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Learning outcomes

After this session you should 
have an understanding of:
• Features of Tundra 

ecosystems
• 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



The fastest-warming place on 
Earth

Svalbard has jumped 4°C in the 
past 50 years.



















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. 
• Russian тундра (tundra) from the Kildin Sámi word тӯндар (tūndâr) 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?





Remember…

Campbell (2011)

Climate exerts a major 
control on global patterns of 

diversity and productivity.



Remember… Terrestrial biomes

Campbell (2011)



It hasn’t always been like this!



Interglacials





Glacials

Sea-level ~120 m lower than present





A pollen diagram: Hockham Mere, Norfolk, UK
(Bennett 1983)

Succession:  a sequence of communities

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

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

3. Late Holocene: 
increasing diversity of 
trees as climate warms 
and soils mature





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

• Carbon cycling is changing
• Lots more ponds and open water in summer
• New peatlands are “switching on” in the Tundra





Optimum conditions

• All organisms have an optimum set of environmental variables for 
their survival.
• Around this there is a range of conditions which they can survive.
• Different organisms have evolved for different conditions.
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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.



PECL ET AL (2017). 
Biodiversity redistribution 
under climate change: 
Impacts on ecosystems 
and human well-being 
SCIENCE 
https://science.sciencemag.
org/content/355/6332/eaai
9214.abstract
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Cutting-edge research 



















Case Study 1: Abisko































Case Study 2: Canadian High Arctic

















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 (GDD0)
• 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. 
• 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
• Unknown 

viruses/bacteria 
being released! 





In summary







The ongoing success of QUB Geography!
National Student Survey (NSS):

• Geography (non-specific):

• 2nd in the UK for teaching on my course

• 2nd in the UK for learning opportunities

• 5th in the UK for organisation and 
management

• 5th in the UK for student voice

10 Queen’s subjects in the top 200 in the 
world (ARWU, 2022):

• Geography 151 – 200 (out of 300)

New MSc in Climate Change

The world is in crisis. Be part of the solutions. Study 
Geography at Queen’s

Be part of our geographical family. Follow us on social media.
Please tell us what we can do to support you! 
Contact me anytime (Head of Geography): 
g.swindles@qub.ac.uk 

mailto:g.swindles@qub.ac.uk

