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Presenter
Presentation Notes
Our project is part of a broad network of arctic researchers from all over the world that investigate the effects of climate change on the tundra biome. The project is called the International Tundra Experiment, or ITEX, and is a global, collaborative project.
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Our sites, shown in red and blue, are just a few of the many scattered all over the arctic. Each location is conducting a warming experiment with strict protocols so we can compare how different tundra plant communities are responding to warming.



Why the Arctic?

Warming is most 
pronounced at 
high latitudes

National Oceanic and Atmospheric Administration (NOAA)

Presenter
Presentation Notes
We do research in the arctic primarily because warming is most pronounced at high latitudes. For us, it is also convenient because tundra plants have a very short growing season of about 3 months, so we can easily collect data during all stages of development. Utqiaġvik actually has the only weather station in the red portion of Alaska on this map. This is important because…
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Headlines from the Washington Post…
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Extreme Tech…
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Scientific American…
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And NOAA websites (to name a few) have reported that the temperatures in Utqiaġvik for 2017 were so abnormally high that NOAA systems were flagging the data as unreal and eliminating it from the algorithms used for climate change projections. The North Slope is warming faster than we thought possible and this could have serious implications for not just plant communities, but for wildlife and human populations as well.



Experiment Setup

4 sites:
24 control plots
24 experimental plots

Open-Top Chambers (OTCs)
Raises air temp 1-3°C
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So our experiment is set up in two different locations with two sites at each location. Each of these four sites consists of 24 control plots and 24 experimental plots fitted with fiberglass open-top chambers, or OTCs. These chambers act like little greenhouses that are designed to raise the ambient air temperature 1 to 3 degrees C, which match the climate change projections for the end of the 21st century. 



• look at changes in vegetative cover after over 20 
years of experimental warming

• look for consistency (in change) with the control 
plots (given the region has warmed)

• identify trends likely to persist in future decades

GOALS
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The goals of our experiment were to look at the changes in vegetative cover after over 20 years of warming and see how consistent they were with changes in the control plots. This will tell us if the changes are likely caused by rises in temperature or if there is some other underlying cause. At the very least we will be able to identify which trends will likely persist in the years to come.



Dry Wet

Utqiaġvik

Atqasuk
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These are photographs from our four study sites in Utqiaġvik (represented by the blue star) and Atqasuk (the red star). Each location has a site located on a wet meadow and dry heath community to capture changes in different community structures.
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And soil moisture data for Atqasuk and Utqiaġvik. The wet sites obviously have a significantly higher soil moisture content than the dry sites. Both the Utqiaġvik and Atqasuk wet sites are located on drained lake basins. The dry sites are located on raised ridges.
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Here is a species list for the four sites. The wet sites are dominated by graminoids, primarily Carex with some Eriophorum, and the dry sites are very lichen and shrub heavy, particularly with Cassiope and at the Utqiaġvik dry site Salix rotundifolia. The dry sites are also much more bare. We didn’t include this data, but the amount of bare ground at the Atqasuk dry site has increased pretty drastically over the last 20 years.



Pointframing
• Same two weeks each year
• Point frame grid

• 75cm x 75cm
• 100 points

• At each point:
• Every contact from 

canopy to ground
• Species
• Live/Dead Status
• Height
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For data collection, we use a nondestructive sampling method called pointframing during the same two weeks each year during peak growing season. We place a 100 point grid over each plot and level it. The diagram to the right shows the orientation of the frame and direction of data collection. The bar to the left indicates where you would sit. Then at each of the 100 points we take a ruler and, starting at the crosshair, slide the ruler straight down. Every time the ruler touches something we record the species, status (live or dead), and height.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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To visualize the data, we took the average cover for deciduous shrubs…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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Evergreen shrubs…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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Graminoids…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form

Presenter
Presentation Notes
Forbs…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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Bryophytes…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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Lichens…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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Litter…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Average cover
of each growth form
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And standing dead…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each year sampled
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For each sampling year: 1995 through 1997…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each year sampled
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2000…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each year sampled
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2007 and 2008…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each year sampled
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2012…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each year sampled
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And 2017



Control

Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each treatment
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And for each treatment: the control…



Control Warmed

Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

each treatment
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And warmed plots.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0

Statistical Tests
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I’m going to very briefly walk through how we did our analysis before looking at each individual site. First, to determine if the control plots were actually changing, we performed ANOVAs for each of the different growth forms and sampling year. If the difference between years was not significant, we considered there to be no significant change in cover over time.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0

Statistical Tests
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Presentation Notes
I’m going to very briefly walk through how we did our analysis before looking at each individual site. First, to determine if the control plots were actually changing, we performed ANOVAs for each of the different growth forms and sampling year. If the difference between years was not significant, we considered there to be no significant change in cover over time.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0

Statistical Tests
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If the difference between years was significant, we considered the taxon to be “responsive” and correlated year with average cover to determine if the change was directional. We used the R2 value to determine if the response was directional, as shown here with graminoids…



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0

Statistical Tests
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Or inconsistent, as shown here with lichen cover.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0
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Presentation Notes
To determine whether plants were responding to experimental warming, ANOVAs were performed using year, treatment, and the interaction between them. If neither treatment nor interaction were significant, we considered there to be no response to warming.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0
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Presentation Notes
If either treatment or interaction was significant, we again correlated year with average cover to determine if the change was directional.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0
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If the taxon was responsive and the interaction between year and treatment was not significant, the response was considered either consistent or inconsistent based on the R2 value.



Utqiaġvik Dry
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If we take a look at the Utqiaġvik dry site…



Utqiaġvik Dry



Evergreen Shrubs are

Utqiaġvik Dry
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Evergreen shrubs…



Evergreen Shrubs are

Graminoids are 

Utqiaġvik Dry
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And graminoids are clearly increasing both over time and with warming.



Evergreen Shrubs are

Graminoids are 

Bryophytes are

Utqiaġvik Dry
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Bryophytes, on the other hand, are consistently decreasing with warming, but are showing nondirectional changes over time.



Utqiaġvik Wet
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At the Utqiaġvik wet site…



Utqiaġvik Wet
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We again see major changes for three different growth forms.



Utqiaġvik Wet

Deciduous Shrubs are
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Deciduous shrub cover is clearly increasing in the warmed plots, but has remained minimal in the control plots.



Utqiaġvik Wet

Graminoids are 

Deciduous Shrubs are
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Conversely, graminoid cover is increasing over time, but isn’t showing a significant response to warming.



Utqiaġvik Wet

Graminoids are 

Deciduous Shrubs are

Bryophytes are
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Bryophyte cover has also significantly decreased with warming.



Atqasuk Dry
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At the Atqasuk dry site…



Atqasuk Dry



Atqasuk Dry

Forbs are
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Forb cover is consistently increasing with warming.



Forbs are

Lichens are 

Atqasuk Dry
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And lichen cover is decreasing over time, but is showing inconsistent changes with warming. 



Atqasuk Wet
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Finally, the Atqasuk wet site…



Atqasuk Wet
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Is showing the greatest number of changes with four different growth forms.



Atqasuk Wet

Deciduous Shrubs are
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Both deciduous shrub cover…



Atqasuk Wet

Deciduous Shrubs are

Graminoids are 
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And graminoid cover are clearly increasing over time, but not with warming.



Atqasuk Wet

Deciduous Shrubs are

Graminoids are 

Bryophytes are
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Bryophyte cover is clearly decreasing over time, but is showing inconsistent changes with warming.



Atqasuk Wet

Deciduous Shrubs are

Graminoids are 

Bryophytes are

Lichens are
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Finally, lichen cover is consistently decreasing with warming. 



Summary



Utqiaġvik Dry Utqiaġvik Wet

Atqasuk Dry Atqasuk Wet

Presenter
Presentation Notes
And here is just to show you all four sites side-by-side to compare. A lot of the trends I just went over are real obvious in these figures.



Utqiaġvik Dry Utqiaġvik Wet

Atqasuk Dry Atqasuk Wet

But not all trends are consistent with response 
to warming…

Plant traits as potential cover change drivers?

Deciduous Shrubs are

Graminoids are 

Bryophytes are
Lichens are

Across all sites…
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Presentation Notes
Overall, bryophytes and lichens are decreasing over time and with warming. Deciduous shrubs and graminoids, however, are increasing in cover over time but are showing inconsistent changes in response to warming. Obviously temperature is not the only thing driving cover change in arctic communities, so we need to consider other factors. One possibility is looking at plant traits of individual species rather than growth forms. Our next project will be to investigate some of these traits and correlate them with cover change to see if any show more promise as potential cover change drivers.
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And with that, I will open it up to any questions.



Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Utqiaġvik dry (BD) site
Deciduous Shrub 15.0 28.5 24.5 23.0 28.3 I 14.9 24.3 20.0 24.1 27.2 . -0.1 -4.2 -4.4 1.1 -1.2
Evergreen Shrub 11.4 20.4 19.5 37.1 30.3 D+ 15.2 24.8 27.7 50.2 40.2 C+ 3.8 4.4 8.2 13.0 9.9
Graminoid 3.0 7.3 8.2 8.0 18.0 D+ 4.5 12.3 19.6 17.7 29.4 D+ 1.4 5.0 11.4 9.7 11.4
Forb 4.5 7.7 7.7 7.6 9.2 D+ 4.3 6.6 12.3 11.3 10.6 . -0.3 -1.0 4.6 3.7 1.5
Bryophyte 11.0 19.8 11.8 17.5 16.8 I 8.4 13.8 6.3 9.6 11.5 C- -2.6 -6.0 -5.5 -7.9 -5.3
Lichen 27.0 37.9 32.5 48.4 42.7 I 25.8 24.7 15.9 19.6 18.0 I -1.3 -13.2 -16.6 -28.8 -24.7

Utqiaġvik wet (BW) site
Deciduous Shrub 0.2 0.0 0.0 0.3 1.0 I 0.3 0.7 1.8 3.8 6.1 D+ 0.2 0.6 1.8 3.5 5.1
Graminoid 43.3 63.0 50.6 75.6 93.6 D+ 44.4 60.4 51.3 80.0 96.6 . 1.1 -2.5 0.7 4.5 3.0
Forb 17.8 14.6 14.0 19.1 22.3 . 15.6 13.1 16.5 19.5 18.2 . -2.2 -1.5 2.5 0.4 -4.1
Bryophyte 42.0 56.4 25.1 34.0 27.6 I 42.0 45.6 16.1 20.7 17.5 C- 0.0 -10.8 -9.0 -13.3 -10.1
Lichen 2.5 3.3 5.5 6.0 6.1 . 1.8 1.8 1.8 1.9 1.1 D - -0.8 -1.5 -3.8 -4.2 -5.0

Taxa C1 C2 C3 C4 C5 E1 E2 E3 E4 E5 W1 W2 W3 W4 W5

Atqasuk dry (AD) site
Deciduous Shrub 0.5 0.4 0.6 0.5 1.0 . 0.3 0.3 0.5 0.7 0.8 . -0.3 -0.1 -0.2 0.2 -0.2
Evergreen Shrub 29.2 22.6 38.8 29.2 29.1 I 29.8 26.1 35.2 35.7 42.3 I 0.6 3.5 -3.6 6.5 13.3
Graminoid 12.3 9.0 24.2 14.3 19.4 I 12.6 6.4 19.2 12.1 27.1 . 0.4 -2.6 -5.0 -2.2 7.7
Forb 0.7 0.4 0.9 0.7 1.1 . 0.7 0.8 1.6 1.6 2.2 C+ 0.0 0.5 0.7 0.9 1.0
Bryophyte 9.1 12.0 7.9 6.8 7.4 I 9.2 11.3 7.9 7.0 5.7 . 0.1 -0.7 0.0 0.3 -1.7
Lichen 60.1 56.3 39.9 27.3 25.3 D- 67.2 55.8 37.9 22.2 19.5 I 7.0 -0.5 -2.0 -5.1 -5.9

Atqasuk wet (AW) site
Deciduous Shrub 8.0 8.6 10.8 14.3 19.8 D+ 6.2 8.0 10.3 17.3 19.9 . -1.8 -0.6 -0.4 3.0 0.1
Graminoid 27.8 19.7 41.8 36.0 79.0 D+ 26.5 23.6 50.9 44.5 94.9 I -1.3 3.9 9.1 8.5 15.9
Forb 0.5 0.5 0.5 0.3 0.6 . 0.5 0.3 0.3 0.6 0.3 . 0.0 -0.1 -0.3 0.3 -0.3
Bryophyte 87.8 91.8 87.8 56.1 47.0 D- 86.7 90.8 95.0 48.3 33.7 I -1.1 -1.1 7.3 -7.8 -13.3
Lichen 1.0 0.6 0.3 0.7 0.0 I 1.0 0.3 0.2 0.3 1.5 C- 0.0 -0.3 -0.1 -0.4 1.5
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