ITEX syntheses: Attribution of ecological change
to warming across the tundra biome
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The Arctic Is warming
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The Arctic is greening

B Increasing NDVI

B Decreasing NDVI

GIMMS 3g Satellite Data 1982 to 2015



IPCC Reports — detection and attribution

_..hce Widespread impacts attributed to climate change based on the available scientific literature since the AR4

CLIMATE CHANGE 2014:
IMPACTS, ADAPTATION, AND VULNERABILITY
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. Evidence of change in species and ecosystems
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1. Changes in evapotranspiration (Section 4.3.2.4)

2. Increased tree mortality (Section 4.3.3.1, Box 4-2)

3. Increased extinctions (Section 4.3.2.5)

4. Increased primary productivity (Section 4.3.2.2) and carbon stocks
(Section 4.3.2.3)

5. Changes in phenology (Section 4.3.2.1)

6. Species range shifts (Section 4.3.2.5)

7. Invasive species (Section 4.2.4.6)

8. Flow-related impacts on freshwater ecosystems (Section 4.3.3.3)

nce in attribution

. Impacts on major systems including early signs of regime shifts
S 9, e ™ el 3.3.5)
S 10. Tundra - increase in shrubs, melting of permafrost (Section 4.3.3.4,
(2] 12 : 8 Box 4-4)
ma . o = § 11. Boreal — tree . Can B S
12. Amazon - tree mortality (Section 4.3.3.1.3, Box 4-3)
13. Savannahs — woody encroachment (Section 4.3.3.2.2)
o n _% . Adaptation
& 14, Evolutionary and genetic adaptation (Section 4.4.1)
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Degree of confidence in detection

IPCC WG2 Chapter 4, Summary report 2014



Why tundra matters — feedbacks
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Our research questions...

1. How is tundra vegetation changing?

2. Is climate warming causing vegetation change?



Variables of interest:

Phenology Change Shrubification Compositional Change Trait Change




Phenology
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Plants are greening up earlier in the spring
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Plants are greening up earlier in the spring
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Plants are greening up earlier in the spring

Tundra: ” Change in first leaf date — 1950s to 2010s
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Phenology ~ temperature
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Phenology over time

ITEX phenology sites:

Count of site—species combinations
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Phenology ~ snow melt + temperature + sea ice

Assmann et al. in prep.



Detection Attribution
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It was warmer and shrubbier in the past!
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Shrubification

Qigiktaruk — Herschel Island, Canadian Arctic



Shrubification

1987 2013

Qigiktaruk — Herschel Island, Canadian Arctic



Shrubification

1087 2014

Qigiktaruk — Herschel Island, Canadian Arctic



Shrubification

1987 2015

Qigiktaruk — Herschel Island, Canadian Arctic



Shrubification

1987 2016

Qigiktaruk — Herschel Island, Canadian Arctic



Shrubification

1987 2017

Qigiktaruk — Herschel Island, Canadian Arctic



Shrubification
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Myers-Smith et al. ERL 2011, Myers-Smith et al. 2017



Shrubs increase ~ warming
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Shrub height ~ experimental warming

Increase in height (standardized)
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Effects of warming on vegetation height

Elmendorf et al. Ecol. Lett. 2012



Shrub growth ~ temperature

O  Low sensitivity (AAIC < 5)

O High sensitivity ((AAIC = 40)

X Not sensitive to climate

Myers-Smith et al. NCC 2015, Myers-Smith et al. J. Ecol. 2017



Detection Attribution
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Plant composition
&

)+~
/




Plant cover ~ time

(a) Vegetation cover (b) Bare ground
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Plant cover ~ time

(a) Vegetation cover (b) Bare ground
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Plant cover ~ time

(a) Vegetation cover (b) Bare ground
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Plant cover ~ time

ITEX plant cover sites:
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Plant community change favours warm-loving species
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Detection Attribution
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The traits of species,
not their identity, affect
ecosystem function

Trdit
change



Leaf traits link to decomposition and carbon cycling

Specific Leaf Leaf %f
Area (SLA) Nitrogen (N) \**

Rates of
photosynthesis &
decomposition
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Trait change ~ warming

Plant height (cm)

Specific Leaf Area (mm/mg)
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Bjorkman, et al. in revision



How will plants respond to future change”

Warming Tundra Trait Common garden
experiments Team experiments

Estimates of
traits in non-
analog warmer
climates
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Our research questions...

1. How is tundra vegetation changing?

2. Is climate warming causing vegetation change?



Other drivers of change
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Below-ground matters: up to 80% of tundra biomass







Simplicity: attribution of vegetation change to climate

A Phenology

Climate Warming




Complexity: direct versus indirect mechanisms

Sea Ice Melt A Phenology

Climate Warming




In summary...

1. How are tundra ecosystems changing?
« Changing phenology (some of the time)
«  Shrubification and increased plant cover and height

2. Is climate warming causing vegetation change?
«  Plant phenology and growth is climate sensitive
*  Plant communities are responding to warming
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Where we quantify shrub change?
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HIiLDEN

High Latitude Drone Ecology Network




Global
Change
Drivers

Tundra
Ecosystem
Reponses

Ecosystem-
level Impacts

Climate Warming
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Thank you!

For more information... https://teamshrub.com/

TWITTER LATEST

WELCOME TO TEAM SHRUB!
We ace ecologists working to understand how global change alters plant commursties Tweols
and ecosystem processes. We work at focal research sites in Northern Canada and o

conduct data syntheses at tundra biome and global scales.
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Less vegetation More vegetation

| ess carbon in biomass and More carbon in biomass and
more carbon in soils? less carbon in soils?

Vegetation change
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