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WG 2 1 1         1    5 40 

WGM 7 19 4 4 6   1   1 2    44 43 

MSW 4 9 12 8    2        35 34 

MS   4 15 4 5          28 54 

MSD  5 4 11 18 14 1   2  1    56 32 

TT  1 6 2 8 51 3 6        77 66 

STT  1  1 1 5 13  2 2      25 52 

SP  1    1  6        8 75 

ST    1   1  2       4 50 

AT         1 1      2 50 

RS           2 3   1 6 33 

DT           1 6    7 86 

PV  2        1  1 1 1  6 17 

BA  1            8  9 89 

WA           1   1 4 6 67 

TOTAL 13 40 31 42 37 76 18 15 5 6 5 14 1 10 5 318  

%Agree 15 47 39 36 49 67 72 40 40 17 40 43 100 80 80  50 
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Sq-kmd 18501 12145 7073 6397 1810 271 3523 1038 

a Entire map excluding the mountain terrain type. 
b Riparian zone is included within the floodplain terrain type. 
c Number in parentheses is the percent cover for each land-cover type as estimated by an independent  systematic field sample of 756 

points. 
d Number of square-kilometers in each terrain type. 
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Year 
Calving 
Sites 

Sites in 
CCA 

CCA
Area

ACG  
Area 

Ratio 
CCA/ACG 

Population 
Size (K) 

%females 
In CCA 

%females 
In 1002 

%CCA 
In 1002 

%ACG 
In 1002 

1983 18 11 2,584 10,064 0.25 135 55.6 61.1 62.4 42.8 

1984 18 11 839 6,599 0.13  61.1 33.3 19.8 39.2 

1985 34 16 1,585 10,784 0.15  47.1 55.9 69.2 36.8 

1986 20 8 419 5,432 0.08  40.0 10.0 28.8 8.4 

1987 36 15 479 6,048 0.08 165 44.4 13.9 14.2 15.7 

1988 61 24 267 3,823 0.07  39.3 1.6 0.0 5.9 

1989 51 15 255 3,672 0.07 178 29.4 33.3 59.3 30.1 

1990 53 22 1,167 8,379 0.14  39.6 69.8 100.0 47.2 

1991 43 21 731 5,767 0.13  48.8 88.4 92.5 68.6 

1992 43 18 2,174 16,667 0.13 157 41.9 41.9 79.1 22.5 

1993 35 18 1,401 9,098 0.15  51.4 57.1 70.2 40.3 

1994 79 33 814 6,602 0.12 152 41.8 64.6 77.3 54.8 

1995 60 31 827 5,141 0.16  51.7 91.7 100.0 71.2 

1996 65 30 1,354 9,453 0.14  46.2 53.8 90.6 33.9 

1997 29 15 530 5,661 0.09  51.7 31.0 33.7 31.8 

1998 39 20 789 6,316 0.12 128 51.3 84.6 93.4 73.1 

1999 20 9 601 7,820 0.08  45.0 20.0 9.3 30.4 

2000 22 13 791 6,541 0.12  59.1 0.0 0.0 0.0 

2001 41 a 10,602  123  0.0  0.0 

average 40 18 976 7,604 0.12 148 47.0 42.7 55.5 34.3 

minimum 18 8 255 3,672 0.07 123 29.4 0.0 0.0 0.0 

maximum 79 33 2,548 16,667 0.25 178 61.1 91.7 100.0 73.1 

SE 18 7 630 3,060 0.04   20 7.8 30.1 35.9 22.5 

a  No concentrated calving was detected in 2001 
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 % Parturient (n) 

Year West East 

1988 72.7 (11) 100.0 (8) 

1989 53.8 (13) 77.8 (9) 

1990 83.3 (12) 100.0 (7) 

1991 45.5 (11) 75.0 (12) 

1992 72.7 (11) 75.0 (12) 

1993 55.6 (9) 62.5 (8) 

1994 66.7 (6) 87.5 (8) 

Mean parturition rate% 64.3**± 5.0 82.5**± 5.3 

a All sexually mature. 
b Individual locations consistently west or east for 2-7 years during  
   the calving period. 
** t-test, paired comparisons, P=0.003. 
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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. 

������	�	��6��
�������
�%�)��O��*��&
������)�O��*����������������"�������I�������������
���
���	��.�����
������
&���	���(������
�
��������
&��
���"
��������)$*�����������
����
����������������)8*�����	�������������
�����	������
�����
������
���
����������������



1(���������	
���������������������������������	����������
������

������	�	��8
���
&��
�����"������
����%����)��������������*�
���	�����
&���	�&
��������%������)-
���<��*�&�����������
��������������������A<@
�%������
����%!��������"������
�������������	�������������
�����	������
�����
������
���
����������������

 
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. 
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Year 

West of the Arctic 
Refuge: Itkillik River to 
Canning River (GMU 

26B)a 

1002 Area in the Arctic 
Refuge: 

Canning River to 

Aichilik Riverb 

 
All Arctic Refuge: 

Canning River to Canada  
(GMU 26C) 

East of the Arctic 
Refuge in northern 

Yukon Territory, 

Canadac 

 
Arctic Refuge 
+ west + east 

1982  219 219  219 

1986 9 386 399 23 431 

1990 122 273 332 41 495 

1995 330 228 321 146 797 

1998 207 213 331 136 674 

2000 277 189 246 146 669 
a  data source: E. A. Lenart, Alaska Department of Fish and Game, Fairbanks, Alaska, USA 
b  regions first occupied; numbers included in Arctic Refuge numbers 
c  data source:  D. A. Cooley, Department of Renewable Resources, Yukon Territories, Canada 
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