climate warming and permafrost degradation. Our results suggest that
shrubification of circum-Arctic peatlands has primarily occurred alongside surface drying, resulting from
Holocene climate shifts, autogenic peat accumulation, and permafrost aggradation. Future shrubification
of circum-Arctic peatlands under 21st century climate change will likely be spatially heterogeneous, and

be most prevalent where dry microforms persist.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Recent climate change has driven divergent
hydrological shifts in high-latitude peatlands

Received: 8 February 2022 Hui Zhang®'? |, Minna Viliranta®?%*2 |, Graeme T. Swindles ®45,
Marco A. Aquino-Lépez ® 6, Donal Mullan®, Ning Tan', Matthew Amesbury ®27,
Kirill V. Babeshko®®, Kunshan Bao ®'°, Anatoly Bobrov®, Viktor Chernyshov",

Accepted: 10 August 2022
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High-latitude peatlands are changing rapidly in response to climate change,
including permafrost thaw. Here, we reconstruct hydrological conditions since
the seventeenth century using testate amoeba data from 103 high-latitude peat
archives. We show that 54% of the peatlands have been drying and 32% have
been wetting over this period, illustrating the complex ecohydrological
dynamics of high latitude peatlands and their highly uncertain responses to a
warming climate.

The majority of peatlands are located in high latitudes' and store ca.  decomposition-driven CO, and methane (CH,) emissions determines
one third of the global soil carbon (C). The balance between the peatland net C budget and subsequently the overall climate feed-
photosynthesis-driven carbon dioxide (CO,) sequestration and back. Peatland water-table position is a decisive factor in this balance.
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Imminent loss of climate space for permafrost
peatlands in Europe and Western Siberia

Richard E. Fewster %4, Paul J. Morris @, Ruza F. lvanovic 2, Graeme T. Swindles 34,
Anna M. Peregon ©5¢ and Christopher J. Smith©?27

Human-induced climate warming by 2100 is expected to thaw large expanses of northern permafrost peatlands. However, the
spatio-temporal dynamics of permafrost peatland thaw remain uncertain due to complex permafrost-climate interactions, the
insulating properties of peat soils and variation in model projections of future climate. Here we show that permafrost peatlands
in Europe and Western Siberia will soon surpass a climatic tipping point under scenarios of moderate-to-high warming (Shared
Socioeconomic Pathway (SSP) 2-4.5, SSP3-7.0 and SSP5-8.5). The total peatland area affected under these scenarios contains
37.0-39.5 Gt carbon (equivalent to twice the amount of carbon stored in European forests). Our bioclimatic models indicate
that all of Fennoscandia will become climatically unsuitable for peatland permafrost by 2040. Strong action to reduce emis-
sions (SSP1-2.6) by the 2090s could retain suitable climates for permafrost peatlands storing 13.9 Gt carbon in northernmost
Western Siberia, indicating that socio-economic policies will determine the rate and extent of permafrost peatland thaw.

Modern (1961-1990)

- ag* E

.............

SSP2-4.5 (2090-2099)

Polygon mire

Polygon mire and palsa or peat plateau
Palsa or peat plateau

Projected 1o become unsuitable

Peatland outside modern climate envelopes




33 hwmary 2001

ALTIITLS V0 PUBLLAT.
% lamagry N1

LR
11 Pebrwary 2921

Ovigmel comtrnt e
W ek sy b el
wnder che wems of the

Pwrien, Man, Lokt 16 (2021) 059008

Strpe St any’ 10|00 17 45-%) 20 sl

ENVIRONMENTAL RESEARCH
LETTERS

LETTER

Divergent responses of permafrost peatlands to recent climate
change
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Abstract

Permafrost peatlands are found in high-latitude regions and store globally-important amounts of
soll organic carbon, These regions are warming at over twice the global average rate, caunsing
permafrost thaw, and exposing previously inert carbon to decomposition and emission to the
atmasphere as groenhouse gases. However, it is unclear how peatland hydrological behaviour,
vegetation structure and carbon balance, and the linkages between them, will respond to
permafrost thaw in a warming climate. Here we show that permafrost peatlands follow divergent
cvohydrological trajectories in response to recent climate change within the same rapidly warming
region (northern Sweden ). Whether a site becomes wetter or drier depends on local factors and the
autogenic response of individual peatlands. We find that bryophyte-dominated vegetation
demonstrates resistance, and in some cases resilience, to climatic and hydrological shifts, Drying at
four sites is clearly associated with reduced carbon sequestration, while no dear relationship a1
wetting sites is observed. We highlight the complex dynamics of permafrost peatlands and warn
against an overly-simple approach when considering their ecohydrological trajectories and rode as
C sinks under @ warming dimate.
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Figure 3. Water-table depth (WTD) data from all peat profiles since 1500 CE. WTD data are standardised for all peat profiles
from 1500 CE. Results are divided into peat profiles exhibiting recent drying, wetting (preceded by drying) and asynchronously
fluctuating WTD trends. For each panel a locally estimated scatterplot smoothing (loess) model is shown in black, with grey
shading indicating the 95% confidence range of the loess function.
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OPEN  The long-term fate of permafrost
peatlands under rapid climate
warming
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Permafrost peatlands contain globally important amounts of soil organic carbon, owing to cold
conditions which suppress anaerobic decomposition. However, climate warming and permafrost thaw
threaten the stability of this carbon store. The ultimate fate of permafrost peatlands and their carbon
stores is unclear because of complex feedbacks between peat accumulation, hydrology and vegetation.
Field monitoring campaigns only span the last few decades and therefore provide an incomplete
picture of permafrost peatland response to recent rapid warming. Here we use a high-resolution
palaeoecological approach to understand the longer-term response of peatlands in contrasting states
of permafrost degradation to recent rapid warming. At all sites we identify a drying trend until the
late-twentieth century; however, two sites subsequently experienced a rapid shift to wetter conditions
as permafrost thawed in response to climatic warming, culminating in collapse of the peat domes.
Commonalities between study sites lead us to propose a five-phase model for permafrost peatland
response to climatic warming. This model suggests a shared ecohydrological trajectory towards a
common end point: inundated Arctic fen. Although carbon accumulation is rapid in such sites, saturated
soil conditions are likely to cause elevated methane emissions that have implications for climate-
feedback mechanisms.
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Case Study 2: Canadian High Arctic
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Pathways for Ecological Change in Canadian High Arctic
Wetlands Under Rapid Twentieth Century Warming
T.G.Sim' G T. Swindles™ [, P. 3. Merris’ M. Galka’, D. Mullan®, and J. M. Gallowsy™*

SSchoul of Coograptey, Univessty of Loods, Loods, UK, *Ottsws Carfetim Gouncience Contre snd Departmest of Earth
Sciencos, Carleton Univorsity, Ottews, Ontario, Casada, "Dopartment of Genbotamy and Mast Toology, Faculy of Riclogy
sod Errvironescrtd Protoction, Usiversaty of Lads, Lids, Podend, “School of Natural ssd Buik Envisonmsent, Quecn's
Univenity Beifast, Sellant, UK, "Astue batitute of Advencead Stades (AIAS), Aarhun Univenity, Asrbus, Denmark,
"Naturd Resowroos Casada/Rissoarces taturefies Canada. Goologionl Swrvey of Canada Commissimn pivdogigue de
Canada, Calgary, Alberta, Canads

ADSIract We we palececological techniques 10 lnvestigate bow Camadian High Asctic wetlands
nw‘dbummhmnmvmmm*wby\Wcm-amam
welnes, o Siversity, and carbon sceumulation in a polygon ssiee trough, likely related 1 ice wodge thaw.
(omruung'y wwmdtmmm—r howed no chear resp Wet and dry indicator testate
incresnd ¢ itantly in a vallcy fon, posibly relating to greater inundation from soowsnclt
Mh’lmmmmbmmmmummdml—md
mocs. A cosatal fen underwent 2 shift fom sodge o shred dossinance. The valley and coual fess
transstioned from minerogesic to ongamic-nich wetiands prior 1o the growing degree days Incresmse. A
submoguent sbafl bo mosa domi inthe tad fon may relade lo intendve grasiog from Asctic poese, Owsr
findings highlight the complex response of Arctic wetlands to warming aad have lmplications for
wmdentanding thesr futere carbon sink potential
Plnin Language Summary The reponse of Arcoc wetland ecosystemns and carbon stores 1o
huange ix socertain. We invesigate the resp of wetland cooaystenms in the Canadian High

B Cxaw), ¥ 7 b oovkopie sl
_h(‘n*ll’hﬁ

memmmlmmmmrmwcumhd\mpnwuhm macrofossdls)

wrdands under oped contury

. Gowp ! Lomwrs.
40, 470 AXNT Natpec T God aag/ 10 FEOW
il

Roccived 5 MAR 2009
Accrpeed § AR 2089

Acovpted arscie ondiow 11 AFE 2000
Pobdindond snlbae 15 MAY 2018

and { bac) proserved in the wetland il in Bination with radiocarbon dating o

reconstruct the pest ecodogy of these wethands. This approach allows s 1o explore beyond the timeframe of
monitoring studies. Our seults sugpest that wetland type is an Enportanst determi of the reg of
ecclogical, Mpdrologscal, and sod carbon accumulation to climate warming. Our Bndegs highlight the clear
but complex reguonse of Arctic wetlands to twenticth contury warming, This has imsportant implications for
understanding the future carbon sink p lal of these e e,

¥

60° N

45° N+

60:‘ N

Legend
@ Study sites

O Weather stations
Rl © Pollen lake cores
- Tree line

-45° N













Temperature (°C)

Temperature (°C)

16 1 Mould Bay A
A7 -
18 A +0.1°C
per decade
19 -
-20 4 Sachs harbour
+0.5°C
10 - per decade
1 A
Cambridge Bay
12 4
-13
14
15 -
16 - +0.3°C
17 per decade
"18 T T T
1940 1960 1980 2000
Year (cal. AD)

)
--11 3

1000
900{ — Coastalfen
LJpood == Valley fen
§~ 700 ~ ~ Polygon mire
S ¥ \*I '
& | MYUM 4 \
Sed UK T ET
© 400 .J N 'Ijl Il
300 - 1{ \,ﬂ ! | ",‘
1]
200 - v ,‘\M
100
0 AJ L) L
1850 1900 1950 2000
Year (cal. AD)
10
S o]
58,
é 7 .‘
= 61
g5
B
Western Arctic
3 Ll L L v Ll Ll Ll L LJ
10000 8000 6000 4000 2000

Year (cal. BP)




B) Polygon mire trough

C) Valiey fen

> ' J
-

[ B
| &
10
12 4
14
14

A A
N0 1608 00 2000

1

(=4

(Lo S ee—

U Hents

B Onr mosses

B Soirpemum (osacen

B Dovwn moss aop.

B Calerpon e
Carpytum of stelatum

B Cyperscess

N Mate

W OV o

B Soopiden cocsond

W Wammots srmanioen

W Audacorveson Jatai
W Srown vans W

L L

u Cakopm ao

B Conabomm sigpom

B Cyperincene
WAoo e periromsss
B Ovw vt

W U fpeuy ey

B B Ay Ceonrn S
B Coterpin sop

B Cypomacese

W Marta

B OFwr mosses

|

B Catwrgon w0

B Cypanbiaie
N Mertn
8 Over monses
@ Seatn



Key findings — one size doesn’t fit all!

 Warming of the western Canadian Arctic has caused a mid-twentieth
century increase in growing degree days above 0 °C (GDD)

* We observe an increase in wetness, moss diversity, and carbon
accumulation in a polygon mire trough, likely related to ice wedge thaw.

* The coastal fen underwent a shift from sedge to shrub dominance.

* The valley and coastal fens transitioned from minerogenic to organic-rich
wetlands (“peatlands) prior to the growing degree days increase.

e Our findings highlight the complex response of Arctic wetlands to warming
and have implications for understanding their future carbon sink potential



Nightmare scenarios of permafrost thaw

* The carbon bomb

* The pollution
bomb

e Unknown
viruses/bacteria
being released!
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Permafrost dynamics and the risk
of anthrax transmission:
a modelling study

52 Stella’, Lorenzo Mari?, Jacopo Gabriel', Carfo Barbante™ & Envico Bertuzzo™'

A recent outbeeak of anthrax duease, severely alffecting reindeer herds in Siberia, has Been reportedly
associated to the presence of infected carcasses o« spores relessad from the active layer over
permafrost, which is thawing and thickening at incressing rates, thus underfying the re-emerging
nature of this pathagen in the Arctic region because of warming temperatures. Anthrax 4 a global
oanotic and epiroctic daease, with a high case-fatality ratio in infected animals. Its transmasion

1 medated by envitonmental contamination theough highly resistant speces which can persist m

the 1ol for several decades. Mere we develop and analyze a new eplidemciogical model for anthrax
ansmisson that is specificelly tailored 10 the Arctic environmental conditions. The madel describes
ransmisson dymamics inchading also herding practices (e.g. seasonal graning) and the role of the
active layer over permafirost acting a1 8 Jong-term storage of spores that could be viable for disease
transmisson during thawing perads, Model dynamics ae mvestigated through Snear statiiny
analysls, Floquet theory for periodically forced systems, and a series of simlations with realistic
foeongs. Resuits show how the temparal variadility of grazing and active layer thawing may infleence
the dynamics of anthrax disease and, specifically, faver suntained pathogen tramamission. Particularly
warm years, favering deep active layers, are shown to be associated with an increase risk of anthrax
outhreaks, and may also foster infections i the following years. Our resuits enable prefimnary
insights into measures (e.g. changes in herding practice) that may be adepted to decrease the rak

of wiection and lay the basis 10 possdly establsh optimal precedures for preventing transmisson,
furthermors, they elicit the need of further investigations snd cbservation campaigns focused on
anthrax dynamics in the Arctic environment

VoML Metar e Pomce o Bsrmes

Anthrax kills one, infects 21 others as melting
permafrost causes outbreak in Russia's far north

NS

Scientists Fear Cataclysmic 'Factor X' Will Emerge From Earth's
Permafrost

There could be something beg lurking in the Earth's permafrost

As the planet continues to warm, scentists fear a host of deadly diseases will be unleashed from the frozen earth
after lying dormant for decades, centuries, and even millennia. The war between Russia and Ukraine has crippled
our attermpls Lo prepare ourselves, and the expansion of maning in the polar regions could nudge us even doser 10

opening thes Pandora’s Box



In summary
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