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�6��+'	�� 	�� �	'��� �5��+�� ��	�� �'�������
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���+��������	��'!�'�'���+������+����	��*'��������
	���6�%���	���'������
� �4 ���'��������'��	�
�	5��'������	���	��'��6%�+'	��%������� 	*����
�'!�'�'���+������+��	�����+���+����'!�'�'���+��	�'+'5�
�����+� ��	�� �6��+'	�� 	�� 5� '��� �	'���� ���� �
���!'��������+���	��+6����������+�'���D� 	*�5���
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/�� �5�������'������	���	��6�+'�!��	���� ���'5�
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+ ���	5'��7�+�
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� �	*���
!
���	�!	���	����≤9A��������� �	� + ��
����@�� +	� + �� %	++	�� '��*'�+��� %6+� + �*�%�� &6��

7�����	�����G9���������*'+ ��+�����5��+'����'���
���� �	��	�� 	�� + �� ��+�� %6+� ���� 6��	��	�
���* ����	��+ �����+'���	��+����'�
��)�����G$� �
'���'@�������	��	�������	5�����H�	�� + ����+�P�
�6�������/������#20�
��,	���	��+ ������!������
����������+	���A�����������@��	���'��+ ��6�����9��D
'�������'���	��+ ���������6�+'�+ ���'��+� ���	��&6�
�/������#20�
��,�5����	+ ���+�����	��������'��6�'�!
	�'��+����������%���	���8� ������������	'�+8%��
���������� ����	���������+ �*�������	��6��	��+ �
��+���/������#0��
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����%��+ ���'!��+'	��	���'5���� �������/������#20�

� ������	����+'	����	*�*�+����5���'��+����������
+	��6�+6�+���	��������+'����+ ���+ 	���'��6�+�����
������ ���6+'�!� '�� %������ 	�� ���+'��� 5�!�+�+��
� 	��'���������	*'�!���+�*�+���+	�'�+�6���'�+	��	��
	��+ ��������
���'5������'���+����'���+ ��%	++	��	�
+ ���� ���������� + �� � ������ �5��+6��� ���	�'�!
���5'	6����6%���!����������������6�'�!�+ ���	*�	�
�'5��'���*�+��� +	� + ���	�+� ��+����� �		�� �5��+�

����6���+����������������'5���� ����������+ ���'��+

������	��+ ����+��+	�%��	����		����'�����'�!��+ ��
�	��+'+6+�� '��	�+��+� �+�!'�!� �%'+�+� �	���'!��+'�!
*�+���	*���	+ �A�+��
��#0��
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��/'�+������+�T0��	�+ ���������
�	������*'���
��,��'�!�'��%�'������+'�!�	���T��*����
'���+��.������������&6��������'��� ����+��'@���%�
+ ���		�'�!�����%����6��	��+ ���'5��
������+��.���
*�+�����	����+'�!���	*��	*��%	+ �	5�������6����
+ ���'5���'�������6+'�!�'���		�'�!�+ �+��������6�'�!
�+��.���	��+ ���'��+�*����	��&6����/������#0��

�����6�� 	�� + �� �'5��� '��� 6�6��� 	��6��� * ��
�		�*�+���� ���� �+� ����� �5��
� �/�+��� �5��
�6%��;6��+����������� '�� + ����+�� + �	6! 	6+� + �
�6������*'+ � + �� 	*��+� �5��� 	��6��'�!� '�� �+�
�6�������������:6�+�%��	�������@�86���/������#0��

,6�����������		��*'+ �+������+6�������!'�!���	�
=��U���'���'�8.���+	�V�$U���'��&6�������6!6�+
�<	�+ ��#0��
��,6�����*��+ ���'��� ����+��'@���%�
	*�����'�'+�+'	���	5�����+���'�����	!����������'�+��+
*'����+ �+��	�������	�'���+����	��+ ���	�+ ���+
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��'���/���������.	�!����#�1�
��4 ���	5'��7�+�
'�������'%���'���	�����+�'�%��&	 ��	���+��
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!��5���	����-'!6�����
��4 ��+	+���������	:��+���+	�%�
�	5�����*'+ �!��5���'�'��T�#� �
��������8;6�'+�
�'��'��� +	� + ��"6���6���'�'���*'��	����+� + '�
��5�	����+�+	���'�+'�!�'�����+�6�+6���'��+ ��"6���6�
�'�'��
��<	��8����	���	���'���������+	��������+ �
��'������''+'�����	��+ ��"6���6���'�'��D���+��'���
�;6'����+����������	����*'�+��5��%���'��	��	5�����
	��'����	�����6�'�!�*'�+��
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���+	���6����+���+	��'�����+N�������+	��D�*��+ ��D��	'��
��	���	��+�6�+'	��������''�!D�5� '�������� '�����
������	��� ��+'5�� '�� + �� �%������ 	�� �'�����+D� ���
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������� ���������6����+'5'+'���	�� + �� +6����
� �4	
 ��� '���+'��� + �� 	����+'	��� �����+��� *��  �5�
'��	��	��+��������+��	����%��	��8��+��8�	�+�	8'����+
���'!�������D�,+�*��+8��+����+��
��#0�������!���'��+
�����'���('������,� ��'�����##2�
��4 ����������'!�
�����	������'�!�%��	���������+������'����+�'���	�+�	
����'����+��������D����'��+'�!�+ �����������'��+ �
%��	���������+������'	���'���������	6���%''+��+	���+��+
�'���������
��4	��5�6�+�����6��5��'�+'	�������5�6�+�
�	+��+'�������+����	��+ ���'��+������	���	��+�6�+'	��
*��*'��	��������+����	���##�������##2��&	 ��	�
�+��
��##2���##0��*'+ ���+����	��+ ���6����+��'��
�+6����* �������	��'�+�
��4 ��!���'��+����'!����;6'���
����'�!�	5����	����	�+'�6	6������6�����	�����	'�+
�	6�����'��+ '��������*��6�����'�+�������	��+ ���'��+�'�
�����5���	����+'5'+����
!
���6�%���	�����'�!�����
+���	��������!���'��+��	���	+��+'���'�+6�%����
� ���
+ '�����	�+�*��������+�!���'��+�����	+ �����������	�
���+'�!���+����	��'��'5'�6���������%6+�������+��
��������*'�%���������6�+'�+ ��	����+'	�������
��+���9����� �5��%�����	��+�����������@��
��4 �
�������� �5��%��������*'�%���	��6�+���	������!�
����'������+'�!�'��+ ����	:��+�����D����'�!������'���
C���+���/ '+�8��	�+���C		��������'�'����%���6��
+ �'�����+���������+'5����%6����+�����*�8�'�+�'%6+��
'��+ ����	:��+������D�%'�������'������+'�!�	��%����'�!8
%'����	+�D�����	��'��'5'�6�����+���'���5�6�+'	���	�
���+'�!�%� �5'	��
� �����6���*�������5�6�+'�!�+ �
����	�����	����5��������'���	��%'���������6���	6�
������+�����	6���	��6�'	���*'���������'��%��%����
	��+ ��R*�'! +�	���5'�����S��*'+ ��	���*�'! +������
	�� �������� + �+� �5�6�+���	�6�+'	�� ����	����� +	
�	+��+'���'�����+��'�+6�%����
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/�����	������	��'+'	���'��+ ���+6��������+	�������
���+	��� �6� � ���*��+ ���� +'�'�!�	�� ��	*��+�� ���
 6���� ��+'5'+�� + �+� �	6�� �����+� �5'���6��� 	�� + �
��'�����	:��+�������������6���	����'�	��
��,�	*
����'����	��'+'	���'��+ ����'�����	:��+������*���
�	�'+	�����6�'�!����'�������6�5���
��,�5�������+	��
*����6���� +	� !�6!�� + ��� ��		!'��� �+�!��	�� + �
����	�N� � + ����+��	����	*��+�� + ����+����+*�+��
�	�����	��������+ ����+��� �	*������%������'��8
������ + �� �'��+� ��+�� 	�� �'�!�� �� '�	�	�'����
����!������ + �� �'��+� ��+��	���	�;6'+	� ������� ��
�
����!�����������'��+���+���	���!!� �+� ��	�����+'�!
%'���
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���� ��� %�!��� �6�'�!� *'�+��� �##0
� � ��'	�� +	
�	��+�6�+'	����6�5��	���� ���		!'�+���%	+��'�+������
*'�'��� %'		!'�+�� �	��6�+��� ���8��5�	����+
�5�6�+'	���'��+ ����	:��+�������4�%����
������6��
 6������+'5'+�� ���5��'�����	�!�+ ��������	���+6���
'+�*�������������+	��	�6���+�+ ��+'�'�!�������+��+
	��+ ����+'5'+����� �����
����'	��+	��###�� 6������+'5'+�
'��+ ����'�����	:��+������*����	+��	�'+	�����'���+��
%6+�*��������������	�����	����	����+'5'+'������+�%�
+ ���	�+���+	�������	+ ����*	��'�!�'��+ ������
����
�###��*��6����+'��8�����5'��	���������+ �+�*���
�	�6�����	�����+���������''+'���+	��	�6���+� �'�	�+��
���'�!������5� '������������+�'���+����'�
��)���'�!�
����+���	����	���'���8*'�!��'�����+�*�������	�����%�
��'������6�'+���+����������	�*�����	�6���+���	�
5'��	+���
� �L� '����*��������'�'��������� '����
�!�������� %6�	@����� �	����+	���� �������� ���
	����������!��+�6�����≥��+	��������+'�!����������
+�6������'��6����R,6%6�%���S�������'�!�8����	���8
+����'��5� '����>�4L�?�
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��	:��+� �����*'+ � + ����)�����87�5'��.	��� 02�
,	6���)�5��.�+���
��4 ���	6����	�'+	������	����
�	'����5�����	�����+	�9#�&6���	��+ ���	�+ ��'���	�
+ ���'��+�'�������+ ���	'�+�	��'�+	����6�'�!�+���	���
�������'�6�� %���'�!� �	�� ���'�!�� 	�� ��7�8�
���	6�+��'�!�+ �����5�''�!��	�+ ���+�*'����-'!6���9�

4 ��+ �����	�'+	���*�����������+��$���10�����������
�������'�6����+	�+ ���'��+�'�
��-�	���9�&6��+	�9$
�6!6�+��+ ���	�'+	���*�����	5���+	�9$��0$�����������
��	�� + �� �	6+ � �'��� 	�� + �� �'��+�'�
� � �� �	6��
����6�����+��*�������	�����'���8*�'! +������'%��
�����
� �76�'�!�&6���� + ���	�'+	������	�����+'���
��+�������,()����	6����;6'5���+��5�����	���	'��
+ �+����������0$������	���6��+'	���≥9�������	'��
�5��+��� ���*�� ���	+ ��� �	6�����+�'��
� �,()�����
	!��'+ �'������6�����+�� 	�� �	6��� ����!�� 	5��
���'	���	��+'���* ���+ ���	'�������������������'%��
�5�
��76�'�!�&6�������6!6�+��+ ���	�'+	������	����
,()�� + �+� ��������� 0$� ���� �	��≥��� ���
� �/�
���	5����	'�������6�����+�� ��	�������'��* ��
�5���!����'��*'���������*���≥9���� �����6�'�!
+ �+��	'����5���	��+ ���������*����'��6������%�
*'��8!�����+����	'��
��/��!�+ ��������	����	����'�
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��	������6+	��+���<�+'	���/��+ ���,��5'����+�+'	�
'��<6';�6+
��/����	����	5����	'�������6�����+�
������6�'�!��	'����5��+��≥����'��'���6��+'	���6����
+ �����6��+'	��+ �+�+ �����5��+��*����!�����+���%�
*'��� 	�� �	��� 6���	*�� �	6���� ��	��� �	6�� %�
���'!���� +	� �'�����+�� 5� '����� 	�� 	+ ��� ��+'5'+'��
�	�'+	����%��5'��	���������
�����5���!���	��,()�
*����	!��'+ �'�
��/�����'!�������	6�����7�8���4*'�
�++�����89�2���8�0$��  �'�	�+������� '������ ��!�
+�6��������+�6����+	�+'��8����'�'���	'����5��+��+ �+
	��6������6�'�!����'�!������+���	����	���'�����+�	�
* '��5� '����*������+'5��	��+ ���'��+�'�
������6��

+ �� ���	����� +'���	�� �'�����+� ����5� '�����'���	+
�	�����	�������+��+	�+ ��+'���+ �����	'����	6����
*�����	���+� +	�+ ���	'����	�'+	�������+ ����*���
��+'5'+'����6� ������!'����+��+���+��''�!����������	�� ��
%��	���������+���+ ��+'���	��+ ���5��+���*�������
R%6�����S���	6���+ ��+'����	�����'�!���+���	��������
+ �������������������'�������������	��5� '������	�
+ ���'���	��5'�*�	��+ ��5'��	��������
��/���6%+���+��
$��'����	��+ �����'�!��	�����'�����������������$
�'��+	���+���	�����'
�
������8�'��%6�����
��/��+���+��
 �'�	�+�����'�'����������+�*���6%+���+������������
���'��%���6���+ �'������	�� �������+���	����*���
�	��� ���'�
� � ��� ��� �'�����+�*���	�� + ��!�	6��� �	�

Year
Construction

Activity Equipment
Human
Activity Facility Status Aircraft

1996 none none surveyors,
hydrologists,
biologists

none helicopter

1997 none none surveyors,
hydrologists,
biologists

none helicopter

1998 airstrip
improvement

3 pieces of
road
equipment

surveyors,
hydrologists,
biologists,
equipment
operators

airstrip and Pad 1 gravel in
place with one permanent
structure

helicopter

1999 facility in
place, drilling
on Pad 1,
construction,
airstrip
maintenance

vehicles,
various types
of road
equipment,
drill rig

surveyors,
hydrologists,
biologists,
equipment
operators,
construction
workers

airstrip, camp, and drilling
operational; Pad 1 and
airstrip under construction;
Pad 2 gravel and pipeline in
place; in-field road partially
complete

helicopter,
Twin Otter,
Caravan,
C-207,
DC-6

2000 facility in
place, drilling
on Pad 1,
construction,
pad and road
maintenance

vehicles,
various types
of road
equipment,
construction
equipment,
drill rig

surveyors,
hydrologists,
biologists,
equipment
operators,
construction
workers

airstrip, camp, and drilling
operational, production
equipment and buildings
being installed; additional
housing and modules in
place; in-field road and
bridges in place but
requiring surface
improvements; Pad 1
drilling; Pad 2 storage and
fuel depot for helicopters

helicopters,
2 Twin
Otters, C-
207, 3
DC-6s,
C-130
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Distance of Monitor from Airstrip (Dates Active)

35 m (20 June-29 June) 148 m (12 June-22 June) 330 m (12 June-19 June)

SEL Duration SEL Duration SEL DurationNorth of
Airstrip x Min Max x Max n x Min Max x Max n x Min Max x Max n

DC-6 115 115 115 12 12 1 - - - - - 0 113 113 113 32 32 1

C-207 - - - - - 0 115 112 118 15 24 10 - - - - - 0

Twin Otter - - - - - 0 - - - - - 0 - - - - - 0

Helicopter - - - - - 0 120 112 131 29 276 24 106 95 114 65 521 13

Large Truck - - - - - 0 118 113 127 25 174 22 - - - - - 0

Machinery - - - - - 0 117 111 129 21 113 43 - - - - - 0

Small Truck - - - - - 0 116 112 122 19 49 19 98 96 99 17 21 6

Unknown - - - - - 0 117 109 131 21 289 645 107 90 120 62 539 66

Distance of Monitor from Airstrip (Dates Active)

25 m (14 July-24 August) 85 m (13 July-23 August) 130 m (13 July-24 August)

SEL Duration SEL Duration SEL DurationSouth of
Airstrip x Min Max x Max n x Min Max x Max n x Min Max x Max n

DC-6 131 87 148 39 580 116 109 103 114 11 14 7 104 104 104 11 11 1

C-207 120 103 124 28 40 4 - - - - - 0 - - - - - 0

Twin Otter 137 83 155 23 109 55 128 98 132 18 22 5 - - - - - 0

Helicopter - - - - - nd - - - - - nd - - - - - nd

Large Truck - - - - - nd - - - - - nd - - - - - nd

Machinery - - - - - nd - - - - - nd - - - - - nd

Small Truck - - - - - nd - - - - - nd - - - - - nd

Unknown 132 80 158 32 580 2,316 126 66 137 29 375 299 125 78 129 13 14 17
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Common Ground-search Area (10.6 km2)

Standardized Number of Nests Standardized Density (nests/km2)

Species 1996 1997 1998 1999 1996 1997 1998 1999

Red-throated Loon 1 4.0 0.7 0.0 0.1 0.4 0.1 0.0
Pacific Loon 2 3.2 0.7 2.5 0.2 0.3 0.1 0.2
Yellow-billed Loon 1 0.8 0.0 0.0 0.1 0.1 0.0 0.0
Red-necked Grebe 0 2.4 1.5 1.0 0.0 0.2 0.1 0.1
Greater White-fronted Goose 25.. 28.10 22.50 26.9  2.4 2.7 2.1 2.5
Canada Goose 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Brant 0 3.2 0.7 1.0a 0.0 0.3 0.1 0.1a

Tundra Swan 3 3.2 3.6 2.0 0.3 0.3 0.3 0.2
Northern Shoveler 0 0.0 3.6b 0.0 0.0 0.0 0.3b 0.0
Northern Pintail 2 3.2 5.1b 4.1b 0.2 0.3 0.5b 0.4b

Green-winged Teal 1 0.0 0.7 1.0b 0.1 0.0 0.1 0.1b

Greater Scaup 0 0.8 0.7 0.0 0.0 0.1 0.1 0.0
Lesser Scaup 0 0.0 0.7 0.0 0.0 0.0 0.1 0.0
Unidentified scaup 0 0.0 0.0 0.5b 0.0 0.0 0.0 <0.1b

Spectacled Eider 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
King Eider 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oldsquaw 6 7.2 3.6b 2.0b 0.6 0.7 0.3b 0.2b

Unidentified duck 0 0.0 1.5 1.0 0.0 0.0 0.1 0.1
Willow Ptarmigan 1 8.8 nd 8.1 0.1 0.8 nd 0.8
Unidentified ptarmigan 0 0.0 nd 1.5 0.0 0.0 nd 0.1
Sandhill Crane 0 0.0 0.0 0.5 0.0 0.0 0.0 0.0
Bar-tailed Godwit 0 0.0 1.5 1.0 0.0 0.0 0.1 0.1
Common Snipe 0 0.8 0.0 0.0 0.0 0.1 0.0 0.0
Parasitic Jaeger 1 0.8 1.5 1.0 0.1 0.1 0.1 0.1
Long-tailed Jaeger 1 0.0 0.7 0.5 0.1 0.0 0.1 0.0
Glaucous Gull 0 0.8 0.0 0.0 0.0 0.1 0.0 0.0
Sabine's Gull 1 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Arctic Tern 0 4.00 2.2 2.5 0.0 0.4 0.2 0.2
Short-eared Owl 0 0..0 0.0 0.0 0.0 0.0 0.0 0.0

Search hours 218.0 271.0 3000 429.0
Adjusting ratioc 1.00 0.800 0.70 0.5 1.0 0.8 0.7 0.5
Standardized totalde 44. 62.7 51.5 47.8 4.2 5.9 4.9 4.5
Total number of speciese 11. 13.0 16 14.0

a Includes nest identified from down and nest characteristics.
b Includes nests identified from feather and down samples.
c Ratioyear = search hours1996/ search hoursyear
d Standardized totalyear = adjusting ratioyear • total nestsyear.
e Does not include Willow or unidentified ptarmigan.
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Density (nests/km2) by Distance Buffer Distance (m) from Airstrip

Species 0−500 m
500−

1,000 m
1,000−
1,500 m

1,500−
2,000 m

Total
Nests x Range

Red-throated Loon 0 0 0 0 0

Pacific Loon 0 0.3 0.4 0.3 2 1,289.0 988–1,564

Yellow-billed Loon 0 0 0 0 0

Red-necked Grebe 0 0.3 0.2 0 2 963.2 913–1,014

Greater White-fronted Goose 3.6 2.2 6.8 5.1 68 1,203.9 28–1,995

Canada Goose 0 0 0 0.3 1 1,550.9

Branta 0 0.3 0.2 0.3 3 1,515.8 790–1,484

Tundra Swan 0.4 0 0.6 0.6 6 1,210.8 449–1,548

Northern Pintailb 1.2 0.8 0.4 0 8 628.0 32–1,301

Green-winged Tealc 0 0.3 0.2 0.6 4 1,481.0 981–1,899

Greater Scaup 0 0 0 0.9 3 1,635 1,522–1,736

Unidentified scaup 0 0 0 0.3 1 1,914.8

Spectacled Eider 0 0 0 0.3 1 1,663.0

Oldsquawd 0.4 0 0.4 0.3 4 1,368.7 409–1,568

Unidentified duck 0 0.3 0.2 0 2 1,069.3 815–1,324

Willow Ptarmigan 1.2 1.1 1.6 0.9 18 1,057.5 75–1,755

Unidentified ptarmigan 0.8 0 0.2 0 3 687.2 323–1,371

Sandhill Crane 0.4 0 0 0 1 262.1

Bar-tailed Godwit 0.4 0.3 0 0 2 707.4 425–989

Parasitic Jaeger 0 0.3 0.2 0 2 1,065.3 1,000–1,131

Long-tailed Jaeger 0.4 0 0 0 1 382.3

Arctic Tern 0 0.3 0.8 2.1 12 1,482.1 764–1,964

Area (km2) searched 2.5 3.6 5.0 3.4 14.3

Total density 8.8 6.4 12.1 11.9 10.2

Total nests 22 23 61 40 146 1,167.5 28–1,995

a Includes a probable Brant nest determined from down and nest characteristics.
b Includes probable Northern Pintails nests (3) determined from feather and down samples.
c Includes a probable Green-winged Teal nest determined from feather and down samples.
d Includes a probable Oldsquaw nest determined from feather and down samples.
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Distance (m)

Year x SE n Test F P-value

All Species
1996 1,134 338.6 44
1997 1,147 68.2 89
1998 1,029 64.0 72
1999 1,051 46.6 113

All Years 1,112 55.0 318 ANOVA 1.112 0.34

Greater White-fronted Goose
1996 1,040 113.6 25
1997 1,172 101.6 35
1998 1,085 102.8 31
1999 1,094 69.8 53

All Years 1,102 46.0 144 ANOVA 0.305 0.82
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Habitat
Area
(km2)

No. of
Nests

Use
(%)

Availability
(%)

Monte
Carlo

Resultsa

Open Nearshore Water (marine) 0 0 0 0 -
Brackish Water 0 0 0 0 -
Tapped Lake w/Low-water Connection 0.28 0 0 2.7 ns
Tapped Lake w/High-water Connection 0.79 0 0 7.4 avoid
Salt Marsh 0.60 1 1.9 5.7 ns
Tidal Flat 0 0 0 0 -
Salt-killed Tundra 0 0 0 0 -
Deep Open Water w/o Islands 0.93 0 0 8.7 avoid
Deep Open Water w/Islands or Polygonized Margins <01 0 0 <0.1 ns
Shallow Open Water w/o Islands 01 0 0 0.1 ns
Shallow Open Water w/Islands or Polygonized Margins 04 0 0 0.4 ns
River or Stream <01 0 0 <0.1 ns
Aquatic Sedge Marsh 0 0 0 0 -
Aquatic Sedge w/Deep Polygons 0.12 4 7.5 1.1 prefer
Aquatic Grass Marsh 0.10 0 0 0.9 ns
Young Basin Wetland Complex 0 0 0 0 -
Old Basin Wetland Complex 0 0 0 0 -
Nonpatterned Wet Meadow 1.01 3 5.7 9.5 ns
Wet Sedge–Willow Meadow 4.44 34 64.2 41.7 prefer
Moist Sedge–Shrub Meadow 1.29 9 17.0 12.1 ns
Moist Tussock Tundra 0 0 0 0 -
Riverine or Upland Shrub 0.49 2 3.8 4.6 ns
Barrens (riverine, eolian, lacustrine) 0.23 0 0 2.2 ns
Artificial (water, fill, peat road) 0.30 0 0 2.9 ns
Total 10.63 53 100 100

a Significance calculated from 1,000 simulations at α = 05; ns = not significant, prefer = significantly greater
use than availability, avoid = significantly less use than availability.
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Successful Failed
Day Before

Hatch % n
Day Before

Failure % n

24 98.6 1 26 97.9 1
23 98.8 2 25 99.7 2
22 99.3 4 24 97.6 2
21 99.1 8 23 99.4 3
20 99.4 9 22 99.4 4
19 99.0 9 21 99.1 4
18 99.5 9 20 99.1 5
17 98.9 9 19 99.1 5
16 99.2 9 18 99.2 5
15 99.4 10 17 98.7 3
14 99.5 12 16 99.5 4
13 99.1 12 15 99.5 6
12 99.2 12 14 98.1 7
11 99.0 12 13 98.9 6
10 99.2 12 12 98.9 8

9 99.0 11 11 97.7 9
8 99.0 11 10 98.1 10
7 99.4 10 9 98.1 11
6 97.7 11 8 98.8 11
5 98.1 11 7 97.1 12
4 99.3 11 6 97.7 14
3 99.3 11 5 97.8 15
2 98.2 11 4 98.0 15
1 99.7 11 3 97.5 15

Hatch 2 96.9 17
1 94.1 17

Failure
Overall Mean 99.0 228 Overall Mean 97.8 211

n = number of nests monitored each day
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Aircraft Type

Helicopterb

Date DC-6

Twin
Otter/

Caravan
Small

Planesa Takeoffsc Landingsc Total

June 11 4 4 2 nd nd 10
June 12 2 0 0 nd nd 2
June 13 0 0 2 5 4 11
June 14 0 4 0 4 5 13
June 15 0 0 4 7 7 18
June 16 0 6 0 9 9 24
June 17 0 0 0 8 8 16
June 18 0 8 0 12 12 32
June 19 4 0 4 12 11 31
June 20 0 0 2 10 11 23
June 21 0 4 0 12 12 28
June 22 0 4 0 10 10 24
June 23 0 6 0 4 4 14
June 24 0 4 0 4 3 11
June 25 0 8 0 7 8 23
June 26 4 0 2 10 10 26
June 27 2 0 0 11 11 24
June 28 0 6 0 12 12 30
June 29 0 4 2 13 13 32
June 30 2 6 0 10 10 28
July 1 0 4 0 4 3 11
July 2 0 4 0 4 5 13
July 3 0 0 0 3 3 6
July 4 0 0 2 6 6 14
July 5 2 4 0 6 6 18
July 6 0 6 2 6 5 19
July 7 2 6 0 nd nd 8
July 8 6 4 0 nd nd 10
July 9 0 6 0 nd nd 6
July 10 2 4 0 nd nd 6
July 11 6 0 0 nd nd 6
July 12 0 6 0 nd nd 6

Total 36 108 22 189 188 543

a Includes C-207, C-185 (1 occurrence), PA-18 (1 occurrence) aircraft.
b Helicopter activity recorded by a video camera at a White-fronted Goose nest which was active only

to 8 July 1999.
c Takeoffs did not always equal landings because the helicopter periodically stayed overnight in the

Kuparuk Oilfield for maintenance.
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β SE t P df
Mean

Square F R2
Adj.
R2

Dependent Variable: Incubation Constancy (arcsine transformed)
Model 6 150.92 23,000.62 0.997 0.997
Fate = failed 1.515 0.02 62.96 0.000 2 15.01 2,287.83
Fate = hatched 1.476 0.02 62.79 0.000
Wind Speed 0.002 0.00 1.46 0.145 1 0.01 2.13
No. of Airplanes 0.000 0.00 -0.13 0.897 1 0.00 0.02
Failed * Mean Temp. -0.011 0.00 -6.84 0.000 2 0.15 23.45
Hatched * Mean Temp. 0.000 0.00 -0.02 0.985
Error 409 0.01
Total 415

Dependent Variable: Number of Incubation Breaks (logarithm transformed)
Corrected Model 3 0.19 9.75 0.083 0.074
Intercept 1.032 0.01 89.71 0.000 1 288.81 14,870.47
Tundra Pedestrian Time 0.000 0.00 1.70 0.091 1 0.06 2.88
Vehicle Noise Duration 0.000 0.00 3.32 0.001 1 0.21 11.02
Fate 0.054 0.02 3.48 0.001 1 0.24 12.11
Error 324 0.02
Total 328
Corrected Total 327
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Nest 301 Nest 008 Mann-Whitney U Test

x SD n x SD n U Z P

Incubation Constancy (%/d) 99.1 0.8 22 97.0 2.8 19 95.5 -2.97 0.003

Recess Frequency (no./d) 0.6 0.9 22 2.5 2.1 19 93.5 -3.15 0.002

Recess Length (min/recess) 10.4 7.1 14 14.7 20.3 47 307.0 -0.38 0.705

Time Off Nest (min/d) 12.1 11.0 22 43.0 39.8 19 95.5 -2.97 0.003

Break Frequency (no./d) 9.2 7.0 22 13.2 4.0 19 122.0 -2.28 0.023

Break Length (min/break) 14.7 12.3 22 15.4 5.3 19 160.0 -1.28 0.200

Exchange Frequency (no./d) 2.3 1.5 22 2.6 2.0 19 200.5 -0.23 0.820

Exchange Length
(min./exchange)

5.6 3.8 22 6.7 6.9 19 201.0 -0.21 0.833

Defense Frequency (no./d) 0.1 0.4 22 0.1 0.3 19 202.5 -0.30 0.764

Time Disturbeda (min/d) 28.9 55.7 22 31.1 49.1 19 104.0 -2.83 0.005

a Disturbance time is the number of minutes people were on the tundra near the nest (as determined from video cameras and
field notes) plus 30 minutes before and after to account for their approach to and departure from nest.
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Clutch size

Species x SE n

Red-throated Loon 1.5 0.50 2
Pacific Loon 1.9 0.11 9
Yellow-billed Loon 2.0 - 1
Red-necked Grebe 4.0 - 1
Greater White-fronted Goose 3.7 0.19 65
Canada Goose 4.0 - 1
Brant 2.0 0 2
Tundra Swan 2.5 0.29 4
Northern Pintail 5.2 0.20 5
Green-winged Teala 4.8 0.86 4
Greater Scaup 6.8 0.60 6
Unidentified scaup 4.5 0.50 2
Spectacled Eider 5.0 - 1
Oldsquaw 5.3 1.11 4
Unidentified duck 2.0 - 1
Willow Ptarmigan 8.0 0.64 18
Sandhill Crane 2.0 - 1
Bar-tailed Godwit 1.5 0.50 2
Parasitic Jaeger 2.0 0 2
Arctic Tern 2.3 0.11 12

a Includes probable Green-Winged Teal nest determined from feather
and down samples.
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Successful Nests Failed Nests
Distance (m) Distance (m)

Species No. % x SE No. % x SE

Red-throated Loon
2 100.0 1,996 801 – – – –

Pacific Loon
3 100.0 1,385 328 – – – –

Yellow-billed Loon
1 100.0 2,285 – – – – –

Greater White-fronted Goose
29 43.3 1,359 124 38 56.7 1,330 85

Canada Goose
1 100.0 1,551 – – – – –

Brant
2 66.7 1,922 438 1 33.3 790 –

Tundra Swan
6 85.7 1,223 162 1 14.3 2,417 –

Northern Pintail
1 25.0 1,301 – 3 75.0 885 612

Green-winged Teala 1 33.3 1,564 – 2 66.7 1,690 209

Greater Scaup
2 40.0 1,692 44 3 60.0 2,029 254

Unidentified Scaup
1 50.0 2,336 – 1 50.0 1,915 –

Spectacled Eider
1 100.0 1,663 – – – – –

Oldsquaw
1 25.0 1,353 – 3 75.0 1,895 475

Unidentified duck
1 33.3 1,758 0 – – – –

All ducks
8 27.6 1,670 112 12 60.0 1,643 222

Sandhill Crane
1 100.0 262 – – – – –

Bar-tailed Godwit
– – – – 2 100.0 1,392 966

Parasitic Jaeger
2 100.0 1,065 66 – – – –

Glaucous Gull
1 100.0 1,926 – – – – –

Arctic Tern
3 100.0 2,101 301 – – – –

Total nests
59 52.2 1,466 81 54 48.2 1,412 86

a Includes a probable Green-winged Teal nest determined from feather and down samples.
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Distance (m)

Nest Fate x SE n Test
Statistic
(Z or t) P-value

All Ducks
Successful 1,670 152 8
Failed 1,336 112 25 Mann-Whitney -1.26 0.22

Greater White-fronted Goose
Successful 1,359 124 29
Failed 1,339 70 53 two sample t test 1.41 0.89

4�%���$
 .�����'�+������	�����+��	���6��������C���+���/ '+�8��	�+���C�������	��+ ���'��+�'������+ �'�
��+��'��+ ����'�����	:��+��������	5'���'5������������###
��<��+��*�����	6����6�'�!���=99
����9$=9��&6�������'��6�������+���	6����6�'�!���+'5'+'���	+ ���+ ���+ �����+������ 
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�	�� '! 8���+����	�!	���*����6��+	�+ ��	��6������
	��	���<	�+ ����, 	5�������+�'���'�:6��+��	�!	��

4 ���'���������%�+*���� + �� +*	������P�*�+���	*
�	���� '�� + �� �	�+�'%6+'	�� 	�� �	�!	�� ���+���
'6�+��+���+ ������'+'5'+��	��+ �����	����+	������
�'@�D�*�+���	*����+��*���������6���	6��+ ���+ �
�6�%���	��'���������+�5��'�%�������*'��	+���	�6��
��'�%���	���� 6�+'� ������ �'@��� '�������� +	
����	�'��+�����≥���
��4 '��'�'+�+'	���6!!��+���		'�!
������+	!�+ ���*	6��%������	��'�+�������*������+	
�		� + ����������	����+����+��� + ��9���� �'�������

<	��+ ������ + �� *�'! +� 	�� �5'������ ��	�� + �
*�+���	*�����/ '+�8��	�+���C		����	����'��+ �+
 '! � ���� 	*� �	�!	�� ���+���� ���� '��	�+��+� +	
*�+���	*����+��'+������+'	�


.	�����	��� 	��%'������+�� '���###������##0�
���+	���,����'�������+��'���###������,��'����+��
,����'�������+��'���##0��� ����'�+�����+	��'��+�'����
���'!�'�'���+�5��'�%���������'��I�
������'��6����

�%	5�����+ �����'�+�������+�!	�'�����	���=9�1�9��
 ��� '! ��� 	����	��  �5'�!����+�� + ��� + �� ���+ ��+
��+�!	����≥�9�1�9���������+ �����	����'�+�������+�!	��
�2��=��1������ ���+ �� '! ��+�	����	�� �5'�!����+��
�6!!��+'�!� + �+� ���+� ����'+��*��� �	+� '����� '�� '+�
���+'	�� '��+	�+ ����	�'�'+��	��+ ���'��+�'�
��7'�+����
+	�+ ���'��+�'��*����	+����'!�'�'���+�5��'�%��'��+ �
����'�'�!�� 	��%'����	���D�+ ����	����� 	��%'�����'�
�	+��������+	�%���+�	�!����+��������	�����+'�!�����
+ ���'��+�'����+����+��+�+ '�������	�������'�
��/��� �
'�5��+'!�+��	+ ����'�+������������	�������'����+���+ �
+ '�������P���'�����+�� �5��%�����	��+��
�����+	��
,����'���� ���+�� ���� � 	��%'��� ���+�� '�� �###� ��
'������'�!�	����	��	��6��'�!�*'+ � '! ����	5���!��
	���	'�+����!�=� �6%
������##0�����+	���,����'���
���+�� ���� � 	��%'��� ���+��  ��� '��������� 	���� 	�
	��6�������'��������*'+ � '! ����	5���!��	��	�
��
+6���������	�� '! �����	*�����'+���	�!	����	������
+	�������*'+ 	6+��	�!	��
��,��'����+���,����'����
'��%	+ ��###������##0� ���'���������	����	�����+'�!

Treatment Reference
Species/Year x SD x SD t P-value

Greater White-fronted Goose
1998 1.0 1.10 1.7 1.51 -0.88 0.40
1999 1.0 1.67 0.5 0.84 0.66 0.53

Pectoral Sandpiper
1998 5.7 2.42 4.5 2.51 0.82 0.43
1999 2.5 2.35 1.5 1.76 0.84 0.42

Semipalmated Sandpiper
1998 2.3 1.37 1.2 1.94 1.20 0.26
1999 4.0 1.67 2.2 0.98 2.31 0.04

Lapland Longspur
1998 4.3 1.37 3.8 1.72 0.56 0.59
1999 5.5 1.64 4.8 0.98 0.85 0.41

Total Nests
1998 17.7 2.80 15.0 6.51 0.92 0.38
1999 17.0 6.45 11.2 1.17 2.18 0.05

4�%���2
 4*	8��������+��+��	��������6�%����	�����+��	��+ ���	�+����5���+�����'���	�
+���+���+����E���������������������E����%����'�!�%'����	+�����'�����	:��+������
�	5'���'5���7�+��������
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!
�
�'�+�����+	�'��'5'�6��;6�����+�����+���+ ��9������+�
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��4 ����	����+ ����	�'�'+��	���	+��+	
+ ����'����'��+�'���%	+ ��'�+�����	���	+������	��+'	�
>+���+���+��	+��5���6�������������	+�?����'���	+����6+
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Treatment
Quadrants
(n = 240)

Reference Quadrants
(n = 240)

Habitat Variable x SD x SD t P

Surface relief (cm) 45.8 17.3 44.6 20.1 0.73 0.47

Water depth (cm) 24.6 22.0 25.8 22.4 -0.60 0.55

Water cover (%) 13.0 13.4 12.9 12.3 0.07 0.95

Wet sedge meadow (%) 38.3 19.5 34.7 18.8 2.03 0.04

Wet sedge–willow (%) 17.6 14.2 21.9 14.4 -3.32 0.001

Moist sedge–shrub (%) 31.1 17.6 28.1 15.2 2.03 0.04

Sedge marsh (%) <0.1 0.4 <0.1 0.5 -0.27 0.79

Grass marsh (%) <0.1 <0.1 0.2 1.8 -1.78 0.08

Partially vegetated mud (%) <0.1 <0.1 0.1 1.0 -1.79 0.07

Open low willow (%) <0.1 0.3 1.7 7.5 -3.38 0.001

Dryas tundra (%) <0.1 0.6 0.4 2.6 -2.02 0.04

4�%��9�
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Survey Date

June July August

Species 10 16 22a 6 15 26 5 17 26 Total

Pacific Loon 45 59 24 38 48 29 52 58 53 406
Red-throated Loon 4 2 3 3 0 4 2 1 0 19
Yellow-billed Loon 5 6 9 9 13 7 8 13 5 75
Unidentified loon 0 0 0 0 0 0 0 0 4 4
Red-necked Grebe 2 0 0 2 3 1 2 7 1 18
Unidentified grebe 0 0 0 1 0 0 0 0 0 1
Greater White-fronted Goose 193 65 39 33 46 39 622 153 183 1,373
Brant 154 7 5 6 0 0 76 33 26 307
Canada Goose 0 11 55 8 5 6 42 96 78 301
Tundra Swan 18 25 14 39 58 54 67 71 122 468
American Wigeon 58 13 42 22 0 0 0 38 60 233
Mallard 5 0 2 0 0 0 0 0 0 7
Northern Shoveler 20 8 10 0 0 0 0 0 0 38
Northern Pintail 92 106 235 127 111 38 286 518 264 1,777
Green-winged Teal 2 0 0 0 0 0 2 6 1 11
Unidentified scaup 112 30 20 124 5 0 13 18 292 614
Spectacled Eider 2 0 0 0 0 0 0 0 0 2
King Eider 2 0 0 0 0 0 0 0 0 2
Oldsquaw 72 46 15 1 12 0 0 0 0 146
Red-breasted Merganser 0 0 4 0 0 0 0 0 0 4
Unidentified duck 0 0 0 4 4 2 19 72 12 113
Sandhill Crane 0 1 0 0 0 0 2 0 3 6
Long-tailed Jaeger 0 0 0 0 1 0 0 0 0 1
Glaucous Gull 7 17 7 18 9 13 9 8 10 98
Sabine's Gull 3 1 1 15 0 0 0 0 0 20
Arctic Tern 11 43 21 91 98 25 21 0 0 310

Total birds 807 440 506 541 413 218 1,223 1,092 1,114 6,354
Total species 19 16 17 15 12 10 14 13 13 23

a Incomplete coverage.
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June surveys
(n = 3)

July surveys
(n = 3)

August surveys
(n = 3)

Species basina other basin other basin other
Pacific Loon 13.0 29.0 5.7 32.7 12.7 41.7
Red-throated Loon 2.7 0.3 1.7 0.7 1.0 0.0
Yellow-billed Loon 1.3 5.3 2.0 7.7 2.7 6.0
Unidentified loon 0.0 0.0 0.0 0.0 0.0 1.3
Red-necked Grebe 0.0 0.7 0.0 2.0 0.0 3.3
Unidentified grebe 0.0 0.0 0.0 0.3 0.0 0.0
Greater White-fronted Goose 88.7 10.3 36.7 2.7 253.3 66.0
Brant 52.3 3.0 1.3 0.7 45.0 0.0
Canada Goose 21.0 1.0 6.0 0.3 66.0 6.0
Tundra Swan 12.0 7.0 22.7 27.7 39.7 47.0
American Wigeon 35.7 2.0 7.3 0.0 23.0 9.7
Mallard 2.3 0.0 0.0 0.0 0.0 0.0
Northern Shoveler 11.3 1.3 0.0 0.0 0.0 0.0
Northern Pintail 123.3 21.0 67.3 24.7 338.3 17.7
Green-winged Teal 0.7 0.0 0.0 0.0 3.0 0.0
Unidentified scaup 41.3 12.7 42.0 1.0 88.3 19.3
Spectacled Eider 0.0 0.7 0.0 0.0 0.0 0.0
King Eider 0.0 0.7 0.0 0.0 0.0 0.0
Oldsquaw 32.7 11.7 2.7 1.7 0.0 0.0
Red-breasted Merganser 1.3 0.0 0.0 0.0 0.0 0.0
Unidentified duck 0.0 0.0 1.3 2.0 34.3 0.0
Sandhill Crane 0.0 0.3 0.0 0.0 0.0 1.7
Long-tailed Jaeger 0.0 0.0 0.3 0.0 0.0 0.0
Glaucous Gull 6.3 4.0 8.7 4.7 8.0 1.0
Sabine's Gull 1.3 0.3 0.0 5.0 0.0 0.0
Arctic Tern 8.7 16.3 39.7 31.7 5.3 1.7
Total birds 456.7 127.7 245.3 145.3 920.7 222.3
Species total 18 19 14 15 13 13

a Tapped basin or Tapped Lake with Low-water Connection.
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Location/Species/Landform 1999 Status a
No. of Pups b

(1999) 1998 Status c 1997 Status c 1996 Status c

DELTA
Arctic Fox

old dune natal 8 natal inactive natal
old dune inactive? – inactive inactive? inactive
dune/lake bank inactive – inactive inactive? natal
lake bank inactive – natal? natal? natal
dune/lake bank inactive – inactive inactive natal
dune/lake bank active 0? active natal natal
dune ridge natal (0) natal inactive? natal
dune mound inactive – inactive inactive? inactive
dune/riverbank inactive – natal natal natal
dune/lake bank inactive – not checked not checked inactive
low ridge secondary (4) natal active secondary?
low dune ridge natal 2 inactive natal secondary
low mound inactive – natal? inactive –
sand dune inactive – inactive – –

Red Fox
dune/lake bank inactive? 0 active inactive? inactive
sand dune inactive? 0 active inactive inactive
sand dune natal 2 natal active natal
dune/riverbank natal? 0? natal? inactive natal
sand dune natal 2 natal active? natal
sand dune inactive? 0 inactive inactive not checked

ALPINE TRANSPORTATION CORRIDOR
Arctic Fox

pingo natal 8 inactive inactive natal
stream bank natal 4 inactive? inactive? natal
drained-lake bank inactive – inactive inactive inactive
pingo inactive – inactive inactive inactive
lake bank inactive – inactive inactive? natal
lake bank inactive – inactive inactive natal
drained-lake bank inactive – inactive active inactive
lake bank secondary? 0? inactive inactive? natal
terrace bank inactive – inactive active secondary
low mound active 0? inactive active natal
terrace bank inactive – inactive inactive natal
lake bank inactive – inactive inactive natal
drained-lake bank inactive – inactive inactive? active
low mound inactive – inactive active –
drained-lake island inactive – inactive inactive –
pingo ridge natal 5 inactive – –
drained-lake bank natal 5 inactive – –
creek bank natal 7 – – –

Red Fox
pingo natal 5 inactive inactive natal (arctic fox)

NORTH OR SOUTH OF ALPINE TRANSPORTATION CORRIDOR
Arctic Fox

pingo inactive – inactive natal inactive
pingo inactive? 0 natal inactive natal
pingo inactive? 0 inactive natal inactive
stream bank inactive – inactive natal inactive
drained-lake bank inactive – inactive inactive inactive
drained-lake bank natal 7 natal natal inactive?
lake bank natal (1) natal natal? inactive?
stream bank inactive? 0 inactive inactive natal
stream bank inactive? – active natal inactive
drained-lake bank natal 1 inactive natal natal
drained-lake bank natal 6 inactive natal? –
drained-lake bank inactive – inactive secondary –
terrace bank natal 7 – – –
old lake shore natal 3 – – –
peat road secondary (3) – – –

a Based on observations between 28 June and 15 July (29 June–2 July and 12–15 July for most dens); question mark indicates uncertainty regarding
status (“active” means natal vs. secondary status could not be determined).

b Number of different pups counted; question mark indicates count suspected to be incomplete; parentheses indicate litters moved or split between
natal and secondary dens.

c Sources: 1998—Johnson et al. (1999); 1997—Johnson et al. (1998); 1996—Johnson et al. (1997).
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1999 1998 1997 1996 1995 1993

Den Status No. % No. % No. % No. % No. % No. %

Natal 14 28 7 15 4 9 22 51 9 26 5 22

Secondary 3 6 – – – – 3 7 2 6 7 30

Active a 2 4 4 8 7 17 4 9 2 6 – –

Inactive b 31 62 35 76 33 74 14 33 21 62 11 48

Total 50 46 44 43 34 23

a Dens showing heavy use, but for which natal vs. secondary status, or presence of pups, could not be confirmed.
b Dens showing either no signs of activity or limited use by adults, but not pups.
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BIRDS
COMMON NAME SCIENTIFIC NAME COMMON NAME SCIENTIFIC NAME
Red-throated Loon Gavia stellata
Pacific Loon Gavia pacifica
Yellow-billed Loon Gavia adamsii
Horned Grebe Podiceps auritus
Red-necked Grebe Podiceps grisegena
Greater White-fronted Goose Anser albifrons
Snow Goose Chen caerulescens
Canada Goose Branta canadensis
Brant Branta bernicla
Tundra Swan Cygnus columbianus
American Wigeon Anas americana
Mallard Anas platyrhynchos
Northern Shoveler Anas clypeata
Northern Pintail Anas acuta
Green-winged Teal Anas crecca
Greater Scaup Aythya marila
Lesser Scaup Aythya affinis
Steller's Eider Polysticta stelleri
Spectacled Eider Somateria fischeri
King Eider Somateria spectabilis
Common Eider Somateria mollissima
Surf Scoter Melanitta perspicillata
White-winged Scoter Melanitta fusca
Black Scoter Melanitta nigra
Oldsquaw Clangula hyemalis
Red-breasted Merganser Mergus serrator
Bald Eagle Haliaeetus leucocephalus
Northern Harrier Circus cyaneus
Rough-legged Hawk Buteo lagopus
Golden Eagle Aquila chrysaetos
Merlin Falco columbarius
Peregrine Falcon Falco peregrinus
Willow Ptarmigan Lagopus lagopus
Rock Ptarmigan Lagopus mutus
Sandhill Crane Grus canadensis
Black-bellied Plover Pluvialis squatarola

American Golden-Plover Pluvialis dominica
Upland Sandpiper Bartramia longicauda
Whimbrel Numenius phaeopus
Bar-tailed Godwit Limosa lapponica
Ruddy Turnstone Arenaria interpres
Semipalmated Sandpiper Calidris pusilla
Least Sandpiper Calidris minutilla
White-rumped Sandpiper Calidris fuscicollis
Baird's Sandpiper Calidris bairdii
Pectoral Sandpiper Calidris melanotos
Dunlin Calidris alpina
Stilt Sandpiper Calidris himantopus
Long-billed Dowitcher Limnodromus scolopaceus
Common Snipe Gallinago gallinago
Red-necked Phalarope Phalaropus lobatus
Red Phalarope Phalaropus fulicaria
Pomarine Jaeger Stercorarius pomarinus
Parasitic Jaeger Stercorarius parasiticus
Long-tailed Jaeger Stercorarius longicaudus
Ring-billed Gull Larus delawarensis
Glaucous Gull Larus hyperboreus
Sabine's Gull Xema sabini
Arctic Tern Sterna paradisaea
Snowy Owl Nyctea scandiaca
Short-eared Owl Asio flammeus
Common Raven Corvus corax
Horned Lark Eremophila alpestris
American Robin Turdus migratorius
Bluethroat Luscinia svecica
Yellow Wagtail Motacilla flava
Wilson's Warbler Wilsonia pusilla
American Tree Sparrow Spizella arborea
Savannah Sparrow Passerculus sandwichensis
Lapland Longspur Calcarius lapponicus
Snow Bunting Plectrophenax nivalis
Common Redpoll Carduelis flammea

Semipalmated Plover Charadrius semipalmatus

MAMMALS
COMMON NAME SCIENTIFIC NAME COMMON NAME SCIENTIFIC NAME
Snowshoe Hare Lepus americanus
Arctic Ground Squirrel Spermophilus parryii
Brown Lemming Lemmus sibiricus
Collared Lemming Dicrostonyx rubricatus
Gray Wolf Canis lupus
Arctic Fox Alopex lagopus
Red Fox Vulpes vulpes
Grizzly Bear Ursus arctos
Ermine Mustela erminea

Wolverine Gulo gulo
Spotted Seal Phoca largha
Moose Alces alces
Caribou Rangifer tarandus
Muskox Ovibos moschatus
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In 1999, we used the same decision rules that we developed in 1998 for interpretation of the egg
thermistor data. In 1998, we simultaneously monitored two White-fronted Goose nests with both an egg
thermistor and a time-lapse camera. We collected 867 temperature records (recorded at 5-min intervals)
and 4,335 video pictures (1-sec recordings at 1-min intervals) from the two nests combined. (Camera
malfunctions interrupted video recording while nests were monitored with the egg thermistors, so that
video coverage was incomplete.) We identified the occurrence of incubation, breaks, and recesses on the
video recordings and compared those behaviors to temperature changes in thermistors recorded during the
same time period. From the video recording, we determined that breaks, when the female turned the eggs
or repositioned herself on the nest, occurred in ≤3 consecutive recordings (hereafter, we represent 1 video
recording as 1 min, recognizing that the behavior recorded could last from >0 min to <2 min) and that
recesses, when the female was off the nest, either standing beside it or out of the video picture, occurred
in ≥4 consecutive recordings (4 min). We observed the female, at times, repositioning herself on the nest
before and/or after a recess, and therefore, a break could precede or follow a recess. The female was
considered incubating during a video recording when she was sitting on the nest and her body position
had not changed relative to her position in the previous recording.

After matching the video-recorded behaviors with concurrent temperature records, we observed
that incubation could be distinguished from breaks or recesses by the magnitude of change in temperature
during a 5-min recording interval. (Mean temperature difference between consecutive records was
+0.3° C for incubation [n = 804], −1.9° C for breaks [n = 65], and −4.4° C for recesses [n = 13].) Because
the temperature of nests was lower during recesses ( x = 24.3° C, n = 13) than during breaks
( x = 32.2° C, n = 13), we used nest temperature to distinguish a break from a recess. To establish
numeric cutpoints for classifying each behavior type, we calculated the 5th and 95th percentiles of the
observed frequency distribution of temperature difference and nest temperature. The 5th and 95th

percentiles for temperature difference were −0.4 and +1.6° C for incubation (n = 804), −5.08 and +0.4° C
for breaks (n = 65), and −7.4 and −1.1° C for recesses (n = 13). The 5th and 95th percentiles for nest
temperature were 30.3 and 37° C for incubation, 28.3 and 35.7° C for breaks, and 18.9 and 30.3° C for
recesses.

In the thermistor data, we distinguished the occurrence of a break or recess from incubation by a
temperature difference of ≥1° C during a 5-min recording interval. A record was classified as a break if
the temperature decreased by ≥1° C and the nest temperature of that record was ≥28.3° C, the
5th percentile value of breaks. Breaks occurred in consecutive temperature records, but we considered
them separate discontinuous events, because video records of breaks were ≤3 min. Each break was
counted as lasting 5 min (hereafter, we represent each temperature record as 5 min). A record was
classified as a recess if the temperature decreased by ≥1° C and the nest temperature of that record was
<28.3° C. A recess was considered to continue into succeeding intervals, regardless of the temperature
difference, as long as the nest temperature remained <28.3° C. When a temperature record classified as a
recess was preceded by a record classified as a break, the break was reassigned and included as part of the
recess. A recess was defined to be over when a rise of ≥1° C indicated the female’s return to the nest.
Recesses often were events continuous across multiple temperature records, and recess length was
calculated as the number of consecutive temperature records that the bird was absent multiplied by 5 min.

The onset of hatch was evident in the temperature data as the end of long periods of incubation
and an increase in the frequency of breaks 24–36 h before the female and brood left the nest. After brood
departure the temperature values from the thermistor were similar to ambient temperature.

������'���
 ����'�'��+'	��	��'��6%�+'	��%� �5'	��	��C���+���/ '+�8��	�+���C������	�'+	����*'+ 
+'��8������������������!!�+ ���'�+	���'��+ ����'�����	:��+��������###




����������	��
������������	������� ���1

����������

������'���
 .�����	!��'+ �'����	6������	�6����5����,()��'���8*�'! +������'%�������������+ �
�6��+'	��������	���	'����5��+��������'�!�0$������	� ≥�����������	�������	���'�8&6�
+	��+���6!6�+��+��	'����	�'+	�����	��+ ����	��+'	�����	6���+ ����'�����	:��+������
�	5'���'5���7�+�����������###
��(5��+��*�����5���!���������+����+���� ��	�'+	�
����+ �� '! ��+������'�����	�+��
��L� '�������� �'�	�+����*�����	+��	�'+	�����6�'�!
+ '�����'	���������	%�%�����	6�+��	�����	�+'	��	��+ ��6���	*���	6�����5��+�


Fixed-Wing Aircraft Unknown Sources
SEL Duration SEL Duration

Date x Max x Max Sum n x Max x Max Sum n
16 July 0 101 103 16 21 32 2
17 July 122 122 12 12 12 1 141 153 16 42 284 18
21 July 0 128 131 15 17 31 2
22 July 0 125 128 15 15 29 2
23 July 0 117 120 18 20 35 2
24 July 104 104 11 11 11 1 106 106 13 13 13 1
25 July 0 126 129 14 14 28 2
26 July 0 128 131 17 18 33 2
28 July 0 125 129 14 14 28 2
29 July 0 131 131 11 11 11 1
30 July 144 155 31 85 377 12 133 148 22 98 1,891 86
31 July 141 148 43 81 260 6 131 148 20 68 2,924 148
1 August 129 132 24 31 47 2 132 149 23 307 3,350 146
2 August 138 147 27 56 320 12 132 148 23 132 3,220 140
3 August 111 116 12 14 36 3 133 148 22 44 2,226 103
4 August 102 104 12 12 24 2 130 147 28 70 3,410 124
5 August 127 134 21 32 126 6 136 155 27 369 4,700 172
6 August 130 134 16 24 48 3 141 158 29 150 3,502 121
7 August 109 124 42 121 3,864 93 127 146 32 185 8,537 269
8 August 0 131 152 30 76 3,619 121
9 August 111 114 31 42 92 3 128 146 33 212 2,113 64
10 August 0 112 129 43 559 6,168 143
11 August 126 132 16 17 65 4 129 147 46 457 3,016 66
12 August 114 117 14 17 27 2 111 125 42 274 3,635 87
13 August 125 131 21 42 85 4 111 124 44 544 4,365 99
14 August 124 127 23 23 46 2 120 132 33 238 1,472 45
15 August 129 132 17 23 34 2 129 146 41 217 2,754 67
16 August 110 115 24 109 191 8 130 149 65 424 4,467 69
17 August 113 116 30 85 120 4 123 134 30 173 1,789 59
18 August 112 118 11 13 45 4 123 134 44 580 2,087 47
19 Augusta 0 122 132 51 126 1,130 22
20 Augusta 0 125 132 42 164 418 10
21 August 0 121 135 34 147 1,643 48
22 August 108 108 28 28 28 1 122 133 24 59 824 35
23 August 0 124 131 27 60 429 16
24 August 114 118 15 20 46 3 121 132 26 58 546 21

a Windspeed >20 mph.
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Common Ground-search Area (10.6 km2)

Number of Nests Density (nests/km2)

Species 1996 1997 1998 1999 1996 1997 1998 1999

Red-throated Loon 1 5 1 0 0.1 0.5 0.1 0
Pacific Loon 2 4 1 5 0.2 0.4 0.1 0.5
Yellow-billed Loon 1 1 0 0 0.1 0.1 0 0
Red-necked Grebe 0 3 2 2 0 0.3 0.2 0.2
Greater White-fronted Goose 25 35 31 53 2.4 3.3 2.9 5.0
Canada Goose 0 0 0 0 0 0 0 0
Brant 0 4 1 2a 0 0.4 0.1 0.2a

Tundra Swan 3 4 5 4 0.3 0.4 0.5 0.4
Northern Shoveler 0 0 5b 0 0 0 0.5b 0
Northern Pintail 2 4 7b 8b 0.2 0.4 0.7b 0.8b

Green-winged Teal 1 0 1 2b 0.1 0 0.1 0.2b

Greater Scaup 0 1 1 0 0 0.1 0.1 0
Lesser Scaup 0 0 1 0 0 0 0.1 0
Unidentified scaup 0 0 0 1b 0 0 0 0.1b

Spectacled Eider 0 0 0 0 0 0 0 0
King Eider 0 0 0 0 0 0 0 0
Oldsquaw 6 9 5b 4b 0.6 0.8 0.5b 0.4b

Unidentified duck 0 0 2 2 0 0 0.2 0.2
Willow Ptarmigan 1 11 nd 16 0.1 1.0 nd 1.5
Unidentified Ptarmigan 0 0 0 3 0 0 0 0.3
Sandhill Crane 0 0 0 1 0 0 0 0.1
Bar-tailed Godwit 0 0 2 2 0 0 0.2 0.2
Common Snipe 0 1 0 0 0 0.1 0 0
Parasitic Jaeger 1 1 2 2 0.1 0.1 0.2 0.2
Long-tailed Jaeger 1 0 1 1 0.1 0 0.1 0.1
Glaucous Gull 0 1 0 0 0 0.1 0 0
Sabine's Gull 1 0 0 0 0.1 0 0 0
Arctic Tern 0 5 3 5 0 0.5 0.3 0.5
Short-eared Owl 0 0 0 0 0 0 0 0

Total nests or densitiesc 44 78 71 94 4.2 7.4 6.8 8.9
Total speciesc

11 13 16 14

a Includes nest identified from down and nest characteristics.
b Includes nests identified from feather and down samples.
c Does not include Willow or unidentified ptarmigan.

������'��7�
 <6�%������������'+'����6���:6�+�����	������� ����	�+�	�����+��	������+�������'����	6��
�6�'�!�!�	6�������� ���*'+ '��+ ���	��	��!�	6��8����� ������'���##�=�###�'��+ �
��'�����	:��+��������	5'���'5���7�+��������
��4 ������� ������%	6������'�
�'�������'��-'!6��A$




����������	��
������������	������� ����

����������

������'��79
 <6�%������������'+'���	�����+��	������+�������'����	6����6�'�!�!�	6�������� ���'�
�##�=�###��'��+ ����'�����	:��+��������	5'���'5���7�+��������
��,���� �����
%	6����'��������'�������'��-'!6���$�����'��&	 ��	���+��
���###N�-'!6���$D��##0N
-'!6��A���
��-	���##0��	���+ �����6+��	��+ ���'��+����+������ �����������+��

Number of Nests Density (nests/km2)

Species 1996 1997 1998 1999 1996 1997 1998 1999

Red-throated Loon 2 7 1 0 0.1 0.5 0.1 0
Pacific Loon 3 8 1 8 0.2 0.6 0.1 0.5
Yellow-billed Loon 1 1 0 1 0.1 0.1 0 0.1
Red-necked Grebe 0 3 2 2 0 0.2 0.1 0.1
Greater White-fronted Goose 35 45 48 79 2.0 3.1 3.2 5.0
Canada Goose 0 0 2 1 0 0 0.1 0.1
Brant 2 7 1 4a 0.1 0.5 0.1 0.3a

Tundra Swan 3 6 5 7 0.2 0.4 0.3 0.4
Northern Shoveler 1 0 5b 0 0.1 0 0.3b 0
Northern Pintail 2b 5 9b 9b 0.1b 0.3 0.6b 0.6b

Green-winged Teal 1 0 1 4b 0.1 0 0.1 0.3b

Greater Scaup 0 2 1 6 0 0.1 0.1 0.4
Lesser Scaup 0 0 1 0 0 0 0.1 0
Unidentified scaup 0 0 2 2b 0 0 0.1 0.1b

Spectacled Eider 0 0 1 1 0 0 0.1 0.1
King Eider 1 0 0 0 0.1 0 0 0
Oldsquaw 7b 9 6b 5b 0.4b 0.6 0.4b 0.2b

Unidentified duck 0 0 4 2 0 0 0.3 0.1
Willow Ptarmigan 1 12 nd 21 0.1 0.8 nd 1.3
Rock Ptarmigan 0 1 0 0 0 0.1 0 0
Unidentified ptarmigan 0 0 nd 3 0 0 0 0.2
Sandhill Crane 0 0 0 1 0 0 0 0.1
Bar-tailed Godwit 1 0 2 3 0.1 0 0.1 0.2
Common Snipe 0 1 0 0 0 0.1 0 0
Parasitic Jaeger 1 1 2 2 0.1 0.1 0.1 0.1
Long-tailed Jaeger 1 0 1 1 0.1 0 0.1 0.1
Glaucous Gull 0 2 0 1 0 0.1 0 0.1
Sabine's Gull 1 0 0 0 0.1 0 0 0
Arctic Tern 0 5 4 15 0 0.3 0.3 1.0
Short-eared Owl 1 0 0 0 0.1 0 0 0

Area (km2) 17.2 14.3 14.8 15.7

Total nests or densitiesc 63 102 99 154 3.7 7.1 6.7 9.8
Total speciesc 16 14 18 18

a Includes one nest identified by down and nest site location.
b Includes nests identified from feather and down samples.
c Total does not include ptarmigan.
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Habitat
Area

(km2)
No. of
Groups

Use
(%)

Availability
(%)

Monte Carlo
Resultsa

1996
Open Nearshore Water (marine) 0 - - 0 -
Brackish Water 0 - - 0 -
Tapped Lake w/ Low-water Connection 0.28 0 0 2.7 ns
Tapped Lake w/ High-water Connection 0.79 0 0 7.4 ns
Salt Marsh 0.60 0 0 5.7 ns
Tidal Flat 0 - - 0 -
Salt-killed Tundra 0 - - 0 -
Deep Open Water w/o Islands 0.93 0 0 8.7 ns
Deep Open Water w/ Islands or Polygonized Margins <0.01 0 0 <0.1 ns
Shallow Open Water w/o Islands 0.01 0 0 0.1 ns
Shallow Open Water w/ Islands or Polygonized Margins 0.04 0 0 0.4 ns
River or Stream <0.01 0 0 <0.1 ns
Aquatic Sedge Marsh 0 - - 0 -
Aquatic Sedge w/ Deep Polygons 0.12 1 4.5 1.1 ns
Aquatic Grass Marsh 0.10 0 0 0.9 ns
Young Basin Wetland Complex 0 - - 0 -
Old Basin Wetland Complex 0 - - 0 -
Nonpatterned Wet Meadow 1.01 0 0 9.5 ns
Wet Sedge-Willow Meadow w/ Low-relief Polygons 4.61 16 72.7 43.4 prefer
Moist Sedge-Shrub Meadow 1.40 5 22.7 13.2 ns
Moist Tussock Tundra 0 - - 0 -
Riverine or Upland Shrub 0.50 0 0 4.7 ns
Barrens (riverine, eolian, lacustrine) 0.23 0 0 2.2 ns
Artificial (water, fill, peat road) 0 - - 0 -
Total 10.63 22 100 100

1997
Open Nearshore Water (marine) 0 - - 0 -
Brackish Water 0 - - 0 -
Tapped Lake w/ Low-water Connection 0.28 0 0 2.7 ns
Tapped Lake w/ High-water Connection 0.79 0 0 7.4 ns
Salt Marsh 0.60 0 0 5.7 ns
Tidal Flat 0 - - 0 -
Salt-killed Tundra 0 - - 0 -
Deep Open Water w/o Islands 0.93 0 0 8.7 ns
Deep Open Water w/ Islands or Polygonized Margins <0.01 0 0 <0.1 ns
Shallow Open Water w/o Islands 0.01 0 0 0.1 ns
Shallow Open Water w/ Islands or Polygonized Margins 0.04 0 0 0.4 ns
River or Stream <0.01 0 0 <0.1 ns
Aquatic Sedge Marsh 0 - - 0 -
Aquatic Sedge w/ Deep Polygons 0.12 1 4.3 1.1 ns
Aquatic Grass Marsh 0.10 0 0 0.9 ns
Young Basin Wetland Complex 0 - - 0 -
Old Basin Wetland Complex 0 - - 0 -
Nonpatterned Wet Meadow 1.01 0 0 9.5 ns
Wet Sedge-Willow Meadow w/ Low-relief Polygons 4.61 18 78.3 43.4 prefer
Moist Sedge-Shrub Meadow 1.40 3 13.0 13.2 ns
Moist Tussock Tundra 0 - - 0 -
Riverine or Upland Shrub 0.50 1 4.3 4.7 ns
Barrens (riverine, eolian, lacustrine) 0.23 0 0 2.2 ns
Artificial (water, fill, peat road) 0 - - 0 -
Total 10.63 23 100 100
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Habitat
Area

(km2)
No. of
Groups

Use
(%)

Availability
(%)

Monte Carlo
Resultsa

1998
Open Nearshore Water (marine) 0 - - 0.0 -
Brackish Water 0 - - 0.0 -
Tapped Lake w/ Low-water Connection 0.28 0 0.0 2.6 ns
Tapped Lake w/ High-water Connection 0.79 0 0.0 7.4 ns
Salt Marsh 0.60 0 0.0 5.6 ns
Tidal Flat 0 - - 0.0 -
Salt-killed Tundra 0 - - 0.0 -
Deep Open Water w/o Islands 0.93 0 0.0 8.7 ns
Deep Open Water w/ Islands or Polygonized Margins <0.01 0 0.0 <0.1 ns
Shallow Open Water w/o Islands 0.01 0 0.0 0.1 ns
Shallow Open Water w/ Islands or Polygonized Margins 0.04 0 0.0 0.4 ns
River or Stream <0.01 0 0.0 <0.1 ns
Aquatic Sedge Marsh 0 - - 0.0 -
Aquatic Sedge w/ Deep Polygons 0.12 2 6.5 1.1 ns
Aquatic Grass Marsh 0.10 0 0.0 0.9 na
Young Basin Wetland Complex 0 - - 0.0 -
Old Basin Wetland Complex 0 - - 0.0 -
Nonpatterned Wet Meadow 1.01 1 3.2 9.5 ns
Wet Sedge-Willow Meadow w/ Low-relief Polygons 4.51 24 77.4 42.4 prefer
Moist Sedge-Shrub Meadow 1.29 4 12.9 12.1 ns
Moist Tussock Tundra 0 - - 0.0 -
Riverine or Upland Shrub 0.49 0 0.0 4.6 ns
Barrens (riverine, eolian, lacustrine) 0.23 0 0.0 2.2 ns
Artificial (water, fill, peat road) 0.22 0 0.0 2.1 ns
Total 10.63 31 100 100

a Significance calculated from 1,000 simulations at α = 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.

������'��7���	�+




������������������������������	��
������������	��������#

����������

V
id

eo
C

am
er

a
T

he
rm

is
to

re
d

E
gg

O
n

N
es

ta
R

ec
es

se
s

O
n

N
es

ta
R

ec
es

se
s

B
re

ak
s

D
ef

en
se

D
at

e

D
ay

B
ef

or
e

H
at

ch
in

g

N
or

m
al

In
cu

ba
tio

n
M

in
.

N
o.

M
in

.
N

o.
M

in
.

T
ot

al
M

in
.O

n
N

es
t

In
cu

ba
tio

n
C

on
st

an
cy

(%
)

N
o.

T
ot

al
M

in
.o

ff
N

es
t

T
ot

al
M

in
.

M
on

ito
re

db

N
or

m
al

In
cu

ba
tio

n
M

in
.

N
o.

of
B

re
ak

s

T
ot

al
M

in
.

on
N

es
t

In
cu

ba
tio

n
C

on
st

an
cy

(%
)

N
o.

T
ot

al
M

in
.

of
f

N
es

t
T

ot
al

M
in

.
M

on
ito

re
db

10
Ju

ne
c

23
–

–
–

–
–

–
–

–
–

–
73

5
14

80
5

–
0

0
80

5
11

Ju
ne

d
22

68
1

13
19

1
7

70
7

–
2

13
72

0
1,

15
5

16
1,

23
5

98
.4

2
20

1,
25

5
12

Ju
ne

21
1,

41
3

14
18

0
0

1,
43

1
99

.4
1

9
1,

44
0

1,
37

0
12

1,
43

0
99

.3
1

10
1,

44
0

13
Ju

ne
20

1,
29

8
12

15
0

0
1,

31
3

98
.7

1
17

1,
33

0
1,

37
5

10
1,

42
5

99
.0

1
15

1,
44

0
14

Ju
ne

19
1,

40
0

8
9

0
0

1,
40

9
97

.8
1

31
1,

44
0

1,
39

0
4

1,
41

0
97

.9
1

30
1,

44
0

15
Ju

ne
18

1,
43

3
7

7
0

0
1,

44
0

10
0.

0
0

0
1,

44
0

1,
41

0
6

1,
44

0
10

0.
0

0
0

1,
44

0
16

Ju
ne

17
1,

33
7

9
11

0
0

1,
34

8
10

0.
0

0
0

1,
34

8
1,

33
0

10
1,

38
0

10
0.

0
0

0
1,

38
0

17
Ju

ne
16

1,
39

5
11

14
1

1
1,

41
0

97
.9

2
30

1,
44

0
1,

33
5

15
1,

41
0

97
.9

2
30

1,
44

0
18

Ju
ne

15
1,

42
7

11
13

0
0

1,
44

0
10

0.
0

0
0

1,
44

0
1,

38
5

11
1,

44
0

10
0.

0
0

0
1,

44
0

19
Ju

ne
14

1,
41

0
11

14
0

0
1,

42
4

98
.9

1
16

1,
44

0
1,

38
5

8
1,

42
5

99
.0

1
15

1,
44

0
20

Ju
ne

13
1,

40
3

12
19

0
0

1,
42

2
98

.8
1

18
1,

44
0

1,
37

5
10

1,
42

5
99

.0
1

15
1,

44
0

21
Ju

ne
12

1,
34

5
5

5
0

0
1,

35
0

10
0.

0
0

0
1,

35
0

1,
32

0
12

1,
38

0
10

0.
0

0
0

1,
38

0
22

Ju
ne

11
1,

26
4

6
6

0
0

1,
27

0
98

.8
1

16
1,

28
6

1,
36

0
12

1,
42

0
98

.6
1

20
1,

44
0

23
Ju

ne
10

1,
39

0
11

11
0

0
1,

40
1

97
.3

2
39

1,
44

0
1,

33
0

12
1,

39
0

96
.5

3
50

1,
44

0
24

Ju
ne

9
1,

39
9

7
7

0
0

1,
40

6
97

.6
2

34
1,

44
0

1,
36

5
8

1,
40

5
97

.6
2

35
1,

44
0

25
Ju

ne
8

1,
37

3
9

10
0

0
1,

38
3

96
.0

3
57

1,
44

0
1,

33
5

10
1,

38
5

96
.2

3
55

1,
44

0
26

Ju
ne

e
7

98
1

8
8

0
0

98
9

89
.9

3
11

1
1,

10
0

1,
24

0
9

1,
28

5
93

.1
3

95
1,

38
0

27
Ju

ne
e

6
–

–
–

–
–

–
–

–
–

–
1,

36
5

12
1,

42
5

99
.0

1
15

1,
44

0
28

Ju
ne

e
5

86
2

2
2

0
0

86
4

96
.0

2
36

90
0

1,
28

5
11

1,
34

0
97

.1
2

40
1,

38
0

29
Ju

ne
4

1,
39

2
6

7
0

0
1,

39
9

97
.2

2
41

1,
44

0
1,

36
5

8
1,

40
5

97
.6

2
35

1,
44

0
30

Ju
ne

3
1,

31
3

8
8

0
0

1,
32

1
97

.4
2

35
1,

35
6

1,
28

5
11

1,
34

0
97

.1
2

40
1,

38
0

01
Ju

ly
2

1,
29

9
9

9
0

0
1,

30
8

90
.8

6
13

2
1,

44
0

1,
28

0
10

1,
33

0
92

.4
5

11
0

1,
44

0
02

Ju
ly

1
1,

39
1

6
6

0
0

1,
39

7
97

.0
2

43
1,

44
0

1,
37

0
6

1,
40

0
97

.2
2

40
1,

44
0

03
Ju

ly
H

at
ch

in
g

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

T
ot

al
f

18
24

,6
82

16
2

18
9

1
1

24
,8

72
27

51
8

25
,3

90
24

,3
65

17
5

25
,2

40
27

50
0

25
,7

40
A

ve
ra

ge
f

1,
37

1
9

11
0

0
1,

38
2

98
.0

2
29

1,
41

0
1,

35
4

10
1,

40
2

98
.1

2
28

1,
43

0

a
O

n-
ne

st
ac

tiv
iti

es
in

cl
ud

e
no

rm
al

in
cu

ba
tio

n,
br

ea
ks

(n
es

tm
ai

nt
en

an
ce

ac
tiv

iti
es

)
an

d
de

fe
ns

e
bo

ut
s,

be
ca

us
e

ne
st

w
as

at
te

nd
ed

.
b
T

ot
al

m
in

.m
on

ito
re

d
ex

cl
ud

es
di

st
ur

ba
nc

e
m

in
..

c
D

ay
th

er
m

is
to

re
d

eg
g

w
as

de
pl

oy
ed

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
d

D
ay

ca
m

er
a

w
as

de
pl

oy
ed

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
e

Pa
rt

ia
lo

r
m

is
si

ng
vi

de
o

co
ve

ra
ge

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
f
In

cl
ud

es
da

ys
1–

4,
8–

21
be

fo
re

ha
tc

hi
ng

.

�
��
��
�'
��
(
�


�
��
	�

��
�'
�	
��
	�
�+ 
��
��
�;
6�
��
��
��
��
�
�!
+ 
�	
���

��
+'�

!�
%�
 �
5'
	�
�	
���
�/

 '
+�
8�
�	
�+
��
�C
		
��
��
+��
��
+��
��
��
	�
'+	

��
��
%�
��
�5
'�
�	

��
�
��
��
�+
��
8�

'�
�'�
+�
�5
�
��
��
��
%�
��
�+ 
��
�
'�
+	
��
��
�!
!�
�+
�$
8�

'�
�'�
+�
�5
�
��
��
��
��+
 �
��
�
'�
��
��
	:
��
+��
��
��
��
	
5'
�

��
'5
��
�7
�
+�
���

�
��
��

�#
##





����������	��
������������	������� ��2�

����������

V
id

eo
C

am
er

a
T

he
rm

is
to

re
d

E
gg

O
n

N
es

ta
R

ec
es

se
s

O
n

N
es

ta
R

ec
es

se
s

B
re

ak

D
at

e

D
ay

B
ef

or
e

H
at

ch
in

g

N
or

m
al

In
cu

ba
tio

n
M

in
.

N
o.

M
in

.

T
ot

al
M

in
.o

n
N

es
t

In
cu

ba
tio

n
C

on
st

an
cy

(%
)

N
o.

T
ot

al
M

in
.o

ff
N

es
t

T
ot

al
M

in
.

M
on

ito
re

db

N
or

m
al

In
cu

ba
tio

n
M

in
.

N
o.

of
B

re
ak

s

T
ot

al
M

in
.o

n
N

es
t

In
cu

ba
tio

n
C

on
st

an
cy

(%
)

N
o.

T
ot

al
M

in
.

of
f

N
es

t

T
ot

al
M

in
.

M
on

ito
re

db

11
Ju

ne
c

25
–

–
–

–
–

–
–

–
33

5
8

37
5

–
5

13
0

50
5

12
Ju

ne
d

24
27

6
3

4
28

0
–

0
0

28
0

1,
17

5
11

1,
23

0
95

.0
7

65
1,

29
5

13
Ju

ne
23

1,
40

2
16

17
1,

41
9

98
.5

2
21

1,
44

0
1,

39
0

6
1,

42
0

98
.6

1
20

1,
44

0
14

Ju
ne

22
1,

41
0

12
13

1,
42

3
98

.8
1

17
1,

44
0

1,
38

5
8

1,
42

5
99

.0
1

15
1,

44
0

15
Ju

ne
21

1,
36

3
17

33
1,

39
6

96
.9

2
44

1,
44

0
1,

35
5

7
1,

39
0

96
.5

2
50

1,
44

0
16

Ju
ne

20
1,

39
6

8
14

1,
41

0
97

.9
2

30
1,

44
0

1,
34

0
12

1,
40

0
97

.2
2

40
1,

44
0

17
Ju

ne
19

1,
30

8
14

17
1,

32
5

97
.9

2
29

1,
35

4
1,

29
5

10
1,

34
5

97
.5

2
35

1,
38

0
18

Ju
ne

18
1,

40
1

15
20

1,
42

1
98

.7
1

19
1,

44
0

1,
36

5
12

1,
42

5
99

.0
1

15
1,

44
0

19
Ju

ne
17

1,
37

7
12

15
1,

39
2

96
.7

4
48

1,
44

0
1,

32
5

13
1,

39
0

96
.5

3
50

1,
44

0
20

Ju
ne

16
1,

27
8

9
14

1,
29

2
97

.7
2

31
1,

32
3

1,
36

0
10

1,
41

0
97

.9
2

30
1,

44
0

21
Ju

ne
15

1,
40

2
14

23
1,

42
5

99
.0

1
15

1,
44

0
1,

35
5

13
1,

42
0

98
.6

1
20

1,
44

0
22

Ju
ne

14
1,

29
8

10
28

1,
32

6
98

.4
1

22
1,

34
8

1,
29

5
13

1,
36

0
98

.6
1

20
1,

38
0

23
Ju

ne
13

1,
37

6
19

45
1,

42
1

98
.7

2
19

1,
44

0
1,

36
5

14
1,

43
5

99
.7

1
5

1,
44

0
24

Ju
ne

12
1,

36
8

12
27

1,
39

5
97

.3
2

38
1,

43
3

1,
35

0
11

1,
40

5
97

.6
2

35
1,

44
0

25
Ju

ne
11

1,
42

1
7

9
1,

43
0

99
.3

1
10

1,
44

0
1,

37
5

8
1,

41
5

98
.3

1
25

1,
44

0
26

Ju
ne

10
1,

10
9

11
17

1,
12

6
10

0.
0

0
0

1,
12

6
1,

40
5

7
1,

44
0

10
0.

0
0

0
1,

44
0

27
Ju

ne
9

1,
32

0
4

4
1,

32
4

98
.9

1
15

1,
33

9
1,

32
0

9
1,

36
5

98
.9

1
15

1,
38

0
28

Ju
ne

8
1,

39
0

4
7

1,
39

7
97

.0
3

43
1,

44
0

1,
36

5
12

1,
42

5
99

.0
2

15
1,

44
0

29
Ju

ne
7

1,
29

1
7

8
1,

29
9

98
.9

1
15

1,
31

4
1,

39
5

7
1,

43
0

99
.3

1
10

1,
44

0
30

Ju
ne

6
1,

31
7

12
14

1,
33

1
98

.6
2

19
1,

35
0

1,
32

0
8

1,
36

0
98

.6
2

20
1,

38
0

1
Ju

ly
5

1,
40

6
19

22
1,

42
8

99
.2

1
12

1,
44

0
1,

37
0

11
1,

42
5

99
.0

1
15

1,
44

0
2

Ju
ly

4
1,

38
9

17
27

1,
41

6
98

.3
2

24
1,

44
0

1,
37

0
9

1,
41

5
98

.3
2

25
1,

44
0

3
Ju

ly
3

1,
39

1
15

17
1,

40
8

97
.8

2
32

1,
44

0
1,

37
5

9
1,

42
0

98
.6

1
20

1,
44

0
4

Ju
ly

2
1,

39
2

9
9

1,
40

1
97

.3
3

39
1,

44
0

1,
38

0
3

1,
39

5
96

.9
4

45
1,

44
0

5
Ju

ly
1

1,
35

2
9

10
1,

36
2

10
0.

0
0

0
1,

36
2

1,
35

0
6

1,
38

0
10

0.
0

0
0

1,
38

0
6

Ju
ly

H
at

ch
in

g
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

T
ot

al
e

23
31

,1
57

27
2

41
0

31
,5

67
38

54
2

32
,1

09
31

,2
05

21
8

32
,2

95
34

52
5

32
,8

20
A

ve
ra

ge
1,

35
5

12
18

1,
37

3
98

.3
2

24
1,

39
6

1,
35

7
10

1,
40

4
98

.4
2

23
1,

42
7

a
O

n-
ne

st
ac

tiv
iti

es
in

cl
ud

e
no

rm
al

in
cu

ba
tio

n,
br

ea
ks

(n
es

tm
ai

nt
en

an
ce

ac
tiv

iti
es

)
an

d
de

fe
ns

e
bo

ut
s,

be
ca

us
e

ne
st

w
as

at
te

nd
ed

.
b
T

ot
al

m
in

.m
on

ito
re

d
ex

cl
ud

es
di

st
ur

ba
nc

e
m

in
.

c
D

ay
th

er
m

is
to

re
d

eg
g

w
as

de
pl

oy
ed

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
d

D
ay

ca
m

er
a

w
as

de
pl

oy
ed

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
e
In

cl
ud

es
da

ys
1–

23
be

fo
re

ha
tc

hi
ng

.

�
��
��
�'
��
(
9


�
��
	�

��
�'
�	
��
	�
�+ 
��
��
�;
6�
��
��
��
��
�
�!
+ 
�	
���

��
+'�

!�
%�
 �
5'
	�
�	
���
�/

 '
+�
8�
�	
�+
��
�C
		
��
��
+��
��
+�9
��
��
	�
'+	

��
��
%�
��
�5
'�
�	

��
�
��
��
�+
��
8�

'�
�'�
+�
�5
�
��
��
��
%�
��
�+ 
��
�
'�
+	
��
��
�!
!�
�+
�$
8�

'�
�'�
+�
�5
�
��
�'�
�+ 
��
�
�
'�
��
��
	:
��
+��
��
��
��
	
5'
�

��
'5
��
�7
�
+�
���

�
��
��

�#
##





������������������������������	��
������������	�������2�

����������

V
id

eo
C

am
er

a
T

he
rm

is
to

re
d

E
gg

O
n

N
es

ta
R

ec
es

se
s

O
n

N
es

ta
R

ec
es

se
s

B
re

ak
s

D
ef

en
se

D
at

e

D
ay

B
ef

or
e

F
ai

lu
re

N
or

m
al

In
cu

ba
tio

n
M

in
.

N
o.

M
in

.
N

o.
M

in
.

T
ot

al
M

in
.o

n
N

es
t

In
cu

ba
tio

n
C

on
st

an
cy

(%
)

N
o.

T
ot

al
M

in
.o

ff
N

es
t

T
ot

al
M

in
.

M
on

ito
re

db

N
or

m
al

In
cu

ba
tio

n
M

in
.

N
o.

of
B

re
ak

s

T
ot

al
M

in
.o

n
N

es
t

In
cu

ba
tio

n
C

on
st

an
cy

(%
)

N
o.

T
ot

al
M

in
.

of
f

N
es

t
T

ot
al

M
in

.
M

on
ito

re
db

11
Ju

ne
c

25
–

–
–

–
–

–
–

–
–

–
18

0
2

19
0

6
26

0
45

0
12

Ju
ne

d
24

27
5

2
2

0
0

27
7

1
14

3
42

0
1,

01
0

26
1,

14
0

87
.4

7
16

5
1,

30
5

13
Ju

ne
23

1,
36

8
40

61
0

0
1,

42
9

99
.2

2
11

1,
44

0
1,

30
0

27
1,

43
5

99
.7

1
5

1,
44

0
14

Ju
ne

22
1,

36
0

32
46

0
0

1,
40

6
97

.6
2

34
1,

44
0

1,
31

5
18

1,
40

5
97

.6
2

35
1,

44
0

15
Ju

ne
21

1,
37

1
25

44
1

3
1,

41
8

98
.5

1
22

1,
44

0
1,

34
0

16
1,

42
0

98
.6

1
20

1,
44

0
16

Ju
ne

20
1,

39
4

20
32

0
0

1,
42

6
99

.0
1

14
1,

44
0

1,
34

5
16

1,
42

5
99

.0
1

15
1,

44
0

17
Ju

ne
19

1,
29

3
25

38
0

0
1,

33
1

97
.9

1
28

1,
35

9
1,

28
0

16
1,

36
0

98
.6

1
20

1,
38

0
18

Ju
ne

18
1,

24
6

21
33

0
0

1,
27

9
98

.7
2

17
1,

29
6

1,
19

5
14

1,
26

5
98

.1
2

25
1,

29
0

19
Ju

ne
17

1,
33

8
22

41
0

0
1,

37
9

95
.8

3
61

1,
44

0
1,

30
5

16
1,

38
5

96
.2

3
55

1,
44

0
20

Ju
ne

16
1,

20
1

16
26

0
0

1,
22

7
98

.2
1

23
1,

25
0

1,
36

5
10

1,
41

5
98

.3
1

25
1,

44
0

21
Ju

ne
15

1,
39

2
16

20
0

0
1,

41
2

98
.1

1
28

1,
44

0
1,

35
0

13
1,

41
5

98
.3

1
25

1,
44

0
22

Ju
ne

14
1,

20
1

15
22

0
0

1,
22

3
91

.3
4

11
7

1,
34

0
1,

19
5

12
1,

25
5

90
.9

3
12

5
1,

38
0

23
Ju

ne
13

1,
36

2
25

32
0

0
1,

39
4

96
.8

2
46

1,
44

0
1,

31
5

16
1,

39
5

96
.9

2
45

1,
44

0
24

Ju
ne

12
1,

33
8

20
21

0
0

1,
35

9
94

.4
3

81
1,

44
0

1,
30

5
9

1,
35

0
93

.8
3

90
1,

44
0

25
Ju

ne
11

1,
28

9
25

25
0

0
1,

31
4

91
.3

5
12

6
1,

44
0

1,
27

5
9

1,
32

0
91

.7
5

12
0

1,
44

0
26

Ju
ne

10
1,

19
8

27
29

0
0

1,
22

7
89

.9
6

13
8

1,
36

5
1,

19
0

13
1,

25
5

90
.9

6
12

5
1,

38
0

27
Ju

ne
9

1,
27

7
28

31
0

0
1,

30
8

90
.8

7
13

2
1,

44
0

1,
23

5
14

1,
30

5
90

.6
7

13
5

1,
44

0
28

Ju
ne

8
1,

30
6

25
30

0
0

1,
33

6
92

.8
5

10
4

1,
44

0
1,

26
0

13
1,

32
5

92
.0

5
11

5
1,

44
0

29
Ju

ne
7

1,
32

1
23

27
0

0
1,

34
8

93
.6

6
92

1,
44

0
1,

28
0

13
1,

34
5

93
.4

6
95

1,
44

0
30

Ju
ne

6
1,

22
0

27
28

0
0

1,
24

8
92

.0
8

10
9

1,
35

7
1,

17
5

18
1,

26
5

91
.7

8
11

5
1,

38
0

01
Ju

ly
5

1,
29

0
20

21
0

0
1,

31
1

91
.0

7
12

9
1,

44
0

1,
29

0
10

1,
34

0
93

.1
6

10
0

1,
44

0
02

Ju
ly

4
1,

30
5

23
23

0
0

1,
32

8
92

.2
6

11
2

1,
44

0
1,

27
0

11
1,

32
5

92
.0

6
11

5
1,

44
0

03
Ju

ly
3

1,
28

4
27

28
0

0
1,

31
2

91
.1

7
12

8
1,

44
0

1,
24

0
13

1,
30

5
90

.6
8

13
5

1,
44

0
04

Ju
ly

2
1,

32
9

19
19

0
0

1,
34

8
93

.6
6

92
1,

44
0

1,
29

0
12

1,
35

0
93

.8
6

90
1,

44
0

05
Ju

ly
1

1,
28

3
15

16
0

0
1,

29
9

95
.4

4
62

1,
36

1
1,

24
5

14
1,

31
5

95
.3

4
65

1,
38

0
06

Ju
ly

F
ai

lu
re

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
T

ot
al

e
23

29
,9

66
53

6
69

3
1

3
30

,6
62

90
1,

70
6

32
,3

68
29

,3
60

32
3

30
,9

75
88

1,
69

5
32

,6
70

A
ve

ra
ge

1,
30

3
23

30
<

0
<

0
1,

33
3

94
.7

4
74

1,
40

7
1,

27
7

14
1,

34
7

94
.8

4
74

1,
42

0
a

O
n-

ne
st

ac
tiv

iti
es

in
cl

ud
e

no
rm

al
in

cu
ba

tio
n,

br
ea

ks
(n

es
tm

ai
nt

en
an

ce
ac

tiv
iti

es
)

an
d

de
fe

ns
e

bo
ut

s,
be

ca
us

e
ne

st
w

as
at

te
nd

ed
.

b
T

ot
al

m
in

.m
on

it
or

ed
ex

cl
ud

es
di

st
ur

ba
nc

e
m

in
.

c
D

ay
th

er
m

is
to

re
d

eg
g

w
as

de
pl

oy
ed

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
d

D
ay

ca
m

er
a

w
as

de
pl

oy
ed

,d
at

a
no

ti
nc

lu
de

d
in

su
m

m
ar

y.
e

In
cl

ud
es

da
ys

1–
23

be
fo

re
fa

ilu
re

.

�
��
��
�'
��
(
�


�
��
	�

��
�'
�	
��
	�
�+ 
��
��
�;
6�
��
��
��
��
�
�!
+ 
�	
���

��
+'�

!�
%�
 �
5'
	�
�	
���
�/

 '
+�
8�
�	
�+
��
�C
		
��
��
+��
��
+�1
��
��
	�
'+	

��
��
%�
��
�5
'�
�	

��
�
��
��
�+
��
8�

'�
�'�
+�
�5
�
��
��
��
%�
��
�+ 
��
�
'�
+	
��
��
�!
!�
�+
�$
8�

'�
�'�
+�
�5
�
��
�'�
�+ 
��
�
�
'�
��
��
	:
��
+��
��
��
��
	
5'
�

��
'5
��
�7
�
+�
���

�
��
��

�#
##





����������	��
������������	������� ��29

����������

On-Nest Activitiesa Off-Nest Activities

Breaks Defense Exchange Recesses

Date

Day
Before

Hatching

Normal
Incubation

Min. No. Min. No. Min.
Total Min.

on Nest

Incubation
Constancy

(%) No. Min. No. Min.

Total
Min.
off

Nestb
Total Min.
Monitoredc

10 Juned 29 392 3 6 0 0 398 – 0 0 0 0 0 398

11 Junee 28 665 3 7 0 0 672 99.4 2 4 0 0 4 676
12 June 27 1,409 7 13 1 2 1,424 98.9 1 1 2 15 16 1,440
13 June 26 1,433 3 3 0 0 1,436 99.7 3 4 0 0 4 1,440
14 June 25 1,282 2 2 1 7 1,291 100.0 0 0 0 0 0 1,291
15 June 24 1,393 7 8 0 0 1,401 97.3 1 3 2 36 39 1,440
16 June 23 1,423 4 10 0 0 1,433 99.5 2 7 0 0 7 1,440
17 Junee 22 1,136 3 4 0 0 1,140 99.8 1 2 0 0 2 1,142
18 June 21 1,432 2 3 0 0 1,435 99.7 2 5 0 0 5 1,440
19 June 20 1,266 3 8 0 0 1,274 99.8 1 3 0 0 3 1,277
20 June 19 1,146 5 5 0 0 1,151 99.1 1 2 2 8 10 1,161
21 June 18 1,436 4 4 0 0 1,440 100.0 0 0 0 0 0 1,440
22 Junee 17 1,181 5 5 0 0 1,186 99.4 4 7 0 0 7 1,193
23 Junee 16 1,217 5 7 0 0 1,224 99.0 4 6 1 6 12 1,236
24 June 15 1,310 4 6 1 4 1,320 99.1 5 12 0 0 12 1,332
25 June 14 1,397 11 15 0 0 1,412 98.1 4 10 1 18 28 1,440
26 June 13 1,398 11 18 0 0 1,416 99.7 2 4 0 0 4 1,420
27 June 12 1,258 1 1 0 0 1,259 98.0 3 6 1 20 26 1,285
28 June 11 1,420 8 12 0 0 1,432 99.4 3 8 0 0 8 1,440
29 June 10 1,293 6 11 0 0 1,304 98.6 2 11 1 8 19 1,323
30 Junee 9 796 6 8 0 0 804 99.0 3 8 0 0 8 812
01 July 8 1,254 27 43 0 0 1,297 99.4 3 6 1 2 8 1,305
02 July 7 1,350 18 31 0 0 1,381 99.6 3 5 0 0 5 1,386
03 July 6 1,290 18 24 0 0 1,314 97.5 2 8 2 26 34 1,348
04 July 5 1,400 16 26 0 0 1,426 99.0 6 14 0 0 14 1,440
05 July 4 1,385 19 40 0 0 1,425 99.0 2 4 2 11 15 1,440
06 July 3 1,421 11 12 0 0 1,433 99.5 3 7 0 0 7 1,440
07 July 2 1,323 15 28 0 0 1,351 99.9 1 2 0 0 2 1,353
08 Julye 1 857 12 24 0 0 881 99.9 1 1 0 0 1 882
09 July Hatching – – – – – – – – – – – – –
Totalf 22 29,719 202 323 3 13 30,055 50 122 14 144 266 30,321
Averagef 1,351 9.2 14.7 0.1 0.6 1,366 99.1 2.3 5.5 0.6 6.5 12.1

a On-nest activities include normal incubation, breaks (nest maintenance activities), and defense bouts, because nest was attended.
b Total min. off nest includes exchange min. and recess min.
c Total min. monitored excludes disturbance min.
d Day camera deployed, data not included in summary.
e Disturbance by ground crews near nest for >150 min, data not included in summary.
f Includes days 2–8, 10–15, 18–21, and 23–27 before hatching.
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On-Nest Activitiesa Off-Nest Activities

Breaks Defense Exchange Recess

Date

Day
Before

Hatching

Normal
Incubation

Min. No. Min. No. Min.
Total Min.

on Nest

Incubation
Constancy

(%) No. Min. No. Min.

Total
Min.
off

Nestb
Total Min.
Monitoredc

12 Juned 29 – – – – – – – – – – – – –
13 Junee 28 1,264 17 22 0 0 1,286 99.5 1 2 1 5 7 1,293

14 June 27 1,375 10 12 0 0 1,387 96.3 4 6 4 47 53 1,440

15 June 26 1,424 10 12 0 0 1,436 99.7 2 4 0 0 4 1,440

16 June 25 1,420 9 10 1 1 1,431 99.4 4 5 1 4 9 1,440

17 Junee 24 1,328 11 14 0 0 1,342 99.3 3 7 1 3 10 1,352

18 June 23 1,413 12 14 0 0 1,427 99.1 2 3 2 10 13 1,440

19 Junef 22 897 10 13 0 0 910 99.8 1 2 0 0 2 912

20 Junef 21 1,015 8 9 0 0 1,024 99.4 1 1 1 5 6 1,030

21 June 20 1,409 11 11 0 0 1,420 98.6 7 20 0 0 20 1,440

22 Junee 19 1,318 10 11 0 0 1,329 97.8 6 27 1 3e 30 1,359

23 June 18 1,387 13 15 0 0 1,402 97.4 1 5 4 33 38 1,440

24 Juneg 17 400 3 3 0 0 403 97.8 1 2 1 7 9 412

25 Juneg 16 – – – – – – – – – – – – –

26 Juneg 15 – – – – – – – – – – – – –

27 Juneg 14 – – – – – – – – – – – – –

28 Juneg 13 – – – – – – – – – – – – –

29 Juneg 12 – – – – – – – – – – – – –

30 Juneg 11 221 3 3 0 0 224 99.6 1 1 0 0 1 225

01 July 10 1,338 14 18 0 0 1,356 94.2 1 3 4 81 84 1,440

02 July 9 1,316 13 16 0 0 1,332 92.5 1 3 6 105 108 1,440

03 July 8 1,299 18 21 0 0 1,320 91.7 2 3 5 117 120 1,440

04 July 7 1,364 10 11 0 0 1,375 95.5 2 4 7 61 65 1,440

05 Julye 6 1,212 14 14 0 0 1,226 92.4 0 0 3 101e 101 1,327

06 Julye 5 1,258 13 15 0 0 1,273 98.8 4 13 1 3 16 1,289

07 July 4 1,328 14 16 1 1 1,345 93.4 1 3 2 92 95 1,440

08 July 3 1,425 9 9 0 0 1,434 99.6 2 4 1 2 6 1,440

09 Julye 2 1,279 25 31 0 0 1,310 98.2 1 2 4 22 24 1,334

10 July 1 1,371 18 20 0 0 1,391 99.0 6 14 0 0 14 1,405

11 July Hatching – – – – – – – – – – – – –

Totalh 19 25,528 251 292 2 2 25,822 50 128 47 689 817 26,639

Averageh 1,343.6 13.2 15.4 0.1 0.1 1,359.1 97.0 2.6 6.7 2.5 36.3e 43

a On-nest activities include normal incubation, breaks (nest maintenance activities), and defense bouts, because nest was attended.
b Total min. off nest includes exchange min. and recess min.
c Total min. monitored excludes disturbance min.
d Day camera deployed, no times calculated.
e Disturbance by ground crews near nest for <150 min; these periods were not included in table, but overlapped partially on June 22, and

completely on July 5, with the time that the swan was on recess. Inclusion of these recess periods results in a total recess duration of 9 min on
June 22 and 126 min on July 5, and a mean recess duration of 37.9 min.

f Disturbance by ground crews near nest for >150 min, data not included in summary.
g Partial or missing video coverage, data not included in summary.
h Includes days 1–10, 18–20, and 23–28 before hatching.
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Small Truck Large Truck Machinery All Vehicles

Date No.
Duration

(min)a
Veh.
Minb No.

Duration
(min) a

Veh.
Minb No.

Duration
(min) a

Veh.
Minb No.

Duration
(min) a

Veh.
Minb

Total Min
Monitored

11 June 5 44 44 1 4 4 5 212 212 11 244 260 820

12 June 1 1 1 2 35 35 4 192 249 7 211 285 1,440

13 June 8 66 66 1 15 15 4 86 116 13 164 197 1,440

14 June 2 12 12 2 10 10 4 24 24 8 36 46 1,440

15 June 11 54 54 3 10 10 5 158 158 19 199 222 1,440

16 June 7 27 30 0 0 0 1 49 49 8 76 79 1,440

17 June 5 93 95 0 0 0 1 8 8 6 101 103 1,433

18 June 10 60 67 6 88 88 4 172 172 20 234 327 1,440

19 June 8 81 81 1 10 10 2 129 190 11 210 281 1,440

20 June 6 74 74 7 118 118 6 277 335 19 404 527 1,440

21 June 3 27 27 2 12 12 3 99 99 8 111 138 1,440

22 June 4 41 41 3 39 39 4 295 547 11 360 627 1,433

23 June 8 28 28 4 28 28 4 54 54 16 64 110 1,440

24 June 2 9 9 2 21 21 4 43 43 8 54 73 1,440

25 June 7 39 39 2 20 20 6 126 134 15 162 193 1,440

26 June 2 20 20 7 136 136 1 19 19 10 175 175 1,436

27 June 2 2 2 1 6 6 5 269 381 8 275 389 1,440

28 June 8 64 64 5 87 98 12 698 1,680 25 701 1,842 1,440

29 June 7 43 43 8 114 114 12 691 1,707 27 691 1,864 1,440

30 June 13 74 74 4 40 40 9 569 833 26 603 947 1,431

1 July 3 35 35 8 147 158 8 730 1,380 19 790 1,573 1,440

2 July 9 94 94 8 90 90 11 797 1,307 28 804 1,491 1,440

3 July 5 22 22 11 252 280 15 771 1,729 31 814 2,031 1,440

4 July 7 43 43 14 335 401 6 880 1,430 27 913 1,874 1,440

5 July 9 52 52 8 101 104 11 681 1,174 28 726 1,330 1,433

6 July 10 80 80 7 52 63 9 801 908 26 830 1,051 1,370

7 July 8 143 143 4 82 82 11 380 433 23 483 658 1,440

8 July 12 87 87 7 78 78 9 498 572 28 563 737 1,440

9 July 14 117 136 8 38 38 10 117 149 32 250 323 1,435

10 July 13 81 81 9 63 63 9 278 343 31 355 487 1,405

11 July 19 207 210 3 29 29 14 905 1,120 36 1,007 1,359 1,440

12 July 10 140 153 6 50 50 12 295 494 28 358 697 982

Total 238 1,960 2,007 154 2,110 2,240 221 11,303 18,049 613 12,968 22,296 44,858

Average 7 61 63 5 66 70 7 353 564 19 405 697 1,402

a Duration = number of minutes ≥1 vehicle was on airstrip.
b Veh. min = sum of min each vehicle was on airstrip
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Small Truck Large Truck Machinery All Vehicles

Date No.
Duration
(Min.)a

Vehicle
Min.b No.

Duration
(Min.)a

Vehicle
Min.b No.

Duration
(Min.)a

Vehicle
Min.b No.

Duration
(Min.)a

Vehicle
Min.b

Total Min.
Monitored

12 June 4 5 5 1 1 1 2 3 3 7 9 9 353
13 June 11 15 15 3 3 3 10 12 12 24 29 30 1,440
14 June 9 14 14 5 5 5 19 21 22 33 40 41 1,440
15 June 8 11 11 4 6 6 17 63 65 29 80 82 1,440
16 June 7 8 8 2 2 2 3 3 3 12 13 13 1,440
17 June 5 6 6 0 0 0 2 5 5 7 11 11 1,431
18 June 8 11 11 3 3 3 4 4 4 13 18 18 1,440
19 June 13 30 31 5 5 5 3 7 7 20 41 43 1,440
20 June 17 42 42 3 3 3 13 19 19 33 64 64 1,323
21 June 16 56 91 1 1 1 4 4 4 23 68 96 1,440
22 June 7 9 9 1 1 1 4 13 13 12 23 23 1,432
23 June 11 21 24 0 0 0 6 12 12 17 33 36 1,440
24 June 8 49 51 0 0 0 4 25 25 12 74 76 1,433
25 June 8 68 68 0 0 0 10 11 11 18 78 79 1,440
26 June 12 14 15 8 8 8 24 31 31 44 53 54 1,126
27 June 8 16 16 3 3 3 29 86 89 40 93 108 1,403
28 June 3 3 3 7 8 8 12 35 35 22 46 46 1,440
29 June 10 13 13 2 2 2 16 66 66 26 77 81 1,314
30 June 12 31 33 5 8 8 8 8 9 25 47 50 1,420
1 July 7 31 31 6 18 18 7 7 7 20 56 56 1,440
2 July 5 7 7 7 13 13 14 17 17 26 37 37 1,440
3 July 6 7 7 9 16 16 12 34 34 27 57 57 1,440
4 July 20 34 34 13 22 22 17 81 96 47 135 152 1,440
5 July 18 38 38 1 1 5 17 45 46 36 88 89 1,431
6 July 6 12 12 2 2 2 9 17 17 17 30 31 792
Total 239 551 595 91 131 135 266 629 652 590 1,300 1,382 33,618
Average 9.6 22.0 23.8 3.6 5.2 5.4 10.6 25.2 26.1 23.6 52.0 55.3 1,344.7

a Duration = number of minutes ≥1 vehicle was on airstrip.
b Veh. min = sum of min each vehicle was on airstrip
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Aircraft

Date DC-6 Twin Otter C-207 Total

13 July 0 0 0 0
14 July 0 3 0 3
15 July 0 2 1 3
16 July 3 3 0 6
17 July 1 2 1 4
18 July 0 0 1 1
19 July 0 2 1 3
20 July 0 2 0 2
21 July 0 3 4 7
22 July 0 2 0 2
23 July 0 2 0 2
24 July 4 0 0 4
25 July 3 2 0 5
26 July 0 2 0 2
27 July 1 2 0 3
28 July 0 2 1 3
29 July 0 2 1 3
30 July 0 3 0 3
31 July 2 0 0 2
1 August 1 0 0 1
2 August 1 4 0 5
3 August 0 2 0 2
4 August 0 3 0 3
5 August 1 1 0 2
6 August 1 2 0 3
7 August 2 0 1 3
8 August 0 0 0 0
9 August 0 3 1 4
10 August 0 1 0 1
11 August 1 4 0 5
12 August 0 1 0 1
13 August 1 1 0 2
14 August 1 0 0 1
15 August 1 0 0 1
16 August 0 2 0 2
17 August 0 2 0 2
18 August 0 3 1 4
19 August 0 1 0 1
20 August 0 3 0 3
21 August 0 0 0 0
22 August 0 0 1 1
23 August 0 0 0 0
24 August 0 3 0 3

Daily Mean 0.6 1.6 0.3 2.5
Total 24 70 14 108

������'��-1
 4 ���6�%���	���'�����+�%��+�������'�!���+���+ ��*�+���	*
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Incubation

Constancy

Number of

Recesses

Total Time

Off Nest

Total Time

On Nest

Normal

Incubation

Number of

Breaks

Incubation Constancy 1.00

Number of Recesses -0.74** 1.00

Total Time off Nest -1.00** 0.74** 1.00

Total Time On Nest 0.96** -0.71** -0.96** 1.00

Normal Incubation 0.88** -0.69** -0.87** 0.92** 1.00

Number of Breaks -0.07 0.15** 0.06 -0.09 -0.47** 1.00

** Correlation is significant at the 0.01 level (2-tailed).
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Standardized Model Statistics

Dependent/Independent Variables β SD Beta t P F P R R2 Adj.R2

Incubation Constancy
Constant 1.467 0.023 62.45 0.000 5.02 0.002 0.21 0.04 0.04
Mean Temperature -0.005 0.002 -0.13 -2.35 0.019
Mean Wind Speed 0.003 0.001 0.13 2.27 0.024
No. of Airplanes 0.003 0.002 0.11 1.89 0.060

No. of Incubation Breaks
Constant 1.058 0.009 119.86 <0.001 8.29 0.00 0.22 0.05 0.04
Duration of Vehicle Noise Events <0.001 <0.001 0.20 3.71 <0.001
Cumulative Time of Pedestrians on Tundra <0.001 <0.001 0.10 1.78 0.076
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Source

Type III
Sum of
Squares df

Mean
Square F P R2 Adj. R2

Dependent Variable: Incubation Constancy (arcsine transformed)
Corrected Model 0.56 7 0.08 12.11 0.000 0.172 0.158
Intercept 29.44 1 29.44 4,493.27 0.000
Fate 0.04 1 0.04 5.45 0.020
Mean Temperature 0.18 1 0.18 27.42 0.000
No. of Airplanes 0.00 1 0.00 0.00 0.965
Windspeed 0.02 1 0.02 2.69 0.102
Fate * Mean Temperature 0.22 1 0.22 33.16 0.000
Fate * No. of Airplanes 0.00 1 0.00 0.46 0.500
Fate * Windspeed 0.02 1 0.02 2.30 0.130
Error 2.67 407 0.01
Total 908.21 415
Corrected Total 3.22 414

Dependent Variable: Number of Incubation Breaks (logarithm transformed)
Corrected Model 0.63 5 0.13 6.51 0.000 0.092 0.078
Intercept 288.84 1 288.84 14,925.74 0.000
Fate 0.20 1 0.20 10.28 0.001
Tundra Pedestrian Time 0.07 1 0.07 3.36 0.068
Traffic Noise Duration 0.09 1 0.09 4.73 0.030
Fate * Tundra Pedestrian Time 0.03 1 0.03 1.38 0.241
Fate * Traffic Noise Duration 0.03 1 0.03 1.76 0.185
Error 6.23 322 0.02
Total 384.67 328
Corrected Total 6.86 327
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Temperature (C) Wind Speed (mph)

Date Mean Maximum Minimum Mean

Maximum
5-sec

Average

Maximum
2-min

Average
Direction

(deg.)

11 June 6.1 14 0 10.6 18 17 70
12 June 9.7 18 2 10.5 22 20 60
13 June 6.8 13 2 9.5 16 14 320
14 June 6.1 11 2 9.0 17 15 350
15 June 8.2 15 3 11.8 23 21 40
16 June 5.6 10 2 18.2 33 28 70
17 June 5.9 17 2 8.1 16 15 20
18 June 3.9 8 1 7.0 16 13 320
19 June 5.3 12 0 7.8 16 13 340
20 June 3.0 8 -1 14.3 28 24 50
21 June 2.2 7 -1 23.1 34 30 70
22 June 3.2 7 0 13.9 24 22 80
23 June 7.1 12 2 8.0 17 15 40
24 June 5.8 10 1 11.5 21 18 70
25 June 8.0 13 2 9.8 17 15 50
26 June 9.7 16 3 8.4 22 18 20
27 June 4.1 9 -1 10.4 17 15 20
28 June 6.9 17 1 7.3 20 16 30
29 June 7.6 13 1 11.2 21 18 60
30 June 10.1 16 3 10.4 18 16 60
1 July 17.3 26 6 8.5 15 13 90
2 July 17.1 22 12 8.1 21 17 330
3 July 16.4 22 9 8.1 18 16 40
4 July 16.1 26 10 9.0 18 16 190
5 July 14.8 20 10 12.7 29 25 240
6 July 10.2 14 6 13.7 28 24 280
7 July 9.5 12 7 8.4 21 17 340
8 July 14.5 22 7 7.6 15 14 90
9 July 15.4 22 10 6.8 15 14 100
10 July 10.4 14 7 9.3 17 15 360
11 July 9.4 14 4 9.2 17 15 50
12 July 10.4 18 5 9.8 20 16 70
13 July 12.8 20 5 13.0 23 20 90
14 July 13.7 22 5 13.7 25 22 80
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Variable Type Variable β  S.E. Wald df P-value Exp (β)

1999 Waterfowl Nests, n = 480 grids, 14 nests.

No variables entered this model.a

1998 Waterfowl Nests, n = 480 grids, 24 nests.

Polygon Center 4.713 2 .095
Low 1.028 1.037 .981 1 .322 2.794
High -.460 1.238 .138 1 .710 .631

Constant -3.663 1.013 13.088 1 .000 .026
1999 Greater White-fronted Goose Nests, n = 480 grids, 9 nests.

Vegetation Cover Moist Sedge–Shrub .033 .018 3.269 1 .071 1.033
Constant -5.076 .785 41.756 1 .000 .006

1998 Greater White-fronted Goose Nests, n = 480 grids, 16 nests

No variables entered this model.a

1999 Shorebird Nests, n = 487 grids, 85 nests

Distance Airstrip (m) 5.435 3 .143
0–780 .485 .387 1.577 1 .209 1.625

781–1,430 .824 .377 4.779 1 .029 2.280
1,431–2,412 .294 .402 .536 1 .464 1.342

Water Depth -.011 .006 3.360 1 .067 .989
Vegetation Cover Moist Sedge–Scrub .028 .008 13.108 1 .000 1.029

Open Low Willow -.068 .057 1.426 1 .323 .934
Constant -2.580 .381 45.900 1 .000 .076

1998 Shorebird Nests, n = 491 grids, 116 nests.

Distance Airstrip (m) 5.985 3 .112
0–780 .677 .351 3.725 1 .054 1.967

781–1,430 .803 .343 5.463 1 .019 2.231
1,431–2,412 .673 .352 3.657 1 .056 1.961

Polygon Density 5.259 2 .072
Low .852 .504 2.861 1 .091 2.344
High 1.258 .557 50.97 1 .024 3.520

Vegetation Cover Wet Sedge–Willow .016 0.008 4.197 1 .040 1.016
Dryas Tundra .095 .044 4.607 1 .032 1.100

Constant -2.948 .603 23.916 1 .000 .052
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Variable Type Variable β S.E. Wald df P-value Exp (β)

1999 Pectoral Sandpiper Nests, n = 480 grids, 24 nests.

Distance Airstrip (m) 4.635 3 .201
0–780 .372 .750 .246 1 .620 1.450

781–1,430 1.259 .673 3.495 1 .062 3.522
1,431–2,412 .698 .721 .936 1 .333 2.009

Vegetation Cover Moist Sedge–Shrub .021 .012 2.816 1 .093 1.021
Constant -4.287 .716 35.830 1 .000 .014

1998 Pectoral Sandpiper Nests, n = 483 grids, 61 nests.

Polygon Density 4.038 2 .133
Low 1.788 1.025 3.043 1 .081 5.979
High 2.099 1.062 3.906 1 .048 8.156

Vegetation
Cover

Dryas Tundra .069 .052 1.763 1 .184 1.071

Constant -3.715 1.014 13.425 1 .000 .024

1999 Semipalmated Sandpiper Nests, n = 480 grids, 37 nest.

Water Depth -.021 .010 4.517 1 .034 .979
Vegetation Cover Moist Sedge–Shrub .031 .010 8.922 1 .003 1.031

Open Low Willow -0.126 .117 1.161 1 .281 .882
Constant -2.949 .400 54.449 1 .000 .052

1998 Semipalmated Sandpiper Nests, n = 480 grids, 21 nests.

Distance Airstrip (m) 6.223 3 .101
0–780 2.037 .900 5.120 1 .024 7.667

781-1,430 2.383 980 5.912 1 .015 10.838
1,431-2,412 1.809 .942 9.689 1 .055 6.106

Vegetation Cover Wet Sedge–Willow .050 .018 7.997 1 .005 1.051
Moist Sedge Shrub .059 .016 12.797 1 .000 1.061
Open Low–Willow .072 .026 7.788 1 .005 1.075

Constant -8.095 1.455 30.972 1 .000 .000
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Variable Type Variable β  S.E. Wald df P-value Exp (β)

1999 Passerine Nests, n = 481 grids, 64 nests.

Topography Surface Relief .010 .007 2.202 1 .138 1.011
Water Depth .011 .006 3.606 1 .058 1.011
Vegetation Cover Wet Sedge–Willow .020 .010 3.970 1 .046 1.020

Moist Sedge–Shrub .015 .010 2.522 1 .112 1.015
Constant −3.562 .527 45.630 1 .000 .028

1998 Passerine Nests, n = 482 grids, 54 nests.

Topography Surface Relief .016 .007 5.143 1 .023 1.016
Constant −2.809 .369 57.970 1 .000 .060

1999 Lapland Longspur Nests, n = 481 grids, 62 nests.

Topography Surface Relief .017 .008 4.284 1 .038 1.017
Water Depth .009 .006 2.195 1 .138 1.009
Vegetation Cover Wet Sedge–Willow .024 .010 5.407 1 .020 1.024

Moist Sedge–Shrub .016 .010 2.631 1 .105 1.016
Open Low Willow −.082 .064 1.618 1 .203 .922

Constant −3.947 .565 48.881 1 .000 .019

1998 Lapland Longspur Nests, n = 480 grids, 49 nests.

Topography Surface Relief .014 .007 4.223 1 .040 1.015
Constant −2.855 .377 57.435 1 .000 .058

a Polygon center was significant variable, but no nests were found on grids without polygon centers; therefore, the coefficients
cannot be estimated correctly. Nonetheless, low- and high-center polygons should have high odds of having nests
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Survey Date 

June July August 

Waterbird groups 10 16 22
a
 6 15 26 5 17 26 Total 

Loons and grebes 56 67 36 53 64 41 64 79 63 523 

Geese 347 83 99 47 51 45 740 282 287 1,981 

Tundra Swans 18 25 14 39 58 54 67 71 122 468 

Diving ducks 184 76 39 125 17 0 13 18 292 764 

Dabbling ducks 177 127 289 149 111 38 288 562 325 2,066 

Total ducks
b 

365 203 328 278 132 40 320 652 629 2,947 

Sandhill Crane 0 1 0 0 0 0 2 0 3 6 

Gulls and terns 21 61 29 124 108 38 30 8 10 429 

Total birds 807 440 506 541 413 218 1,223 1,092 1,114 6,354 

a  Incomplete survey. 
b  Includes unidentified ducks 
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