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Predicting plant responses to warming 
is important

• Arctic plants play critical roles in 
local and global systems

• Predicting plant responses to 
abiotic factors can improve 
models of these systems



Study Question: 
Since predicting plant responses to 

warming is important
how can we best predict them?



Arctic growing season
Spring Summer Fall 

Snow melt Freeze-up

Frozen Ground

Thawed Ground

Snow Snow



Leaf burst & 
growth

Flowering 
starts

Root growth

Flowering
ends

Arctic growing season
from a plant’s perspective

Spring Summer Fall 

Inf. growth



Leaf length
(vegetative plants)

Plant traits examined

Inf. 
length

Repro. effort
(# Inf.’s or flowers 

produced)

Flowering duration

Flower burst date

Spring Summer Fall 
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Specific trait predictions
Prediction 1: Plant traits will be better predicted using degree days 

than season dates (e.g. snow melt date).
– Season dates only account for time while degree days incorporate 

temperature

Prediction 2: Using different degree day base temps. will alter the 
number of species predicted.
– Species have different minimal growing requirements and this will 

determine how effectively degree days predict their traits

Prediction 3: Reproductive effort will be better predicted using temp. 
measures from previous years than those during the current year.
– Previous season’s temps. critical in determining flower “finalization”



Methods
• Control plot data from 5 years 

between 1999‐2008
(Years all abiotic factors were collected)

• Plant traits averaged each year
• Abiotic factors averaged each year
• Calculating degree days:

– Various base temp (‐5˚C to 5˚C )
– Two periods: 

• Snow‐melt through Aug 15 
(spring & summer)

• Aug 15 – Freeze‐up (fall)
• Linear regressions in R (α = 0.05)



Interpreting results

Repro. effort 
(33 Spp)

Thaw depth 3 9.09%

Snow melt date 3 9.09%

Growing season length 1 3.03%

Spring & Summer DD base ‐5C 3 9.09%

Spring & Summer DD base ‐2C 3 9.09%

Spring & Summer DD base 0C 3 9.09%

Spring & Summer DD base 2C 3 9.09%

Spring & Summer DD base 5C 2 6.06%

Soil Spring & Summer DD base 0C 4 12.12%

Abiotic factor Plant trait Number of 
species 

examined

Number (and %) of 
species with significant 

linear regressions



Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

Repro. effort: # sig. predictions fairly similar regardless of factor used

Prediction 1: Plant traits will be better predicted using degree 
days than season dates (e.g. snow melt date)  



Prediction 1: Plant traits will be better predicted using degree 
days than season dates (e.g. snow‐melt date)  

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

Inf. length: # sig. predictions higher using degree days or thaw than season dates 



Prediction 1: Plant traits will be better predicted using degree 
days than season dates (e.g. snow‐melt date)  

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

Leaf length: # sig. predictions somewhat higher using degree days



Prediction 1: Plant traits will be better predicted using degree 
days than season dates (e.g. snow‐melt date)  

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

Flowering date: # sig. predictions higher using season date or soil degree days



Prediction 1: Plant traits will be better predicted using degree 
days than season dates (e.g. snow‐melt date)  

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

Flower duration: # sig. predictions higher using soil degree days, but poor overall



Prediction 1: Plant traits will be better predicted using degree 
days than season dates (e.g. snow‐melt date)  

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%



Findings in context: degree days yielded 
more significant models than season dates

Spring Summer Fall 



Prediction 2: Using different degree day base temps. will alter 
the number of species predicted.

Trend: as base temperature increases, the number of significant models decreases

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .



Prediction 2: Using different degree day base temps. will alter 
the number of species predicted.

Trend: as base temperature increases, the number of significant models decreases
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(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .



Findings in context: 
degree day base temp. matters
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Prediction 3: Reproductive effort will be better predicted using temp. 
measures from previous years than those during the current year.

Trend: Using previous year’s canopy temps slightly increased # sig. models 
AND using previous fall soil degree days showed greatest number of sig. models. 

Repro. Effort (33 Spp.)
Using  current year’s temps Using previous year’s temps

Spring & Summer DD base ‐5C 3 9.09% 4 12.12%

Spring & Summer DD base ‐2C 3 9.09% 4 12.12%

Spring & Summer DD base 0C 3 9.09% 4 12.12%

Spring & Summer DD base 2C 3 9.09% 4 12.12%

Spring & Summer DD base 5C 2 6.06% . .

Soil Spring & Summer DD base 0C 4 12.12% 2 6.06%

Soil Fall DD base 0C 6 18.18%



Findings in context: repro. effort better 
predicted using previous year’s temps. 

Spring Summer Fall 

Critical period for determining flowering



Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

Other trends
Soil degree days had the greatest number of sig. models for all plant traits but leaf length



Other trends

Repro. effort 
(33 Spp)

Inf. length
(24 Spp)

Leaf length 
(27 Spp)

Flowering date
(19 Spp)

Flower duration 
(19 Spp)

Thaw depth 3 9.09% 5 20.83% 1 3.70% 1 5.26% 1 5.26%

Snow melt date 3 9.09% . . 2 7.41% 2 10.53% . .

Growing season length 1 3.03% 1 4.17% 2 7.41% 2 10.53% 1 5.26%

Spring & Summer DD base ‐5C 3 9.09% 6 25.00% 4 14.81% 1 5.26% . .

Spring & Summer DD base ‐2C 3 9.09% 5 20.83% 3 11.11% 1 5.26% . .

Spring & Summer DD base 0C 3 9.09% 3 12.50% 3 11.11% . . . .

Spring & Summer DD base 2C 3 9.09% 2 8.33% 2 7.41% . . . .

Spring & Summer DD base 5C 2 6.06% . . 2 7.41% . . . .

Soil Spring & Summer DD base 0C 4 12.12% 7 29.17% 2 7.41% 3 15.79% 2 10.53%

TOTAL Spp Predicted 11 33.00% 12 50.00% 7 25.92% 8 42.11% 4 21.05%

Combined ability of abiotic factors to predict plant traits 



Summary
• Degree days tend to be better at predicting plant traits than 

season dates

• Changing base temperature for calculating degree days 
changes number of species predicted

• Reproductive effort can be better predicted using temp. 
data from previous years

• Using soil temps. can increase the number of species 
whose traits are predicted

• Using multiple abiotic factors improves predictions
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Questions?









Arctic growing season
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• Repro effort: 9 (27.27%) species predicted 
using previous season’s abiotic factors


