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1990 31 May– 03 June 08 – 12 June 19 – 22 June   

 C D C D C D Areab Timec 

Tussock cottongrass 3 3**d 3 3**d 3 4** P < 0.01 * 

Tall cottongrass 1 1 2 2 2 2 P = 0.60 ns 

Aquatic sedge 1 1 2 1 2 2 P = 0.44 * 

Diamond-leaf willow 1 2 1 2** 2 3** P = 0.01 * 

1991 04 – 06 June 09 – 13 June (no sampling)   

 C D C D   Areab Timec 

Tussock cottongrass 2 2 3 3   P = 0.85 * 

Tall cottongrass 1 2* 1 2*   P = 0.04 ns 

Aquatic sedge 1 2 2 1   P = 0.83 ns 

Diamond-leaf willow 0 0**d 0 1**   P < 0.01 * 

* P < 0.05,  ** P < 0.01, ns = no significant difference. 
a Phenological stages: Tussock cottongrass, 1 = boot stage, 2 = early flower, 3 = full flower, 4 = seed; Tall cottongrass and 

Aquatic sedge, 1 = vegetative < 5cm, 2 = vegetative > 5cm, 3 = early flower, 4 = full flower; Diamond-leaf willow, 0 = no new 
growth, 1 = bud swollen, 2 = leaf unfolding, 3 = full leaf. 

b Significance level for difference between areas averaged over all periods.   
c Significance level for change between first and last sampling period.  
d Phenological stage significantly advanced, although median values were the same. 
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  Vegetation Typesb 

 
Species 

 
WG 

 
MS 

 
MSD 

 
TT 

 
ST 

 
Tussock cottongrass 

 
 

 
 

 
 

 
g/m2 

 
0.00A 

 
< 0.01AB 

 
< 0.01AB 

 
0.04C 

 
0.03BC 

 
Tall cottongrass 

 
 

 
 

 
 

 
 

 
% cover 

 
1.2AB 

 
1.4A 

 
0.5C 

 
0.4C 

 
0.5BC 

 
Aquatic sedge 

 
 

 
 

 
 

 
 

 
% cover 

 
0.9A 

 
0.7A 

 
0.0B 

 
0.0B 

 
0.0B 

 
Diamond-leaf willow 

 
 

 
 

 
 

 
g/m2 

 
0.00A 

 
0.88BC 

 
0.00AB 

 
0.83C 

 
3.25C 

a  Values are medians for all sites, with site values obtained as 
means for 3 times.  Medians with the same superscript were 
not significantly different (P < 0.05). 

b  Vegetation types: WG = wet graminoid tundra, MS = moist 
sedge-willow tundra, MSD = moist sedge-Dryas tundra, TT = 
tussock tundra, ST = low shrub tundra. 

1990  
31 May– 03 June 08 – 12 June 19 – 22 June 

  

 C D C D C D Areaa Timeb 

Tussock cottongrass flowers        

 no/m2  0.6 0 0.5 0.2 0.2 0 P = 0.87 ns 

 g/m2  0.02 0 0.01 < 0.01 0.01 0 P = 1.00 ns 

Tall cottongrass        

 % cover  0.4 0.4 0.6 0.3 0.6 0.2 P = 0.93 ns 

Aquatic sedge        

 % cover   0 0 0 0 0 0 P = 0.72 *c 

Diamond-leaf willow leaves        

 g/m2  0 0 0 0 2.0 0.3 P = 0.10 * 

1991  
04 – 06 June 09 – 13 June (no sampling) 

  

 C D C D C D Areaa Timeb 

Tussock cottongrass flowers        

 no/m2  2.7 0.0** 3.5 0.0**   P < 0.01 ns 

 g/m2  0.09 0.00** 0.11 0.00**   P < 0.01 ns 

Tall cottongrass        

 % cover  0.2 0.3 0.3 0   P = 0.68 ns 

Aquatic sedge        

 % cover  0 0 0 0   P = 0.08 *c 

* P < 0.05,  ** P < 0.01, ns = no significant difference. 
a Significance level for difference between areas averaged over all periods.    
b Significance level for change between first and last time periods.  If the significance levels differed between areas, both are shown (C/D). 
c Last sampling period with significantly higher cover, although median values were the same. 
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Vegetation Type 

 
Entire 

Coastal Plain 

 
Calving Habitat  

Study Area 

 
Traditional 

Calving Area 

 
Displacement Calving 

Area 
 
Tussock Tundra 

 
22 

 
30 

 
39 

 
21 

 
Moist Sedge-Willow Tundra 

 
30 

 
25 

 
31 

 
19 

 
Low Shrub Tundra 

 
7 

 
11 

 
8 

 
13 

 
Moist Sedge-Dryas Tundra 

 
12 

 
9 

 
7 

 
12 

 
Wet Graminoid Tundra 

 
13 

 
8 

 
8 

 
7 

 
Dryas River Terrace 

 
3 

 
7 

 
1 

 
13 

 
Riparian Shrublands 

 
2 

 
3 

 
3 

 
3 

 
Barren 

 
2 

 
3 

 
3 

 
4 

 
Partially Vegetated 

 
2 

 
2 

 
<1 

 
5 

 
Water 

 
<1 

 
2 

 
<1 

 
4 
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 Early Flower Full Flower      Seed   

Tussock cottongrass C D C D C D Areaa Timeb 

Nitrogen 2.8 2.6 2.5 2.2** 2.4 2.2** P = 0.01 ns 

Phosphorus 0.49 0.45 0.46 0.38* 0.38 0.36* P = 0.03 */ns 

Calcium 0.18 0.16 0.13 0.12 0.14 0.11 P = 0.25 ns 

Neutral detergent fiber 55.8 58.0 58.2 62.7 66.8 65.9 P = 0.07 * 

Acid detergent fiber 16.5 18.4 19.0 20.4** 22.8 23.2** P = 0.01 * 

Lignin 2.3 2.6 2.5 2.3 1.9 1.9 P = 0.43 ns 

n (# of sites) 6 7 8 15 8 14   

 Leaf Unfolding Full Leaf     

Diamond-leaf willow  C D C D     

Nitrogen 3.7 3.4 2.2 2.2   P = 0.27 * 

Phosphorus 0.50 0.47 0.18 0.17   P = 0.79 * 

Calcium 0.51 0.49 0.62 0.59   P = 0.34 * 

Neutral detergent fiber 22.2 22.4 25.0 25.6   P = 0.71 * 

Acid detergent fiber 16.3 15.6 17.0 17.7   P = 0.71 * 

Lignin 10.3 9.4 8.8 9.4   P = 0.43 * 

n (# of sites) 8 8 8 8     

* P < 0.05,  ** P < 0.01, ns = no significant difference. 
a Significance level for difference between areas averaged over all periods.    
b Significance level for change between first and last time periods.  If the significance levels differed between areas, both are 

shown (C/D).  All tests for tussock cottongrass inflorescences were of full flower and seed stages only. 
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       Full Flower           Seed  

 TT a Other TT Other Stage 

Nitrogen 2.4  2.0** 2.4  2.1**  P < 0.01 

Phosphorus 0.43  0.34** 0.39  0.35**  P < 0.01 

Neutral detergent fiber 60.0  63.6  66.2  66.7  P = 0.25 

Acid detergent fiber 19.7  21.8*  22.8  23.6* P = 0.04 

Lignin 2.6  1.1** 1.9  1.9  P = 0.03 

n (# of sites) 17  6  16  6   
 * P < 0.05,  ** P < 0.01  
a TT = tussock tundra; Other = all other vegetation types that had tussock cottongrass inflorescences including moist sedge-willow 

tundra, moist sedge-Dryas tundra, and shrub-dominated tundra. 
 

 
 
 
 


