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CONVERSION TABLE 

For those readers who may prefer the commonly used American units, rather than 
the metric (Sl), the conversion factors for the units in this report are given 
below. 

Multiply Metric S(l) Units 

Centimeters (em) 

Meter (m) 

Kilometers (km) 

Grams (g) 

Kilograms (kg) 

Liters (L) 

Square kilometers (km2) 

Square kilometers (km2) 

Hectares (ha) 

Kilograms per hectare (kg/ha) 

Cubic meters per second 

Degrees Celsius (°C) 

.!U 

0.3937 

1. 0936 

0. 6215 

0.0352 

2.2046 

0.2642 

0.3861 

247.1050 

2.4711 

0.8262 

35.7143 

vii 

To obtain American Units 

Inches (in) 

Yards (yd) 

Miles (mi) 

Ounces (oz) 

Pounds (lb) 

Gallons (gal) 

Square miles (mi2 ) 

Acres 

Acres 

Pounds per acre (lbjacre) 

Cubic feet per second 

Degrees Fahrenheit (°F) 



Chapter 1 

INTRODUCTION 

The Alaska National Interest Lands Conservation Act (ANILCA), Section 1002, 
passed by the U.S. Congress on 2 December 1980 (Public Law 96-487) provides for 
a comprehensive and continuing inventory and assessment of fish and wildlife 
resources of the coastal plain of the Arctic National Wildlife Refuge (ANWR) and 
an analysis of the impacts of oil and gas exploration, development, and 
production. This report is the fourth in a series of annual updates of new 
information which supplement the initial baseline report prepared in 1981 (U.S. 
Fish and Wildlife Service 1982). It summarizes work completed or on-going in 
1985 with emphasis on studies designed to obtain new information about ANWR 
coastal plain resources which are being conducted by U.S. Fish and Wildlife 
Service (USFWS) personnel. For readers interested in quantified results, 
progress reports of these studies are included as appendices of this report. 
Other studies being conducted on or near the ANWR coastal plain are also briefly 
summarized in this update report. Publications or unpublished reports of these 
other studies may be available from the investigating agencies or individuals. 
The report follows the format of the initial baseline report (U.S. Fish and 
Wildlife Service 1982) and the 1982, 1983, and 1984 update reports (Garner and 
Reynolds 1983, Garner and Reynolds 1984, Garner and Reynolds 1985). 

Progress reports included in Appendices I, II, III and V were written by USFWS
ANWR biologists and were reviewed by USFWS-ANWR biologists G.W. Garner and P.E. 
Reynolds. Reports in Appendix IV were prepared and reviewed by USFWS-Fairbanks 
Fisheries Resource Station (FFRS) biologists. Reports in Appendix VI were 
prepared and reviewed by biologists from the USFWS Alaska Fish and Wildlife 
Research Center (AFWRC) in Anchorage, Alaska, or the Canadian Wildlife Service 
(CWS) in Whitehorse, Yukon, or the Alaska Department of Fish and Game (ADFG) in 
Fairbanks, Alaska. Chapter 3 and most of Chapter 8 were written by USFWS-ANWR 
botanist N.A. Felix, Chapter 4 was written by USFWS-ANWR wildlife biologist A.W. 
Brackney and Chapter 6 was written by FFRS biologist R. West. All other chapters 
were prepared by P.E. Reynolds. 

Studies summarized in this report are listed by chapter in Table 1. Many of the 
results reported are part of on-going studies whose findings should be viewed 
as preliminary. 

Literature Cited 

U.S. Fish and Wildlife Service, 1982. Arctic National Wildlife Refuge 
coastal plain resource assessment-- initial report. Baseline study of the 
fish, wildlife, and their habitats. U.S. Fish and Wildlife Services, 
Anchorage, Ak. 507 pp. 

Garner, Gerald W. and Patricia E. Reynolds, eds. 1982. 1982 update 
report. Baseline study of the fish, wildlife, and their habitats. U.S. Fish 
and Wildlife Service, Anchorage, Ak. 379 pp. 
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Garner, Gerald W. and Patricia E. Reynolds, eds. 1984. 1983 update 
report. Baseline study of the fish, wildlife, and their habitats. U.S. Fish 
and Wildlife Service, Anchorage, Ak. 614 pp. 

Garner, Gerald W. and Patricia E. Reynolds, eds. 1985. 1984 update 
report. Baseline study of the fish, wildlife, and their habitats. U.S. Fish 
and Wildlife Service, Anchorage, Ak. 777 pp. 
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Table 1. Arctic National Wildlife Refuge coastal plain resource assessment: status of studies in 1985. 
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4. Birds 
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Habitats 

Project title 

Landsat cover map 
for the Arcitc 
National Wildlife 
Refuge 

Soil evolution and 
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dynamics (Okpilak 
River) 

Seasonal toxic 
production on plants; 
revegetation of dis
turbed areas (Okpilak 
River) 

Vegetation of 
the Beaufort Sea 
coast, Alaska 

Territorial bird 
populations and 
habitat use on 
coastal plain tundra 
of the Arctic 
National Wildlife 
Refuge 

Species accounts of 
birds observed at 
eight study areas on 
the coastal plain of 
the Arctic National 
Wildlife Refuge, 
Alaska 

Distribution, 
abundance and 
productivity of 
tundra swans in 
coastal wetlands of 
the Arctic National 
Wildlife Refuge, 
Alaska, 1985 

Distribution, 
abundance and 
productivity of fall 
staging lesser snow 
geese on coastal 
habitats of north
east Alaska and 
northwest Canada 

Ecology of lesser 
snow geese staging 
on coastal plain of 
the Arctic National 
Wildlife Refuge, 
fall 1985 

Investigators 

c. Mark on 
s. Talbot 
B. Kirk 
M. Shasby 
L. Strong 
L. Pank 

D. Marrett 

N. Grulke 

C. Meyers 

R. Oates 
D. Douglas 
M. McWhorter 
C. Babcock 

M. McWhorter 
D. Douglas 
R. Oates 
S. Gehman 
T. Maxwell 
J. Morton 
R. Field 
c. Babcock 

R. Platte 
A. Brackney 

R. Oates 
M. McWhorter 
G. Muehlenhardt 
C. Bitler 

A. Brackney 
R. Platte 
J. Morton 
D. Whiting 
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Affiliation 

USFWS, Anchorage 

USGS, Anchorage 

USFWS, Anchorage 

Univ. Washington 

Univ. Washington 

Uni v. Alaska 
Fairbanks 

USFWS-ANWR 
Fairbanks 

USFWS-ANWR 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

Reports 

Final maps 
(Anchorage); 
Classification 
Scheme 
Appendix I 

1984 NSF progress 
report on file, 
ANWR, Fairbanks 

Progress report 
on file 
ANWR, Fairbanks 

M.S. thesis 

ANWR Progress 
Report No. FY 86-14 
Appendix II 

ANWR Progress 
Report No. FY 86-18 
Appendix II 

ANWR Progress 
Report No. FY 86-13 

ANWR Progress 
Report No. FY 86-10 
Appendix II 

ANWR Progress 
Report No. FY 86-11 
Appendix II 



Table 1. Continued. 

Chapter 
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Caribou 

Project title 

Effects of aircraft 
disturbance on the 
energetics of 
staging lesser snow 
geese: a model 

Distribution and 
relative abundance 
of golden eagles 
in relation to the 
Porcupine caribou 
herd during calving 
and post-calving 
periods, 1985 

Raptor surveys of 
north slope rivers 
in the Arctic 
National Wildlife 
Refuge, 1985 

Migratory bird use of 
the coastal lagoons 
system of the Beaufort 
Sea coastline within 
the Arctic National 
Wildlife Refuge, 
Alaska, 1985 

Habitat use and 
behavior of molting 
oldsquaw on the coast 
of the Arctic National 
Wildlife Refuge, 
Alaska, 1985 

A preliminary study 
of epibenthic 
invertibrates and 
water quality in 
coastal lagoons of 
the Arctic National 
Wildlife Refuge 

Fall and winter 
movements, 
distribution, and 
annual mortality 
patterns of the 
Porcupine caribou 
herd, 1984-1985 

Calving distribution, 
initial productivity 
and neonatal 
mortality of the 
Porcupine caribou 
herd 

Investigators 

A. Brackney 

F. Mauer 

M. Amaral 
D. James 

A. Brackney 
R. Platte 
J. Morton 

A. Brackney 
R. Platte 

M. Spindler 
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F. Mauer 
G. Garner 

F. Mauer 
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Affiliation 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

USFWS-End. Spec. 
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USFWS-ANWR, 
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USFWS-ANWR, 
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Fairbanks 
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USFWS-ANWR, Fairbanks 

USFWS-ANWR, Fairbanks 

ADF&G, Fairbanks 

Reports 

ANWR Progress 
Report No. FY 86-6-
Impacts 
Appendix V 

ANWR Progress 
Report No. FY 86-4 
Appendix II 

Report on file, 
ANWR, Fairbanks 

ANWR Progress 
Report No. FY 86-15 
Appendix II 

ANWR Progress 
Report No. FY 86-17 

ANWR Progress 
Report No. FY 86-24 
Appendix II 

ANWR Progress 
Report No. FY 86-21 
Appendix III 

ANWR Progress 
Report No. FY 86-6 
Appendix III 



Table 1. Continued. 

Chapter 

5. Mammals (cont.) 

Muskox 

Project title 

Distribution, 
movements, and 
juvenile mortality 
of the Porcupine 
caribou herd in 
northern Yukon, 
June 1982 - January 
1986 

Population status 
and trend of the 
Porcupine caribou 
herd, 1982-1985 

Caribou use of 
potential oil and 
gas development 
areas in the 1002 
region of the Arctic 
National Wildlife 
Refuge 

A sampling method to 
determine caribou use 
of coastal tundra on 
the Arctic National 
Wildlife Refuge: 
Caribou use of the 
area surrounding the 
Kaktovik Inupiat 
Corporation (KIC) 
exploration well No. 
1 site. 

Spatial and temporal 
distribution of 
biting and parasitic 
insects on the 
coastal plain and 
adjoining foothills 
of the Arctic 
National Wildlife 
Refuge 

Ecology of muskoxen 
on the Arctic 
National Wildlife 
Refuge, 1982-1985 

Movements and 
activity patterns of 
a satellite collared 
muskox on the Arctic 
National Wildlife 
Refuge, 1984-1985 

Comparative habitat 
use by muskoxen in 
northern Alaska 

Effects of aircraft 
overflights on 
muskoxen on the 
Arctic National 
Wildlife Refuge, 
1982-1985 

Investigators 

D. Russell 
W. Nixon 

K. Whitten 

L. Pank 
C. Curby 
S. Fancy 
W. Regelin 

L. Pank 
P. Kuropat 

C. Benson 
C. Curby 
B. Zimont 
E. Jozwiak 

P. Reynolds 
J. Herriges 
M. Masteller 

P. Reynolds 

C. O'Brian 

P. Reynolds 
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Affiliation 

Canadian 
Wildl. Serv. 

ADF&G, Fairbanks 

USFWS-AFWRC 
Anchorage 
and 
ADF&G, Fairbanks 

USFWS-AFWRC 
Anchorage 

USFWS-AFWRC, 
Anchorage 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

Univ. Alaska, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

Reports 

CWS Report 
Appendix VI 

ADF&G Report No. 1 
Appendix VI 

AFWRC 
Progress 
Report 
Subwork Unit 4 
Appendix VI 

AFWRC Progress 
Report 
Subwork Unit 3 
Appendix VI 

AFWRC Progress 
Report 
Subwork Unit 5 
Appendix VI 

ANWR Progress 
Report No. FY 
Appendix III 

ANWR Progress 
Report No. FY 
Appendix III 

86-2 

86-5 

Work in progress 
(M.S. thesis) 

ANWR Progress 
Report No. FY 86-5-
Impacts 
Appendix V 



Table 1. Continued. 

Chapter 

5. Mammals (cont.) 

Moose 

Brown Bears 

Wolves 

Foxes 

Small 
Mammals 

Project title 

Population size, 
composition, and 
distribution of 
moose along the 
Canning and Kongakut 
Rivers in the Arctic 
National Wildlife 
Refuge, Alaska, 
spring and fall, 1985 

Ecology of brown bears 
inhabiting the coastal 
plain and adjacent 
foothills and 
mountains of the 
Arctic National 
Wildlife Refuge 

Habitat use and 
behavior of grizzly 
bears in the Arctic 
National Wildlife 
Refuge, Alaska 

Wolves of ANWR 
their seasonal 
movements and 
prey relationships 

Investigators 

G. Muehlenhardt 
G. Garner 

G. Garner 
H. Reynolds 
M. Masteller 
J. Herriges 
G. Weiler 

M. Phillips 

G. Weiler 
G. Garner 

Food habits of denning G. Weiler 
wolves on the Arctic 
National Wildlife 
Refuge 

Den-site behavior H. Haugen 
summer diet, and skull 
injuries of wolves in 
Alaska 

Investigation of R. Burgess 
patterns of vegetation, 
distribution and 
abundance of small 
mammals and nesting 
birds and behavioral 
ecology of arctic foxes 
at Demarcation Bay, 
Alaska 

A microtine rodent C. Babcock 
population increase in 
1985 on the coastal 
plain of the Arctic 
National Wildlife 
Refuge, with notes on 
predator diversity 

Vegetation patterns 
and microtine rodent 
use of tundra 
habitats in north
eastern Alaska 

C. Babcock 
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Affiliation 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR, Fairbanks 
ADF&G, Fairbanks 
USFWS-ANWR, Fairbanks 

Univ. Alaska, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR, 
Fairbanks 

USFWS-ANWR 
Fairbanks 

Univ. Alaska 
Fairbanks 

Univ. Alaska, 
Fairbanks 

Uni v. Alaska, 
Fairbanks 

Reports 

ANWR Progress 
Report No. FY 86-9 
Appendix III 

ANWR Progress 
Report No. FY 86-12 
Appendix III 

M.S. thesis 

ANWR Progress 
Report No. FY 86-7 
Appendix III 

ANWR Progress 
Report No. FY 86-19 
Appendix III 

M.S. thesis 

M.S. thesis 

ANWR Progress 
Report No. FY 86-1 
Appendix III 

M.S. thesis 



Table 1. Continued. 
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6. Fish 

7. Human Culture 
and Lifestyle 

Project title 

Fisheries 
investigations in 
Beaufort Lagoon, 
Arctic National 
Wildlife Refuge 

Fall movements and 
overwintering of 
arctic grayling in 
the Arctic National 
Wildlife Refuge 

Age, growth, 
distribution, and 
summer feeding habits 
of arctic flounder in 
Beaufort Lagoon, 
Arctic National 
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Chapter 2 

DESCRIPTION OF THE STUDY AREA 

No new information was acquired in 1985 to update this chapter. 
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Chapter 3 

SOILS AND VEGETATION 

Land Cover Mapping 

A Landsat-assisted land cover mapping effort of the entire Arctic National 
Wildlife Refuge (ANWR) including the study area was conducted in 1983 and 1984 
by C. Markon, S. Talbot, and B. Kirk, (U.S. Fish and Wildlife Service (USFWS) 
Alaska Regional Office), M. Shasby and L. Strong (U.S. Geological Survey), and 
L. Pank (USFWS Alaska Fish and Wildlife Research Center (AFWRC)). Final maps 
were completed in 1985. Modifications were made to the Walker et al. (1982) 
classification scheme and 22 classes of land cover were identified and described 
(see Appendix I). The estimated areas of each land cover class in the coastal 
plain study area are shown in Table 1. 

Table 1. Areas and proportions of Landsat land cover classes within the 
coastal plain study area, Arctic National Wildlife Refuge. 

Landsat cover class 

Forest: 
Deciduous forest/tall shrub 

Total 

Scrub: 
Dry prostrate dwarf scrub 
Moist prostrate dwarf scrub 
Mesic erect dwarf scrub 

Herbaceous: 
Very wet graminoid 
Wet graminoid 
Moist/wet tundra complex 

Total 

Moist graminoid tussock tundra 
Total 

Scarcely Vegetated: 
Scarcely vegetated scree 
Scarcely vegetated floodplain 
Barren floodplain 
Barren scree 

Total 

Other: 
Clear water (lakes, ponds, rivers) 
Clouds - snow - ice 
Shallow water 
Offshore water 
Shadow 

Total 

Total coastal plain area 

Area 
(Hectares) 

_8 
8 

4,180 
157,497 
45.730 

207,407 

1,582 
85,564 
96,583 

184.680 
368,409 

174 
8,539 

12,282 
93 

21,088 

6,997 
1,024 
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16,545 

470 
25,218 

622' 130 
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Proportion 
(%) 

0.7 
25.3 
_]_J 
33.3 

0.3 
13.8 
15.5 
29.7 
59.3 

tr 
1.4 
2.0 

___t.r 
3.4 

1.1 
0.2 
tr 

2.7 
___t.r 

4.0 

100.0 



During August 1985, an accuracy assessment of the Landsat-derived land cover map 
was conducted by L. Pank and P. Kuropat (USFWS Research Division), B. Kirk (USFWS 
Alaska Regional Office), and N.A. Felix (USFWS-ANWR). Twenty-two transects were 
selected to represent the 5 physiographic regions found in the refuge and the 
7 different Landsat scenes used to produce the map. Transects were located 
between discrete surface features, such as mountain peaks or the confluence of 
2 rivers, to enable observers to find the exact locations on the ground. 
Additionally, an attempt was made to place each line so that it intersected as 
many cover types as possible within an area. 

Three observers independently determined land cover types along each transect. 
The observers were carried by helicopter to each of the transect lines. Several 
passes at low altitude were made over each line, and stops were made along the 
transect when observers needed a closer look. The observers recorded land cover 
types along the transects on color infrared aerial photographs (2x enlargements 
of 1:60,000 scale high altitude photography). In addition, several areas, which 
had homogeneous land cover on the Landsat maps, were outlined near each transect. 
These areas were visited on the ground and land cover determinations were made. 

The differences and similarities between each observer and the Landsat map, and 
among the 3 observers were tabulated. Each observer evaluated the areas where 
they were not in agreement with the map, and attributed the disagreement to one 
of the following sources of error: 

1. Classification errors - errors due to incorrect assignment of classes 
during the data handling andjor map printing steps, 

2. Cut point errors - errors between closely related land cover types due 
to a lack of clarity or precision in the class definitions, 

3. Description errors - errors due to class definitions that were not 
complete or detailed enough to allow the observer to accurately determine 
which vegetation communities areas belonged in that class, 

4. Resolution errors - small errors, usually differences in dividing classes 
along the transect, which are probably due to the resolution of the 
Landsat data, 

5. Observer errors - errors attributed to incorrect calls by the observer. 

Preliminary analyses showed a large amount of disagreement between the Landsat 
map and the 3 observers. There were also many disagreements among the observers, 
indicating that better definitions of the land cover classes are needed to allow 
consistent ground identifications. Detailed analyses of the data are in 
progress. 

Other Studies 

A study of soil evolution and biogeochemical dynamics at Okpilak Lake, about 13 
km south of the study area in the foothills of the Brooks Range, was continued 
by David Marrett of the University of Washington in June - September 1985. In 
1984, the main objectives of the study included: 

1. collections of soil solutions from both Spodosols and Inceptisols; 
2. extensive soil description and sampling; 
3. collection of weather and soil climate data; 
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4. descriptions of plant communities; 
5. initial soil respiration studies. 

The soil solutions showed clear differences between Spodosols and Inceptisols, 
but no seasonal differences (Marrett et al. 1985). Inceptisol solutions were 
less acidic, lower in organics, iron, and cations, and higher in inorganic anions 
(including nitrate and phosphate) and aluminum. Analyses of bulk soil samples 
showed that pH followed the expected trend of soil acidification with time. 
Reactive metal oxides (Fe, Al, Si, Mn) showed unexpected high levels in early 
stages of soil development. The chemical attributes of Spodosols were present 
in profiles of earlier stages than the morphological attributes. Plant community 
analyses by Dr. Nancy Grulke verified the existence of 5 distinct upland 
communities. The successional stages used as a basis for relative age of sorted 
circles showed a progression from stage 1 to stage 6 based on cover of vascular 
and nonvascular plants. No information is available on the objectives or results 
of soil studies conducted during the 1985 field season. 

A study of revegetation on disturbed areas in the dwarf shrub communities at 
Okpilak Lake was conducted by Grulke in 1985 (Grulke 1987). Degradation and 
recovery of plant communities were monitored on sections of footpaths from 
mid-June to mid-August. Changes in plant cover and numbers of species were 
measured biweekly on a new trail established on June 15. Most species were 
greatly impacted by trampling, and much of the decrease in plant cover occurred 
during the first 2 weeks of use. The average decrease in total number of plant 
species in the 4 communities studied was 9, from an average 25 plant species in 
the undisturbed communities to 16 after disturbance. Decreases in plant cover 
were 8-58% for vascular plants, 15-29% for lichens, and 14-25% for mosses at the 
2 plots where mosses were common. The largest decreases in moss cover occurred 
in Aulacomnium palustre, Hylocomnium splendens, and Racomitrium lanuginosum, 
while Ceratodon purpureus, Dicranum spp., and Polytrichum spp. were little 
affected by disturbance. 

Recovery of plant species on 1984 trails which were abandoned in 1985 was 
monitored monthly in 3 plant communities. Small amounts of recovery were evident 
over the 2 month period. The total number of species increased by 1 to 6 plants 
on the 3 sites. Vascular plant cover increased 2 to 4%, while moss and lichen 
cover increased 4% on 1 plot, but were variable on the other 2 plots. The only 
vascular plant which showed a measurable increase in cover was Betula nana which 
increased from 3% to 7%. Vegetative sprouts and new leaves were reported on 
Vaccinium vitis-idaea and y. uliginosum on 1 plot. 

Further studies were conducted to determine the success of transplanted species 
and seeded species on disturbed sites. Twenty shoots of each of the common shrub 
species were transplanted on bare soil in a previously disturbed area between 
July 10 and 15. The vigor of each shoot (100% green tissue remaining, 75%, 50%, 
25%, or dead) was rated 1 month later. The success of the transplanted species 
was in the following order from most successful to least successful: Vaccinium 
vitis-idaea, Arctostaphylos alpina, Empetrum nigrum, Cassiope tetragona, Ledum 
palustre ssp. decumbens, Salix phlebophylla, Dryas octopetala, and Vaccinium 
uliginosum. Larger sod blocks (5 em x 5 em) which contained Y. uliginosum and 
y. vitis-idaea were also transplanted. On these sod blocks, y. vitis-idaea had 
a high survival rate (74%:26%), while y. uliginosum had more mortality than 
survival (32%:68%). Seeds of the following species were collected in early June 
and planted on bare soil: Loiseleuria procumbens, Vaccinium vitis-idaea, 
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Vaccinium uliginosum, Arctostaphylos alpina, Empetrum nigrum, Betula ill!.!.@, 

Diapensia lapponica, and Hierochloe alpinum. Four replicates of 25 seeds of each 
species were planted, but none of the seeds germinated. 

Grulke also planned to conduct a survey of seasonal resource availability and 
toxin production of low arctic shrubs utilized by caribou. Shrub species to be 
sampled included Salix planifolia ssp. pulchra, ~. glauca, Betula llill.ill, and Ledum 
palustre ssp. decumbens. Leaf area, leaf biomass, nutrient contents, phenols 
(including tannins), and terpenes (resins, including alkaloids) were to be 
measured on plant samples collected throughout the growing season (June 
August). Current status of this project is unknown. 

Meyers (1985) classified 16 vegetation communities within 6 habitat types in the 
tide-water influenced coastal zone of the study area. A description of species 
cover, general location, soil texture, and soil moisture was provided for each 
community (Meyers 1985, Table 2). A discussion of the influence of environmental 
factors in the distribution of these plant communities was included. The 
intensity and frequency of the most severe storms, sediment salinity, aspect, 
topography, and ice stress appear to be important factors in determining 
community zonation along the coast of the study area. 
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Chapter 4 

BIRDS 

In 1985, a new study which examined behavior, habitat use, and body condition 
of molting oldsquaw (Clangula hyemalis) was conducted. Studies of terrestrial 
bird populations were expanded to 8 locations on the coastal plain, and other 
studies of migratory bird use of coastal lagoons, distribution of golden eagles 
(Aguila chrysaetos) during caribou calving and post calving periods, and ecology 
of staging snow geese (Anser caerulescens) were continued. Annual surveys of 
staging snow geese and tundra swans (Cygnus columbianus) were also conducted. 

Bird Use of Tundra Habitats 

Terrestrial Bird Populations 

In 1985, U.S. Fish and Wildlife Service-Arctic National Wildlife Refuge 
(USFWS-ANWR) biologist R. M. Oates, D.C. Douglas, M. McWhorter, and C.M. Babcock 
completed the final year of work on terrestrial bird populations and habitat use 
of the coastal plain of the refuge. Methods and results are described in ANWR 
Progress Report No. FY86-14: Territorial bird populations and habitat use on 
coastal plain tundra of the Arctic National Wildlife Refuge (see Appendix II). 
Pr.imary study objectives were to determine and compare habitat occupancy levels 
of breeding, resident, and transient birds, to determine breeding, resident and 
transient population density estimates of a quality sufficient to extrapolate 
to total populations of the ANWR, and to determine baseline levels of annual 
and seasonal variations for abundant and conspicuous species. Five breeding 
season (5 June-7 July) and 3 post-breeding season (8 July-15 August) bird 
censuses were conducted on 119 10-ha plots in 7 habitat types (Flooded, Wet 
Sedge, Moist Sedge, Mosaic, Moist Sedge Shrub, Tussock, Riparian) at 8 study 
locations on the coastal plain. Those locations included inland sites on the 
Katakturak River, Jago River (Jago Bitty), Aichilik River, Marsh Creek and 
Niguanik River. Coastal locations were near the Okpilak River, on the Jago 
delta, and on the Sadlerochit River. Data analysis focused on total bird 
numbers, total species, and 5 key breeding species (Lapland longspur, pectoral 
sandpiper, semipalmated sandpiper, lesser golden-plover, and red-necked 
phalarope). 

Plant flowering and bird breeding phenologies were similar to those observed in 
1982-1984. During the reproduction season, Lapland longspurs were most numerous 
in Riparian and upland habitats and common in Wet Sedge habitat. Red-necked 
phalaropes and pectoral sandpipers had significantly higher densities in Flooded 
Habitat and lesser golden-plovers and semipalmated sandpiper densities were 
higher in Riparian habitats. During the post-reproductive season, Lapland 
longspurs densities declined although slight increases occurred in Riparian and 
Moist Sedge- Shrub habitats. Lesser golden-plover densities were higher in 
Flooded habitat at inland locations during the reproductive season than at 
coastal locations. Densities declined at inland sites and increased at coastal 
sites during the post-reproductive season, suggesting a possible coastal shift 
in use of flooded habitat. Riparian and Flooded habitats had the highest 
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densities of birds and the greatest number of species observed during the 
reproductive and post-reproductive seasons. 

Large variations were observed in bird density and numbers of species among 
locations in Riparian and Flooded habitat, possibly due to wide variation in 
physical and vegetation characteristics in these habitat at different locations. 
Mean total bird densities in Wet Sedge habitats were significantly higher at 
Sadlerochit than at other locations during the reproductive season possibly due 
to the effects of willow-dominated strangs on savannah sparrow and Lapland 
longspur habitat use. Moist Sedge habitats at Jago Bitty were relatively more 
diverse than at other locations and supported higher densities of total birds 
than Moist Sedge habitat at other locations. Also, total bird densities 
increased significantly in Moist Sedge during the post reproductive season as 
a result of increases in ptarmigan, lesser golden-plovers, pectoral sandpipers 
and savannah sparrows at most locations. In Tussock habitat, total bird 
densities were similar between reproductive and post-reproductive seasons. 
Lapland longspurs comprised over half the total bird observations at meisic 
Tussock habitat plots. 

The 1985 census data was compared to census data collected at the same locations 
in 1982-1984. Annual variability in bird densities was observed for some 
locations in every species or group tested. Fewer Lapland longspurs were 
observed at Okpilak in 1982 than in 1983 or 1985. Significant differences in 
Lapland longspur and pectoral sandpiper densities in certain habitats occurred 
between 1984 and 1985 with changes in both directions depending on location. 
Densities of semipalmated sandpipers were significantly higher in Mosaic habitat 
at Okpilak during 1982 than in 1983 or 1985 and higher in Flooded habitat in 1985 
than in 1982 or 1983. Sandpiper numbers increased two-fold during 1985 over 1983 
in Riparian habitat at Katakturuk but were lower at Aichilik in 1984. At 
Okpilak, lesser golden plover densities increased significantly in Moist 
Sedge-Shrub from 1982 to 1983 then declined by half in 1985. Plover numbers and 
nest densities increased significantly in Tussock habitat at Sadlerochit from 
1984 to 1985. A three-fold decrease from 1982 to 1983 and a four-fold increase 
from 1983 to 1985 were observed in red-necked phalarope densities in Flooded 
habitat at Okpilak and significant increases in phalarope densities were recorded 
in 1983 to 1985 in Moist Sedge-Shrub and Wet Sedge habitats at Jago Bitty. 
Phalarope densities at Aichilik declined in Moist Sedge Shrub from 1984 to 1985. 
Overall, significant annual variation was observed for mean total bird densities 
and mean number of species in at least some habitats at virtually all locations 
with annual changes heavily influenced by changes in one or several abundant 
species. Food-availability may have been a major factor in annual variation in 
bird use within habitats and locations. 

Variance component analysis was used to calculate the relative percentage of 
the total variation that was associated with each level of the sampling hierarchy 
(location, habitat, plot, census). The relative proportions of sampling 
variability attributable to locations and plots within locations varied between 
bird species, habitats and seasons. Variability among census within study plots 
was often the highest source of variation during the reproductive and 
post-reproductive seasons. This demonstrated the importance of conducting 
several censuses at a given study plot to more accurately estimate mean seasonal 
density. Various patterns of increasing and decreasing avian densities were 
observed during a given season depending on habitat, location and species 
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considered. In most instances, the variability between censuses increased during 
the post-reproductive season. 

Location variability may have reflected site specific differences in habitat 
quality that were not delineated by Landsat classification, such as differences 
in microrelief or food availability or the "chance" sampling of random 
aggregations of bird populations inhabiting an unsaturated environment (Wiens 
1981). The surrounding environment within a location such as distance to major 
landform (ocean or mountains), or proximity of critical habitats (ie. coastal 
lagoons, tundra wetlands, river systems) could have strongly affected suitability 
of a particular area. The locations surveyed in the project were intentionally 
placed in areas with high interspersion of habitat types which may have biased 
the study towards areas with more habitat diversity. Variations in nest 
densities among replicate plots within habitats was usually higher than variation 
among locations within habitats. 

Species Accounts of Migratory Birds 

Species accounts of birds observed in 8 study areas on the coastal plain of the 
refuge were compiled by USFWS-ANWR biologists M. McWhorter, D.C. Douglas, S.D. 
Gehman, J.M. Morton and C.A. Babcock, R. Oates, R. Field and T.C. Maxwell. 
Methods and results are described in ANWR Progress Report No. FY-86-18: Species 
accounts of birds observed at eight study areas on the coastal plain on the 
Arctic National Wildlife Refuge, Alaska (see Appendix II). The accounts describe 
status, breeding chronology, migration and habitat-use for the 86 species of 
birds observed in 1985 during terrestrial bird population studies. 

Tundra Swan (Cygnus columbianus) Surveys 

Two aerial surveys to estimate the number of tundra swans using ANWR coastal 
wetlands were completed by USFWS-ANWR biologists R.M. Platte and A.W. Brackney 
in 1985. Methods and results are reported in ANWR Progress No FY-86-13: 
Distribution, abundance and productivity of tundra swans in coastal wetlands of 
the Arctic National Wildlife Refuge, Alaska, 1985 (see Appendix II). The 1985 
surveys covered areas identical to those flown in 1981-1984. Known areas of swan 
use, termed concentration areas, were defined based on swan observations over 
the 4 year study period. 

The numbers of nests (66) and pairs (127) observed during the 27-28 June 1985 
survey were 15% and 34% lower, respectively, than in 1984. Although decreases 
in nest numbers from 1984 occurred in all concentration areas except the Jago 
Delta, the 22 nests located on the Canning-Tamayariak delta were 45% fewer than 
in 1984. On the Aichilak-Egaksrak-Kongakut delta, numbers of nests were 29% 
lower than 1984. In contrast, the number of nonbreeding adults ~bserved in the 
1985 spring survey increased by 25% from 1984. The total spring adult count was 
403 swans, a net increase of 14 birds (3%) from 1984 and larger than the 3 year 
average of 363.7 adults. 

In the 19-20 August 1985 survey, 485 adult swans were observed, the highest 
number observed in the fall since surveys were standardized in 1981. Of the 82 
additional swans observed in the August survey, compared to June, 70 were 
nonbreeders observed as singles or in flocks. A total of 142 cygnets were 
counted in 1985, a decrease of 23 (14%) from 1984. The number of broods (56) 
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was down 14% from 1984 but close to the 4-year average of 50 ± 21 sd broods per 
year. Numbers of cygnets have averaged 129.5 ± 59.5 sd cygnet/year. Nest 
success in 1985, based on the ratio of broods to nests, was 85% in 1985 compared 
to 63% in 1984. 

During the 3 years of nesting surveys on ANWR, the Canning-Tamayariak river 
delta and the Aichilak-Egaksrak-Kongukut river delta were the most productive 
areas with an average of 29.3 ± 9.5 sd and 24.7 ± 4.2 nests/year respectively. 
The Hulahula-Okpilak river delta averaged 11.7 nests/year. The 
Aichilak2Egaksruk-Kongakut river d2lta had a higher mean density of nests (0.22 
nests/km ~· broods (0.13 broods/km ), and spring and fall adults (1.06 and 1.2 
adultsjkm ) than other areas. A comparison of ANWR concentration areas with 
arctic locations studied by others showed that adult swan and nest densities on 
ANWR are as high as those elsewhere on the north slope. 

Snow Goose Surveys 

USFWS-ANWR biologists R. Oates, M. McWhorter, G. Muehlenhart and C. Bitler 
completed surveys to document the 1985 distribution, abundance, and productivity 
of snow geese staging on the ANWR coastal plain. Methods and results are 
reported in ANWR Progress Report No. FY86-10: Distribution, abundance and 
productivity of fall staging less snow geese on coastal habitats of northeast 
Alaska and northwest Canada (see Appendix II). Surveys of snow geese staging 
in ANWR were initiated in 1973 and have been flown by refuge staff for the past 
8 years. Objectives of the surveys were to determine chronology of migration 
and staging, to estimate the distribution and numbers of snow geese present 
during the peak of staging, to estimate the percent young present during staging, 
and to identify areas used consistently by staging snow geese. 

An area between the United States-Canada border and the Hulahula River on ANWR 
was flown along a pre-determined grid of north-south flight-lines at 150m above 
ground level. Two USFWS-ANWR biologists flew the Alaskan portion of the survey 
on 31 August and 11 September 1985 after a reconnaissance flight on 25 August. 
Canadian Wildlife Service (CWS) biologists flew the portion from Demarcation Bay 
to the Bathurst Peninsula NWT, Canada during the same time period. The report 
summarized data from the Alaskan portion of the survey. Estimated flock sizes, 
direction of movement, type of flight, and behavior were recorded and flocks were 
photographed. Numbers of geese in 37 enlarged photographs were counted 
independently by 3 counters to obtain estimates of counter variability, and some 
photographs were counted twice by the counters to estimate within counter 
variability. Estimates of snow geese numbers in all flocks were corrected for 
errors with a prediction equation produced by linear regression of observer 
estimates against mean photo counts. 

The first snow geese sighted during the fall of 1985 were observed on 14 August 
at Niguanak Lake. A 25 August reconnaissance flight revealed 45 flocks totalling 
5720 birds (uncorrected estimate) scattered from the Clarence River to Okpilak 
River. The first intensive survey of the ANWR coastal plain on 31 August 
resulted in a corrected estimate of 166,544 snow geese observed in 194 flocks 
between the Clarence River and Itkilyariak Creek. On 11 September a second 
intensive survey was flown. A corrected total of 312,473 geese in 300 flocks 
were observed between the Clarence River and Simpson Cove. T. Barry (pers. 
comm.) completed the Canadian survey the following day and observed 197,850 geese 
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tween Tuktoyuktuk and Shingle Point and another 97,162 geese on the Yukon north 
slope for a total of 607,485 snow geese in the population. Heavy snow and high 

.:<northwest winds on 15 September precipitated a mass departure of geese from the 
,refuge. When aircraft operations resumed on 18 September no geese were seen on 
the ANWR coastal plain. 

Ecology of Staging Snow Geese 

In 1985, a study of feeding ecology and energetics of snow geese staging on ANWR 
was continued by USFWS-ANWR biologists A.W. Brackney, R.M. Platte, J.M. Morton, 
and D. Whiting. Methods and results are summarized in ANWR Progress Report No. 
FY86-ll: Ecology of lesser snow geese staging on the coastal plain of the Arctic 
National Wildlife Refuge, Fall 1985 (see Appendix II). Study objectives were 
to quantify the normal daily activity patterns of staging snow geese, to 
determine the types of foods consumed, to quantify changes in body protein and 
body lipid levels, to determine the caloric and protein quality of foods 
ingested, and to develop a model of energy expenditure and intake by staging snow 
geese. 

A total of 112 geese were collected during the arrival and departure phases of 
the study in 1984 and 1985. Food items from esophageal and proventricular 
samples were identified, counted, weighed, and body composition was assayed by 
commercial laboratories. Time budgets were quantified in both years. Of the 
112 geese collected, 74 (66%) contained identifiable material in the esophagus 
or. proventriculus. Arriving geese had consumed the shoots of horsetails 
(Eguisetem variegatum) in highest quantity (44. 7% of aggregate dry weight). 
Departing geese had eaten the stem bases of common cottongrass (Eriophorum 
angustifolium) almost exclusively (58.8% of aggregate dry weight). During time 
budget studies, snow geese were commonly observed during the arrival period on 
river terraces and gravel bars where horsetails were most common, but the geese 
soon shifted to tundra habitats as staging progressed after senescence of the 
vegetation. Geese were also observed foraging on abundant stands of common 
cottongrass along the edges of thermokarst pits. 

Common cottongrass stem bases were hand-picked for nutritional analysis, (caloric 
density, protein, carbohydrate, fiber, fat) and the esophagus and proventricular 
contents of collected geese were analyzed for caloric density, fiber and ash. 
Droppings were also collected and analyzed for caloric density, fiber and ash. 
The hand picked samples contained maintenance levels of crude protein (12%), high 
levels of total nonstructural carbohydrates (TNC, 16.2%), and low levels of fat 
(1.3%). The total dry matter digestibility of the forage was estimated at 29.5%, 
but may have been lower due to high levels of cellulose (16.7%) and lignin 
(10.1%). Cellulose was used as an indigestible marker to estimate apparent 
metabolizable energy of the snow goose diet at 7.34 kj/g. 

Both sexes of adult and juvenile show geese showed significant weight gains 
between the arrival and departure collection periods (Appendix II, ANWR Progress 
Report No. FY86-ll, Table 7). No detectable growth occurred in juveniles, and 
nearly all weight gain consisted of body fat. Daily fat gain, estimated by 
linear regression, was higher in 1985 than 1984 in all age/sex classes. In 1985, 
adults added fat at a significantly higher rate than juveniles. In 1985 adults, 
22.5 and 21.5 g fat/day were added by males and females, respectively. Gain by 
juveniles was 10.6 g fat/day by males and 11.7 g fat/day by females. 
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Time budget observations were taken on 429 individual snow geese totaling 11,006 
instantaneous scans during 1984 and 1985. The scans were pooled by 4-hour time 
block for each day of observation. Since qualitative observations indicated that 
they did not feed at night, the assumption was made that the geese rested during 
the period of darkness. Adult spent more time feeding in the early morning 
(58.8%) and evening (59.5%) than during mid-day (46.8-48.6%). Juveniles were 
more consistent and spent an average of 67.2% to 75.9% of each 4-hour time period 
feeding. Adults and juveniles spent an estimated 8.1 hr/day and 11.7 hr/day 
feeding, respectively. Juveniles were apparently less efficient than adults in 
locating and extracting the stem bases of common cottongrass. Geese flew an 
average of 0. 94 hrsjday with significantly more flying in the early morning 
(10.3%) when they were leaving night roost locations for feeding sites. 

Effects of Aircraft Disturbance on Snow Geese 

An energetics model was developed by USFWS-ANWR Biologist A. W. Brackney. Methods 
and results are summarized in ANWR Progress Report No. FY86-6-Impacts: Effects 
of aircraft disturbance on the energetics of staging lesser snow geese: a model 
(see Appendix V). The model estimated daily energy intake and expenditure from 
the estimated energy cost of tissue gain, thermoregulatory costs, activity costs, 
metabolic fecal and endogenous urinary energy costs, and specific dynamic effect. 
The model estimated the daily energy expenditures at 1759 kj/day and 1623 kj/day 
in male and female adults, respectively, and 1361 kj/day and 1302 kj/day in 
juvenile males and females, respectively. True metabolizable energy (TME) intake 
was estimated at 2969 kj/day in adult males and 2779.7 in adult females. For 
juveniles, the model predicted a TME intake of 1932 and 1930 in males and 
females, respectively. Estimated productive energy (cost of tissue gain) in 
adults (males = 1210 kj/day, females = 1156 kj/day) was close to twice that of 
juveniles (males= 570.8 kj/day, females= 627.9 kj/day). 

The model was used to predict the effect of aircraft disturbance on the 
energetics and daily fat gain of the geese. In the model, it was assumed that 
the geese would respond to each aircraft disturbance with alert behavior for 3.4 
min. and flight behavior for 2.3 min. (calculated from data of Davis and Wisely 
1974). No flying, as a result of habituation, was assumed for 11% of the 
simulated aircraft overflights. As the number of aircrafts overflights 
increased, the percentage of time the geese took flight was decreased 
exponentially from 89% to 36%. 

Behaviorial compensation, the substitution of feeding behavior for other 
behaviors, was examined at a compensation level of 0%, 50% and 100% of nonfeeding 
behaviors. The model predicted that juvenile fat gain would be cut in half at 
25, 50, and 66 aircraft overflights/day at 0%, 50% and 100% compensation, 
respectively. Adult fat gain would be halved at 38, 78, and 98 overflights/day 
at 0%, 50% and 100% compensation. In general, the model clarifies the importance 
of various aspects of snow goose response to aircraft disturbance. Although the 
energetic costs of flight-escape and alert responses to disturbance were 
important without nonflight habituation and compensation, the loss of feeding 
time and reduced energy intak~ was the most critical aspect of disturbance. 
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· Golden Eagle Distribution 

In 1985, as in 1984, USFWS-ANWR biologist F.J. Mauer documented the distribution 
and relative abundance of golden eagles in relation to the Porcupine caribou 
(Rangifer tarandus) herd during the calving and post-calving period in 1985. 
Methods and results of these surveys are presented in ANWR Progress Report No. 
FY86-4: Distribution and relative abundance of golden eagles in relation to the 
Porcupine caribou herd during calving and post-calving periods, 1985 (see 
Appendix II). Observations were recorded by ground crews engaged in terrestrial 
bird studies at 8 locations, and by biologists conducting radio- tracking surveys, 
capture operations and other aerial operations associated with caribou, bear and 
wolf studies. New and previously known nest sites locations were surveyed from 
fixed wing aircraft, helicopter and ground access. 

A total of 400 golden eagles were sighted, some of which were probably observed 
repeatedly during the study period of 7 April to 26 September 1985. Of the 
observed eagles which could be classified according to age (n=240), 79% were 
subadult and 22% were adult birds. Most observations (68%) were recorded in 
areas currently occupied by caribou or in areas where c.aribou had recently been 
observed. In areas unoccupied by large numbers of caribou, the frequency of 
reported golden eagle sightings was low and there was no indication of eagle 
concentrations in these areas. The frequency of golden eagle observations 
recorded in 1985 followed a pattern similar to that of 1984. Observations 
steadily increased after the caribou calving and peaked during the post-calving 
period (20-30 June). Three of 14 mortalities (21%) among 62 radio-collared 
calves were the result of golden eagle predation (Appendix III, ANWR Progress 
Report No. FY86-6: Calving distribution, initial productivity and neonatal 
mortaity of the Porcupine caribou herd). 

A total of 19 golden eagle nests were investigated in 1985. Only 1 of 8 
located adjacent to the caribou calving habitat contained young eagles. 
nests were occupied by adults; 2 of these contained an addled egg. 

Raptor Surveys 

nests 
Three 

During 7-20 June 1985, USFWS biologist M. Amaral (Endangered Species, Region 
7), in the company of D. James (Endangered Species, Washington office), surveyed 
known and potential raptor nesting areas on the ANWR north slope. Due to lower 
than average water levels in many rivers, the investigators relied on helicopter 
support, and hiked portions of the Aichilik, Jago, Kekikuk, Sadlerochit, and 
Katakturuk, and Canning Rivers. 

Peregrine falcons (Falcon peregrinus) were found at 3 nesting locations on ANWR 
north of the Brooks Range in 1985 (2 pairs and 1 single bird). On the Aichilik 
River the investigators observed 1 pair of nesting peregrine falcons and 4 pairs 
of golden eagles (1 nesting). At 4 sites on the Sadlerochit were found 1 active 
gyfalcon (Falco rusticolus) nest, 1 non-nesting pair of golden eagles, 1 pair 
of nesting rough-legged hawks (Buteo lagopus) and one unoccupied site. The 
Katakturuk supported 1 pair of nonnesting golden eagles, and 2 actively nesting 
pair of gyfalcons. Along the Canning river 1 active peregrine falcon nest, 2 
active golden eagle nests, 1 active gyfalcon and 2 active rough-legged hawk nests 
were found. Two pairs of ravens were also observed with young in the nest. 
Altogether, 51 species of birds were tallied during the surveys. 
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Observations of peregrine falcons were made at 4 of 7 tundra bird camps on the 
co as tal plain (Appendix II, ANWR Progress Report FY86 -14: Terri to rial bird 
populations and habitat use on the coastal plain tundra of the Arctic National 
Wildlife Refuge). Of 23 peregrine observations reported during the period, June 
11 through August 29, most were adults in flight. The presense of these 
individuals, which may have been nonbreeders or foothill nesting birds, indicate 
that recovery of the population in the region is underway. 

Bird Use of Lagoons and Offshore Habitats 

Lagoons Surveys 

Standardized surveys of the ANWR lagoon system were completed by USFWS -ANWR 
biologists A.W. Brackney, R.M. Platte and J.M. Morton in 1985. Methods and 
results are reported in ANWR Progress Report No. FY86-15: Migratory bird use 
of the coastal lagoon system of the Beaufort Sea coastline within the Arctic 
National Wildlife Refuge, Alaska, 1985 (see Appendix II). The major objective 
of these 1985 surveys was to obtain an index of relative numbers of migratory 
birds using coastal lagoons with emphasis on oldsquaw molting in selected 
lagoons. Four new lagoons were surveyed in 1984 and 1985 in addition to the 10 
lagoons and an offshore transect flown in 1981-1983. Two aerial surveys were 
flown on 26 July, and 15 August 1985 along predetermined routes at an altitude 
of 30 m. 

A total of 17 species of birds were observed during each survey with 21,478 
birds observed on 26 July and 19,605 on 15 August. An average of 16.6 bird 
species per survey (N=l5) have been sighted during 5 years of aerial lagoon 
surveys. 

Estimated numbers of oldsquaw in the 10 select lagoons and 400 m offshore area 
were 19,885 on 26 July and 18,103 on 15 August 1985. Oldsquaw made up 92.3% to 
92.6% of the total birds present in those lagoons. In all 14 lagoons surveyed, 
oldsquaw totaled 24,204 and 20,630 on 22 July and 15 August, respectively. The 
additional lagoons contained 17.8% of the oldsquaw in the lagoons on 22 July, 
and 12.3% on 15 August. Oldsquaw densities in the 10 select lagoons were 
consistent with past years and

2
in the middle range of past su2veys. Overall 

densities were 54.7 oldsquaw/km on 26 July and 49.8 oldsquawjkm on 15 August. 

The 400 m offshore transect accounted for 18.7% and 15.0% of the oldsquaw along 
the coastline on 26 July and 15 August 1985. The number and proportions of 
oldsquaw in the offshore transect did not increase during the season as in past 
years, possibly due to mid-August departures of large numbers of oldsquaw. 

In order to summarize the results of the 5 years of surveys and evaluate trends, 
weekly mean numbers of oldsquaw and all birds species were calculated for the 
10 lagoons and the offshore transect. Total bird numbers increased early in the 
season with a peak in early to mid-August. The majority of birds observed in 
the lagoons and offshore were oldsquaw. Mean oldsquaw numbers peaked during 
early-August and then declined sharply from mid-August to September. 

To compare the relative value of the 10 selected lagoons, an index was calculated 
from the density ratio (lagoon density/grand density), the proportion of birds 
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r lagoon, and the mean number of species present (Appendix II, ANWR Progress 
·Beport FY86-15, Table 6). This index was devised to compare the importance of 
the lagoons for waterbirds with respect to density, total population use, and 
species richness. Density ratio and proportion were used to make the index 
independent of temporal variations in total population size between aerial 
censuses. High species richness and a large proportion of the birds observed 
during surveys (primarily oldsquaw) placed a relatively higher value for all 
birds on Demarcation Bay, Jago, and Nuvagapak Lagoons. Medium value lagoons were 
Oruktalik, Tamayariak, and Simpson Cove. Tapkaurak, Arey, Brownlow, and Egaksrak 
lagoons rated low despite the high species richness in Egaksrak and Arey Lagoons. 
A similar measure of relative value for oldsquaw showed a high value for 
Oruktalik, Jago, Simpson Cove, and Demarcation Bay, medium value for Nuvagapak, 
Tamayariak, and Tapkaurak lagoons, and low values for Arey, Brownlow and Egaksrak 
lagoons. 

The relative value measures were compared with the physical characteristics of 
the lagoons (Appendix II, ANWR Progress Report No. FY86-15, Table 7) by multiple 
regression. A positive association existed between the proportion of oldsquaw 
in a particular lagoon and water depth and lagoon area. The number of species 
in a lagoon was positively dependent on shoreline length. All other physical 
characteristics had little effect on species richness. Long shorelines length 
may have resulted in a higher probability that nontypical and semi-aquatic birds 
species entered the lagoon. 

Seyeral scenarios involving various combinations of the transects along the 
barrier islands, mid-lagoon, and shorelines were investigated to find a suitable 
estimator as an alternative to whole lagoon surveys. Areas within transects and 
corresponding numbers of oldsquaw observed were used to determine densities for 
each alternative. Regression estimators of the lagoon density were calculated. 
Only lagoons with more than 3 transects were used in the regression analysis. 
No combination of the traasects proved to be an adequate estimator of oldsquaw 
de~sity. The method of Johnson and Richardson (1981) was the most tenable 
(R =0.78). In this method the mid-lagoon and shoreline transects were used to 
estimate the number of oldsquaw in the lagoon outside of the barrier island area. 
This total was then added to the number inside the barrier island. T2e method 
worked best on lagoon surveys with less than 4300 birds per lagoon (R =0.806). 
However the regression failed to account for nearly 20% of the variance in the 
data. One problem with these estimates was the failure of the mid-lagoon and 
shoreline transects to adequately represent the density in the lagoon outside 
of the barrier island area. 

Oldsquaw Habitat Use and Behavior. 

In 1985, USFWS-ANWR biologist A.W. Brackney and R.M. Platte initiated a study 
to examine the dependance by oldsquaw on various lagoon habitats and available 
food resources during molt. Methods and results of the study are presented in 
ANWR Progess Report No. FY86-17: Habitat use and behavior of molting oldsquaw 
on the coast of the Arctic National Wildlife Refuge, Alaska, 1985 (see Appendix 
II). Objectives were to determine changes in oldsquaw body condition during 
molt, to determine behavioral changes with weather and between habitat types, 
and to quanitify the diet of molting oldsquaw and compare that information with 
other studies. 
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The study was conducted at Beaufort Lagoon, Angun Lagoon and Pokok Bay. Time 
budgets of oldsquaw in various habitat types were quantified and 100 oldsquaw 
were collected for analysis of diet and body condition. Wet weights of the 
specimen, (whole and plucked), dissected organs (heart, liver, gizzard), muscles 
(right breast, right leg) and body fat (abdominal, subcutaneous) were taken. 
Each oldsquaw was categorized by sex and placed in l of 4 molt classes based on 
the length of the lOth primary feather. 

Foods in the oldsquaw esophagus (N=l8) were composed primarily of crustaceans 
and mollusks (Appendix II, ANWR Progress Report No. FY86-17, Table 1). Specific 
taxa of importance were amphipods (30.3% of aggregate volume) gastropods (16.5%) 
and mysids (12.8%). The diet of oldsquaw collected in 1985 was substancially 
different than other studies along the Beaufort Sea coast where mysids were most 
important. 

Of 4 independent variables (habitat, water depth, wave height, and time of day) 
only habitat had a significant influence on feeding behavior (Appendix II, ANWR 
Progress Report No. FY86-17, Table 2). Significantly higher proportions of 
oldsquaw in flocks were observed feeding while in passes (53.0%) than in other 
aquatic habitats. Likewise, significantly more oldsquaw were feeding while in 
the open water of lagoons (20.9%), in the ocean (27.1%), and along ocean mainland 
shorelines (34.3%), then along barrier islands of the lagoons (4.5%), ocean 
(4.5%), lagoon spits (3.1%), or along lagoon mainland shorelines (7.6%). 
Oldsquaw on land also exhibited significantly less feeding (0.1%) than in all 
other habitats (P 0.05). The increased feeding behavior by oldsquaw in open 
water habitats coincides with a higher biomass of epibenthic invertebrates in 
mid-lagoon areas (Griffith and Dillinger 1981). 

Body weights were variable and not significantly different between molt stages 
despite a decrease (62.2 g in males, 9.5 g in females) from premolt to early 
molt. Males showed significant losses of 65.9 g plucked body weight from premolt 
to early molt. Male body weights increased from early to late molt but the 
differences were not significant. In males, a 91% decrease in abdominal fat 
weight occurred. Initially, both male and female oldsquaw had significant 
decreases in Protein Reserve Index (sum of breast, leg, gizzard and· heart 
weights) from premolt to early molt followed by a significant gain in protein 
reserves in males from the mid to late molt stages. Theses changes were driven 
by a significant 52% drop in breast muscle weight from premolt to early molt and 
a gain (nonsignificant) in mean breast muscle weight from mid to late molt. Leg 
muscle weights varied in the opposite direction. 

The fact that oldsquaw spent a majority of their time resting and preening while 
catabolizing body protein and fat reserves suggested that feeding behavior may 
have been attenuated for physiological or environmental reasons. Oldsquaw in 
all stages of primary feather molt were highly dependent on several lagoon 
habitats for food and shelter. Barrier islands and internal lagoon spits served 
as shelter from prevailing northeast winds and for basking/loafing sites. 
Loafing on islands and spits probably reduced thermoregulatory costs and such 
locations were less accessible to predators. Passes between barrier islands 
allowed temporally high food resources and access to the open ocean and lagoon 
habitats. Open water, under suitable conditions, provided the necessary food 
resources to meet the high energy and protein costs of molt. In their state of 
reduced mobility, molting oldsquaw may be highly susceptible to habitat 
alteration and perturbations of the food web. 
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Lagoon Invertebrates 

Final analysis of a preliminary study by USFWS biologists M.A. Spindler, R.H. 
Meehan, and A.W. Brackney on the distribution and abundance of invertebrates 
and water quality in coastal lagoons of the refuge was completed. Methods and 
results are described in ANWR Progress Report No. FY86-24: A preliminary study 
of epibenthic invertebrates and water quality in coastal lagoons of the Arctic 
National Wildlife Refuge (see Appendix II). The objectives of the study were 
to document the abundance and distribution of invertebrate food sources in 
relation to oldsquaw lagoon use. In July-August 1981, invertebrate sampling was 
conducted in 9 lagoons with a modified cluster drop-net. A sampling station was 
set up at each of 3 habitat types (barrier island, mid lagoon, and shoreline) 
in each lagoon. Multiple stations were sampled at Brownlow and Tamayariak and 
stations in Jago, Kaktovik, and Arey Lagoons were sampled during 2 time periods. 
Five drop net samples were taken per station. Salinity, temperature, depth and 
visibility and bottom type were sampled concurrently. 

No significant differences were found in numbers of mysids, amphipods, large 
amphipods (Onismus sp. & Gammarus sp.) or total invertebrates between lagoons 
or between habitat types. 

Significant differences in total invertebrate numbers were found between stations 
in the same habitat types at Brownlow lagoon. At Tamayariak, large differences 
existed between barrier island stations in total numbers of invertebrates, 
amphipods, and total amphipods. Mid-lagoon stations were significantly different 
in total invertebrates and mysid numbers. Temporal variability in invertebrate 
abundance also occurred at stations in 3 lagoons that were sampled a second time 
in late August or early September. Measurements of surface temperature, bottom 
temperature, surface salinity, bottom salinity, depth, and visibility were not 
correlated with invertebrate abundance. Invertebrate abundance was not 
significantly different between bottom types (sand, mud, peat, mixed). No clear 
trends in invertebrate abundance with any lagoon, habitat, or water quality 
parameter were detectable at the level of sampling conducted in the study, 
therefore no association between lagoon-use by oldsquaw and invertebrate 
abundance could be examined. The high spatial and temporal variability in 
invertebrate numbers will necessitate a complex and intensive sampling plan 
before future studies can delineate trends in invertebrate distribution and 
abundance within and between lagoons. 
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Chapter 5 

MAMMALS 

In 1985, ecological studies of ungulates, predators, and small mammal species 
were continued on the coastal plain of the Arctic National Wildlife Refuge (ANWR) 
by U.S. Fish and Wildlife Service (USFWS) biologists. Field work or data 
analysis on brown bear (Ursus arctos) food habits and behavior, muskox (Ovibos 
moschatus) habitat use, and the ecology of small mammals were continued by 
University of Alaska Fairbanks (UAF) graduate students. Caribou studies by other 
agencies were also completed. 

Ungulates 

Caribou (Rangifer tarandus) 

Porcupine Caribou Herd 

Fall and Winter Distribution. Movements. and Mortality: Results of radio
tracking surveys during the winter of 1984-1985 were summarized by Alaska 
Department of Fish and Game (ADFG) biologist K.R. Whitten, USFWF-ANWR biologists 
F.A. Mauer and G.W. Garner, and Canadian Wildlife Service (CWS) biologist D.D. 
Russell. Methods and results are presented in ANWR Progress Report No. FY86-
21: Fall and winter movements, distribution, and annual mortality patterns of 
the Porcupine caribou herd, 1984-1985 (see Appendix III). In Alaska, surveys were 
flown once in August, September and November 1984, in February and April 1985 
and also twice in May 1985. In Canada, surveys were flown numerous days in July 
and once in August, September, November and December 1984, and in May 1985. 
Southward migration of the Porcupine caribou herd through the Brooks Range 
occurred in July 1984, earlier than in previous years. Movements appeared to 
be influenced by weather. Snow storms in late August 1984 apparently stimulated 
a rapid southeasterly movement of caribou in Alaska to Canada north of Old Crow. 
During mild September weather, caribou drifted north with some animals moving 
back into Alaska by mid-November. 

An estimated 50,000 caribou remained on traditional ranges in Alaska throughout 
the winter and about 90, 000 caribou wintered in the northern Richardson mountains 
and Yukon north slope in Canada. Calves and adult cows were distributed 
similarly in these two areas, but the majority of bulls may have wintered in 
Canada. Spring migration in Alaska was underway up the Sheenjek River by mid
April 1985. 

First year mortality was estimated to be 38%, based on observations of 58 radio
collared calves. Male calves had a higher first year mortality (53%) than female 
calves (23%). Mortality of calves apparently occurred in mid-winter as calves 
survived well into fall, after the brief period of mortality which occurred 
immediately after parturition. Annual mortality of caribou older than calves, 
based on observations of 70 radio-collared animals, was 11%. But mortality among 
animals older than 3 years was greater (32%, X2- 6.07.,df -1, P< 0.05) than 
animals of age 1 to 3 years (5%). 

Predation/scavenging was thought to be the major cause of mortality of both 
calves and adults. Wolves were the suspected predator in mortalities of calves 
and at least 2 adult cows. Three adult cows and a yearling bull were killed by 
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brown bears. Hunting accounted for 11% of the adult mortality and 5% of the calf 
mortality. Relatively high calf survival and yearling recruitment as well as 
low to moderate adult mortality indicated that the Porcupine caribou herd was 
increasing. 

Calving distribution, productivity, and mortality: In 1985, ADFG biologist K.R. 
Whitten and USFWS-ANWR biologist F.A. Mauer and Garner also completed the third 
year of a calving study of the Porcupine caribou herd. Methods and results of 
this study are reported in ANWR Progress Report Number FY86-6: Calving 
distribution, initial productivity, and neonatal mortality of the Porcupine 
caribou herd, 1985 (see Appendix III). Primary objectives of this study were 
to delineate calving distribution of the Porcupine caribou herd and describe 
the characteristics of calving areas, to determine initial productivity and 
mortality, and to measure variation in calf mortality and factors causing 
mortality between different locations or habitat types. Radio-collared adult 
cows were relocated in late May and early June 1985. Low level transects to 
count numbers of newborn calves and cows were flown across calving areas in 
Alaska on 30-31 May 1985. High altitude radio-tracking flights over northern 
winter ranges and areas adjacent to calving grounds were made to locate yearling 
and bull groups. A total of 59 calves were captures and collared on 2-3 June 
and 7 more calves were captured on 5-7 June. Collared calves were monitored at 
least daily and visually located every other day from 2 June through 7 July 
1985. From July through December, calves were relocated monthly. Mortalities 
were investigated and retrieved with the use of a helicopter. 

Spring migration in 1985 followed traditional routes with caribou wintering in 
Alaska moving north and east through the Sheenjek and Coleen drainages into the 
Firth River valley. In 1985, most caribou calved primarily in 2 locations: in 
northeastern ANWR from the Hulahula River to the Ekaluakat River,and in 
northwestern Canada in the hills south of Stokes Point (ANWR Progress Report 
FY86-6, Fig. 1). The peak of calving occurred between 31 May and 1 June for 
radio-collared cows (ANWR Progress Report FY86-6, Fig.4), earlier than other 
years. Initial productivity for these cows was 68% in 1985, not significantly 
different from 1982-1984. 

Captured calves weighed an average of 7. 75 kg and were estimated to be an average 
of 2.5 days old (ANWR Progress Report FY86-6, Table 2). Fourteen calf 
mortalities were recorded between 4 June and 3 September 1985 among the 66 
collared calves (ANWR Progress Report FY86-6, Table 3). Two transmitters failed 
and 4 mortalities may have been study-induced. The natural mortality rate was 
16.8%. Of the 10 natural mortalities, 7 were caused by predators (wolves/bears 
3, golden eagles 3, unknown predator 1). Natural starvation and congenital 
disease were responsible for the mortality of 2 other calves and unknown causes 
killed 1 calf. Nine of these 10 mortalities occurred between 4 June and 1 July. 
Causes of mortality of 25 unmarked calves included 12 (48%) killed by predators 
(wolves 2, golden eagles 10). Nine (36%) died from starvation/pneumonia or 
undetermined disease and 4 (16%) died from other causes (exposure, trampling, 
low birth weight and unknown causes). 

Natural mortality of radio-collared calves from 2 June - 1 July was 15%. This 
was not different from the 17.1% observed for control calves, born to radio
collared mothers. Most (80%) of the natural mortality among collared calves 
occurred in foothills and mountainous terrain (ANWR Progress Report No. FY86-6, 
Fig.6). Similar movements of nursery groups after calving (10-20 June) south 
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into foothills and mountains also occurred in 1983 when mortality rates were 
17.5% for collared calves and 27.8% for control calves. In 1984, when mortality 
of radio-collared calves and control calves was lower (7% and 4.4%), caribou 
moved northwesterly onto the coastal plain instead of into the mountains and 
foothills. This report speculates that greater numbers of predators in the 
foothills and mountains may have resulted in these higher mortality rates. 

During this study, in 1985, collared calves remained near capture sites for 48-
72 h after birth. Those born near the Jago River then moved gradually to the 
south, west or northwest and those born near the Aichilik River moved southwest 
or west. Post-calving distributions of caribou calving in Alaska extended as 
far west as the Sadlerochit River. In late June, these caribou turned east 
reaching the Kongakut River in a few days. Caribou calving in Canada moved west 
at about the same time so that all segments of the herd converged on the coastal 
plain and foothills south of Demarcation Bay on 26 June. Two days later, about 
60% of the herd had moved southeast into Canada and about 40% moved southwest 
up the Kongakut, arriving in the upper Kongakt.it and upper Coleen River by 4 July. 
By mid-July, most groups reunited near Table Mountain, south of the Brooks Range 
in Alaska, where they continued to move southwest before fragmenting into smaller 
groups and dispersing eastward. 

Distribution. Movements and Mortality in Canada: Studies of the Porcupine 
caribou herd in northwestern Canada were completed by CWS biologists D. E. Russell 
and W.A. Nixon. Methods and results of these studies are presented in a CWS 
report: Distribution, movements and juvenile mortality of the Porcupine caribou 
herd in northern Yukon, June 1982 - January 1986 (see Appendix VI). Distribution 
and movements were documented in brief narratives and maps which described the 
caribou surveys conducted from summer of 1982 to mid-winter 1986 in northwestern 
Canada. 

Causes of juvenile mortality which occurred in about 37 short yearlings (35 
females and 2 males) and 6 two year old cows radio-collared in March 1983 and 
monitored until June 1985 were also summarized. An overall mortality of 17.2% 
was calculated over the 28 months. The yearling (age 10-21 months) annual 
mortality rate was 8.2% compared to an annual mortality rate of 9.5% for two year 
olds (age 22-34 months). 

An appendix of this report was a paper presented by CWS biologists A.M. Martell, 
W.A. Nixon and D. Russell at the 4th International Reindeer/Caribou Symposium 
(Whitehorse, Yukon, August 1985): Distribution, activity and range user of male 
caribou in early summer in northern Yukon, Canada. In this study, locations of 
radio-collared bulls and miscellaneous observations of bull caribou made from 
May to July in 1981-1983 were plotted on maps and activity and habitat use data 
were collected at three locations. Phenological data were collected at 8 tussock 
meadows, 6 habitat types were mapped on aerial photographs, and fecal samples 
were collected at 4 sites. 

This study found that male caribou were segregated from females during spring 
migration and calving (May and June). Bulls from both Alaska and the Yukon 
followed essentially the same routes used by cows from wintering areas to calving 
grounds. By late June, bulls were moving westward and northward toward the coast 
near the Alaska-Yukon border. By early to mid-July, bull groups had met and 
mixed with cows and calves on the coastal plain and then turned eastward toward 
the Richardson mountains. 
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Band · 
J Slzes of bull groups increased in late May and reached a maximum in mid-
bune (Appendix VI: CWS report, Appendix I, Table 1). Some activities differed 

etween late May and late June: the proportions of time spend walking and the 
r~te of movement was lower and the proportion of time spend lying was higher in 
mld~June (Appendix VI: CWS report, Appendix I, Table 2). The mean length of 
~ctlve and resting periods declined from late May to late June with the largest 

Tebcrease occurring from mid to late June (Appendix VI: CWS report, Appendix I, 
ale 3). 

In 198 3, snow cover declined rapidly between 19 May and 3 June. All sites were 
z;sentially snow free by 17 June (Appendix VI: CWS report, Appendix I, Table 

· In late May and early June, caribou selected tussock tundra, and avoided 
Wet sedge meadows and alluvial willow until mid and late June (Appendix VI: CWS 
~epor~ • Appendix I, Table 5). Fecal samples collected during this study 
~n~alned Cladonia-type lichens and Vaccinium in late May and early June, 

~ ~ ough Eriophorum dominated the samples in early and mid-June, and declined 
~~ ;te June. Salix increased in early June and mid-June, dominating the samples 

ate June (Appendix VI: CWS report, Appendix I, Table 6) . The report 
c~ncluded that distribution of male caribou was related to snow melt and plant 
p enology and movements of male caribou appeared to follow a temporal pattern. 

~~ulation Status: ADFG biologist K.R. Whitten summarized recent population 
lnd ormation about the Porcupine caribou herd in an ADFG report: Population status 
:n trend of the Porcupine caribou herd, 1982-1985 (see Appendix VI). This 
eport described historical information about the herd, and results of recent 

c~nsuses. The herd was first censused in 1972 and 1977. In 1979, a modified 
p oto-census method was used for the first time and this same technique was also 
~~~~in 1982 .and 1983. In 1983-1985, the availability of large numbers of radio-

ared car1bou permitted data on initial productivity, calf survival/yearling 
recruitm t en , and adult mortality to be collected. 

In 1982 
add. . • over 125,000 caribou were counted during the photocensus and an 

ltlonal 12,000 calves were also estimated to be present indicating a 
phopulation of about 137,000 caribou. Composition counts of almost 12,000 caribou 
S OWed 20% 1 • ph caves were present. In 1983, over 135,000 car1bou were counted from 

t otographs, but as the composition sample size was small, no effort was made 
o est· 

e . lmate number of calves. In 1984 and 1985, no censuses were conducted, but 
t~tlmates based on productivity, mortality and herd composition data concluded 
in~ the Porcupine caribou population would have grown approximately to 149,000 
of 1~1Y.l984 and to 165,000 in 1985 based on an estimated rate of yearly increase 

. 3%. 

Caribo u 
F u se of the 1002 Area: In 1985, biologists L.F. Pank, C.H. Curby and S.G. 

ancy · h 
p Wlt the USFWS Alaska Fish and Wildlife Research Center (AFWRC) (formerly 
R:rtl~f the Denver Wildlife Research Center (DWRC)) and ADFG biologist W.L. 

0 gehln used satellite telemetry to systematically obtain detailed information 
Mnt~ e locations and behavior of caribou within the ANWR and Yukon Territory. 
ue· ods and preliminary results are presented in AFWRC Progress Report Subwork 
n1t 4· c "b . re . · ar1 ou use of potential oil and gas development areas 1n the 1002 

prglon of the Arctic National Wildlife Refuge (see Appendix VI). The report 
ofes~nts preliminary analyses of the potential interaction between (1) caribou 
pott e.Porcupine Caribou Herd (PCH) and the Central Arctic Herd (CAH), and (2) 

entlal developments within the 1002 area of the ANWR. In addition to the 
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analyses described here, the detailed movement and behavioral data collected by 
satellite telemetry are being used to (1) identify critical habitats, including 
areas used for insect relief, (2) monitor the fidelity of individual caribou to 
specific calving areas, migration routes, and seasonal ranges, (3) provide 
detailed data on rates of movement and seasonal movement patterns, and (4) 
monitor activity patterns throughout the year. The movements of eight adult 
female caribou of the PCH and two CAH females were monitored daily by satellite 
between April 1985 and February 1986. Five of the collared females calved within 
the 1002 area; 3 of the other 5 calved in Canada, and 2 did not have calves. 
Five of the 8 PCH cows spent an average of 15 days within the eastern portion 
of the 1002 area. The 2 CAH females occurred within the 1002 area during all 
months except January and February 1986, when they were found in the Sadlerochit 
Mountains just south of the 1002 boundary. 

Sampling Caribou Use: In 1985, AFWRC biologists L. Pank and P. Kuropat completed 
a study designed to sample caribou use of coastal tundra. Methods and results 
are presented in AFWRC Progress Report Subwork Unit 3: A sampling method to 
determine caribou use of coastal tundra on the Arctic National Wildlife Refuge: 
caribou use of the area surrounding the Kaktovik Inupiat Corporation (KIC) 
exploratory well No. 1 site (see Appendix VI). Objectives of this study were 
develop and evaluate a sampling method to assess caribou use of an area and to 
acquire site-specific information on caribou use on the KIC#l exploratory well 
site and adjacent control sites. Four transect lines, with the same compass 
bearings relative to the coast, were set out from center points on a site at the 
KIC well No.1 and a control site. Both sites had similar land cover classes 
(based on LANDSAT imagery) and similar coastlines. Transects, 3 km in length 
divided into 1 km segments, were surveyed for caribou artifacts (hair, bone, 
antlers and tracks) and pellets. Maps derived from LANDSAT imagery were used 
for locating positions along the transects. 

Eighty five caribou arti~acts were found along control site transects and 25 
artifacts were found along the well site transects. Numbers of artifacts were 
inadequate to estimate densities within strata along the transects. Hair was 
the most common artifact found. Antlers were old. Tracks were excluded from the 
sampling as old and new tracks could not be distinguished. There was no 
significant difference between densities of pellet groups found on well site and 
control site transects, although some comparisons of individual transects were 
significantly different. This report concluded that the use of pellet group 
densities in assess caribou use of an area was a relatively quick field sampling 
method and that trends in use over time may be quantifiable in local areas. But 
weathering and degradation rates of pellet groups need to be known. Within-site 
variation of topographic relief or land cover diversity may be greater than 
between site variations, requiring a larger number of transects. 

Insects. In 1985, AFWRC biologists C.A. Benson, C.Curby, B. Zimot and E. Zozwiak 
completed a study on the spatial and temporal distributions of mosquitoes on the 
coastal plain and foothills of ANWR. Biting and parasitic insects are thought 
to influence caribou movements, energetics and habitat use. The methods and 
results of this study are described in AFWRC Progress Report Sub-work Unit 5: 
Spatial and temporal distribution of biting and parasitic insects on the coastal 
plain and adjoining foothills of the Arctic National Wildlife Refuge, 1985 (see 
Appendix VI). Sampling in 1983 found mosquitos to be the principle insect 
influencing caribou behavior in the study area. In 1985, objectives of the study 
were to contrast 1985 mosquito distributions with data from 1984 and 1983, and 
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to contrast extensively collected data on distribution of insects with data 
collected from intensively monitored trap locations. Sites within 3 geographic 
areas or "cells" (coastal, plains and foothills) were monitored. Site specific 
objectives were to determine the influence of various local factors on insect 
activity: in coastal locations, the distance from coastal and riparian habitats, 
in plains locations, the distance from riparian habitats and associated 
landcovers, and in foothill locations, the relationship with topography, aspect 
and associated landcovers. 

Results of this report showed that mosquitoes appeared at approximately the same 
time in 1985 as in 1983, but later than 1984. Abundance appeared to be lower 
in 1985 than the two previous years. In 1985, the highest sweep net catch was 
at a plains site, although on days when direct comparisons could be made, 
mosquito activity was highest on the coast. Low wind speeds and warm air 
temperatures on the coast were conducive to mosquito activity on these days, 
however. A zone of insect relief habitat extending along the coastline of ANWR 
apparently exists, the width of which is dependent on weather factors. Distance 
from riparian areas may by another important factor. Mosquito sweepcatches in 
different moisture regimes were not different at coastal locations, but moist 
sites had more mosquitoes than dry or wet sites in the plains and foothill 
locations (Appendix IV: AFWRC Progress Report Sub-work Unit 5, Table 8). At 
foothill sites, mosquitos activity was also influenced by terrain: valley sites 
had the highest sweepnet captures of mosquitoes, as well as the greatest number 
of days with mosquitoes. Ridges had the lowest sweepnet captures and fewest days 
with mosquitoes (Appendix IV: AFWRC Progress Report Sub-work Unit 5, Table 9). 
Variation between days was thought be related to weather variables. Wind speeds 
increased and ambient air temperatures decreased from valleys to ridges (Appendix 
IV: AFWRC Progress Report Sub-work Unit 5, Fig.4, Table 10). At coast sites 
during 24 h sample periods, fewer mosquitoes were caught before 1400 h (Alaska 
Standard Time) than after. Wind speed was higher and temperatures lower before 
1400 h, suggesting weather factors may influence mosquito activity. At plains 
locations, sweepnet catches peaked between 1000 and 1500 h, but windspeed and 
ambient air temperature were also higher during this same period. Foothills 
sweepnet catches peaked between 1000 and 1400 h, a period of decreased wind speed 
and high ambient air temperature. 

This report concluded that levels of mosquitoes were usually highest on the 
plains and lowest on the coast, but high levels of mosquitoes may occur on the 
coast when high air temperatures and low wind speeds were present. These same 
conditions occurred most frequently on the plains and in valleys and slopes of 
the foothills. Land cover associated with mosquito activity also was present 
in valleys or less frequently on slopes. Flood plains and Dryas river terraces 
generally provided important corridors of insect relief. Weather variables 
influenced mosquito activity and confounded the relationship between land cover 
and mosquito activity. Mosquitoes emerged earlier on the plains and foothills 
than the coast. Non-attractant sticky traps were useful for detecting the 
appearance of mosquitoes, but could not measure relative numbers. Sweepnets were 
a more effective method for sampling the available population and provided the 
greatest agreement with other techniques. The report also concluded that human 
harassment and observed caribou harassment can be used to subjectively estimate 
mosquito activity, and stated that more quantification of factors which influence 
mosquito activity is needed. 
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Muskoxen (Ovibos moschatus) 

Ecology: In 1985, work continued on the ecology of muskoxen by USFWS -ANWR 
biologists P.E. Reynolds, J.D. Herriges, andM.A. Masteller. Methods and results 
from 1982-1985 are described in ANWR Progress Report No. FY 86-2: Ecology of 
muskoxen in the Arctic National Wildlife Refuge, Alaska, 1982-1985 (see Appendix 
III). The objectives of this study were to determine population size, 
composition and herd dynamics, and to document seasonal distribution patterns, 
movements and habitat use. 

During this study, 45 different muskoxen (19 bulls and 26 cows) were captured, 
measured and marked between 1982 and 1985. Pre-calving population surveys were 
flown in late March during all years except 1982 when the survey was in mid
April. Post-calving population surveys were made in late October-early November 
1982-1985. Age composition counts were conducted in mid-June and late August 
1983 and in late June-early July in 1984 and 1985. Survivors of the initial 
transplant of muskoxen to Barter Island in 1969 probably did not exceed 35 
animals, but this transplanted population expanded rapidly, doubling every 3-4 
years. In the fall of 1985, 476 muskoxen were counted between the Kavik River, 
west of the refuge and the Canadian border (ANWR Progress Report No. FY86-2, 
Table 9). In 1985, calf:cow ratios were 75 calves per 100 cows, the same as was 
seen in 1984 (ANWR Progress Report No. FY86-2, Table 12). An estimated total 
of 111 calves were produced in 1985 (ANWR Progress Report No. FY86-2, Table 13). 
Most radio-collared cows produced calves yearly or every other year. A mean 
reproductive interval of 1.6 years was calculated based on observations of 15 
radio-collared cows. Calf:cow ratios for radio-collared cows were similar to 
ratios observed for the entire population in 1985 (ANWR Progress Report No. FY86-
2, Table 16). Some young calves observed in late June suggested that some cows 
were bred in late September. Annual losses to the population (mortalities and 
dispersal), including the harvest of 4-5 bulls per year were calculated to be 
about 7-12% in 1983-1985 (ANWR Progress Report No. FY86-2, Table 18). 

Most muskoxen in ANWR occurred in mixed-sex herds of 5-30 animals. Herd size 
reached a maximum in winter and minimum during the rut in mid- summer (ANWR 
Progress Report No. FY86-2, Fig. 6.). Bulls were also found in bull groups 
ranging in size from 2 to 10 animals or occurred as solitary animals. Small 
groups of cows and single cows were seen less frequently. Most muskoxen were 
concentrated in the same geographic areas from 1982-1985 and some of these areas 
apparently had been used since the animals were released near ANWR in 1969 and 
1970. Some animals dispersed east and west of the study area and expanded their 
range within the study area. Seasonal use of specific areas was documented in 
1982-1985. Changes in areas used during the peak of calving (mid May) occurred, 
but most variation was a shift in distribution to adjacent areas, or dispersal 
of some animals into new areas (ANWR Progress Report No. FY86-2, Table 19). Bull 
groups and solitary bulls were spatially segregated from mixed-sex herds and made 
relatively long movements between geographical areas, particularly during the 
rut in July and August. Muskoxen were most frequently associated with river or 
creek drainages except in winter and spring when some animals used ridges and 
hillsides blown partly free of snow (ANWR Progress Report No. FY 86-2, Fig. 23). 
Use of vegetation types appeared to follow a phenological progression with 
muskoxen using tussock and low vegetation in May and early June during calving, 
and riparian willows and associated low vegetation in summer after the emergence 
of leaves in late June . During the rut, habitat use was variable as herds 
spread out into more diverse areas. Willows and low riparian vegetation were 
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used in fall as animals congregated on major river drainages. Snow covered most 
of the vegetation between October and May and low shrub-forb communities were 
used most frequently throughout the year (ANWR Progress Report No. FY 86-2, Fig. 
24). 

Satellite-telemetry: In 1984 and 1985, P.E. Reynolds conducted a study to test 
an experimental satellite collar on captive and wild muskoxen. Methods and 
results are reported in ANWR Progress Report No. FY 86-5: Movements and activity 
patterns of a satellite-collared muskox in the Arctic National Wildlife Refuge, 
1984-1985 (see Appendix III). Objectives of this study were to document any 
problems with the physical configuration of the experimental collar, assess the 
accuracy of location and activity data, and determine any seasonal differences 
in distribution, movements, activity patterns and temperature. The collar, 
provided by Telonics (Mesa, AZ), was initially tested on a captive bull muskox 
at the University of Alaska, Fairbanks and then put onto a wild free-roaming cow 
muskox in northeastern ANWR. This study reported that the collar had no physical 
effects on the study animals. The wild cow carried it for almost 2 years, during 
which time it gave birth and successfully raised a calf. Over 300 locations were 
obtained from the satellite collar while it was on the wild cow (ANWR Progress 
Report No. FY 86-5, Fig. 1) and a mean accuracy of 1.3 km was calculated based 
on 10 visual observations of the animal which occurred within 5 min of a 
satellite fix. Seasonal differences in distribution and the size of use areas 
was also reported (ANWR Progress Report No. FY 86-5, Fig. 2). In late winter, 
the animal and the herd with which it was associated remained in an area of 
approximately 81 km2. 

This report indicated that movements could be defined as short local movements 
within a high use area and longer movements between use areas (ANWR Progress 
Report No. FY 86-5, Fig.3). The satellite-collared muskox had a high fidelity 
to specific areas throughout the year. Rates of movement varied seasonally: in 
summer, mean movement rates were higher and more variable than in winter (ANWR 
Progress Report No. FY 86-5, Fig. 4). Seasonal differences in activity also 
occurred. Mean activity scores, based on counts from a tip-switch counter 
mounted on the collar, declined throughout the winter and increased during spring 
and summer, reaching a high in July (ANWR Progress Report No. FY 86-5, Fig. 6). 
Monthly mean temperatures from the satellite collar were correlated with 
temperatures from Barter Island (ANWR Progress Report No. FY 86-5, Fig. 8). The 
study concluded that this type of collar was an effective method of collecting 
information about muskox distribution, movements and activity patterns, 
especially during winter which visual observations were difficult to obtain. 

Habitat use: In 1985, University of Alaska graduate student C. 0' Brian continued 
with her field work for a Master of Science thesis project on muskox habitat 
use. O'Brian's study compared the vegetation in different river drainages used 
or not used by muskoxen. 

Disturbance: In 1985, USFWS-ANWR biologist P. E. Reynolds completed a preliminary 
analysis of data collected on muskoxen responses to aircraft overflights. 
Methods and results of this study are presented in ANWR Pr9gress Report No. FY86-
5- Impacts: Responses of muskox groups to aircraft overflights in the Arc tic 
National Wildlife Refuge 1982-1985 (see Appendix V). Objectives of this study 
were to determine the responses of muskox groups to small aircraft and helicopter 
overflights and to document differences in response to different aircraft types, 
altitude, season of the year and type of group. Over 1900 observed responses 
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to small aircraft were recorded from 1982-1985. Muskoxen ran into groups more 
frequently in response to helicopter overflights than to fixed wing overflights 
(ANWR Progress Report No. FY86-5-Impacts, Fig. 1) Some of the difference 
observed was likely due to the lower flight altitude of helicopters. Bull 
groups, including single bulls, showed no response to fixed-wing overflights more 
often than did mixed-sex groups (ANWR Progress Report No. FY86-5-Impacts, Fig. 
2). Muskoxen appeared to be more responsive to fixed wing overflights during 
winter and calving than during summer and fall (ANWR Progress Report No. FY86-
5- Impacts, Fig. 3). Flight altitude of fixed wing aircraft over mixed sex groups 
in summer appeared to influence muskoxen response. (ANWR Progress Report No. 
FY86-5-Impacts, Fig. 4). Percentages of mixed-sex groups showing no response 
to fixed-wing aircraft in summer also increased from 1982 to 1985 suggesting that 
some animals had habituated to these fixed-wing overflights (ANWR Progress Report 
No. FY86-5-Impacts, Fig. 5). Muskoxen observed from the ground showed similar 
responses to aircraft overflights. 

Moose (Alces alces) 

In 1985, USFWS-ANWR biologists G.E. Muehlenhardt and G.W. Garner conducted aerial 
moose surveys in northern ANWR. Methods and results of these surveys are 
presented in ANWR Progress Report No. FY86-9: Population size, composition, and 
distribution of moose along the Canning and Kongakut Rivers within the Arctic 
National Wildlife Refuge, Alaska, spring and fall 1985 (see Appendix III). 

Objectives of this study were to determine population size, composition, 
distribution, productivity and over-winter calf survival of moose herds within 
the Canning and Kongakut River drainages. Standardized surveys were flown in 
1983, 1984 and 1985. In the Canning drainage, 159 moose were counted during the 
1985 spring survey and 192 moose were counted during the fall survey (ANWR 
Progress Report No. FY86-9, Table 1). In spring, a smaller percentage of these 
were found in Cache and Eagle Creeks compared with percentages seen in 1984 and 
in 1980. But in fall, the·proportion of the population found in Cache and Eagle 
Creeks was similar to other years. The proportion of calves showed a gradual 
increase between 1980 and 1985. Numbers of calves seen in the spring compared 
with numbers seen the previous fall were about the same in 1984-1985, but less 
in 1983-1984. The Marsh Fork of the Canning and the Kavik River were also 
surveyed in 1984 and 1985. The presence of some moose along the Marsh Fork 
indicated that this drainage should continue to be surveyed. Movements of moose 
between the Canning River and the Kavik River, where 96 moose were counted in 
April 1985, probably occurred, according to this report. 

In the Kongakut drainage, 205 and 194 moose were counted during 1985 spring and 
fall surveys. The numbers of moose in this drainage increased since 1980. But 
the numbers of calves stayed about the same, indicating a decline in the 
proportion of calves (ANWR Progress Report No. FY86-9, Table 2) and suggesting 
that the increase in population was due to immigration. Numbers observed in fall 
were less than those seen during a 1984 fall survey but more than were seen in 
the fall of 1983. Proportions of calves in fall have remained relatively stable 
from 1983-1985, although the data indicated a higher overwinter loss for calves 
than for adults. In fall 1985, the bull/cow ratio within the Kongakut drainage 
was slightly higher than the same ratio for the Canning drainage. In 1983, the 
bull/cow ratio in the Kongakut was nearly double that of the Canning (ANWR 
Progress Report No. FY86-9, Table 3). Calves per 100 adult cows increased by 
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5% in the Kongakut population and 8% in the Canning population between 1983 and 
1985. 

Predators 

Brown Bears (Ursus arctos) 

Ecology: In 1985, work on brown bears by USFWS-ANWR biologist G. w. Garner, ADFG 
biologist H.V. Reynolds, and USFWS-ANWR technicians M.K. Phillips, G.E. 
Muehlenhardt and M.A. Masteller was continued. Methods and results are presented 
in ANWR Progress Report No. FY86 -12: Ecology of brown bears inhabiting the 
coastal plain and adjacent foothills and mountains of the northeastern portion 
of the Arctic National Wildlife Refuge (see Appendix III). Objectives of the 
study were to determine denning ecology and locations, to determine seasonal 
habitat use patterns, to determine seasonal interrelationships between brown 
bears and other wildlife species (especially caribou), and to determine the 
structure, size, status and reproductive biology of the brown bear population. 
A total of 145 brown bears were captured and marked from 1982-1985 (ANWR Progress 
Report No. FY86-12, Table 1) Of these, 113 were radio-collared. In 1985, 76 
bears were marked. Bears were captured in May, June and July. 

Age structure of the population in 1985, based on 115 captured bears and 23 
accompanying offspring, showed that males predominated age classes of 5.5 years 
and younger, and females dominated age classes 6.5 years and older. Immature 
bears (4.5 years and younger) comprised 46.4% of the theoritical population in 
late winter 1984. Cubs were 18.8% of this group. Adults comprised 53.6% of the 
population. The sex ratio was 61 males and 54 females (ANWR Progress Report No. 
12, Fig. 2). 

Relatively good survival of young bears through age 4 was occurred for the 1982 
cohort (ANWR Progress Report No. 12, Table 3). In 1982, cub survival was high: 
cubs born to 9 sows were still alive by denning time in fall. In 1982, 1983 and 
1984, mortality rates for cubs and yearlings were 58.9%, 54.2%, and 45.0%, 
respectively. Causes of the high mortality rates were not known, but this report 
speculated that killings by adult bears was a factor. Four natural mortalities 
occurred in 1985. Two were killed by hunters, and 2 died from winter exposure. 

Breeding pairs were commonly seen from May through early July. The peak of 
breeding apparently occurred in June. Most sows reproduced first at age 6. 5 year 
of age. Eight sows losing cubs or yearlings early in the summer, bred that same 
year, and produced another litter of cubs the following year (ANWR Progress 
Report No. 12, Table 4). 

Sex and age of 238 marked or associated unmarked bears indicated that the 
population had a relatively young age structure, which suggested a stable or 
increasing population. Ninety five bears (49 males and 46 females) were between 
3.5 and 11.5 years of age. Forty one bears (20 males and 21 females) were in 
age classes 12.5 years and older (ANWR Progress Report No. 12, Table 5). Data 
were biased toward bears frequenting the ANWR coastal plain and adjacent 
foothills where most captures took place. 

From 1982-1985, bears were observed 340 times in the vicinity of caribou. During 
most of these observations, interactions between the 2 species were not seen, 
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but 28 chases and 1 successful kill were documented. Bears were seen feeding on 
caribou carcasses 72 times during 1982-1985. Thirty one of these were adult 
caribou and 22 were calves. Bears appeared to be using caribou during that time 
when caribou were present on the coastal plain and adjacent foothills. 
Preliminary analysis of movement data suggested that bears shifted their activity 
areas to the coastal plain when caribou were present. Bears were observed near 
moose and muskoxen on 28 and 32 occasions, respectively, during 1982-1985. Three 
unsuccessful chases of moose and 1 bear feeding on a moose calf were seen. Three 
instances of a bear feeding on a muskox carcass and 1 unsuccessful muskox chase 
were recorded. 

In 1985, some bears had emerged from winter dens by 29 April ( N = 6) and 19 May 
(N = 5). All bears emerged by early June (ANWR Progress Report No. 12, Table 
6). A general pattern of early emergence by males and no-parturient females and 
later emergence of females with new cubs was seen. 

Physical characteristics of 37 bear dens were measured in 1985 (ANWR Progress 
Report No. 12, Table 7). Mean elevations of dens ranged from 816-966 min 1983-
1985. Dens were predominately on southeast facing slopes. Three dens were 
located in coastal plain tundra habitats. The remainder were found in foothills 
or mountains. All but 1 dug dens collapsed by July. One den was a snow den with 
a bed of vegetation. Seven bears denned in rock caves. In general all radio
collared bears captured on the coastal plain or in the foothills denned south 
of their capture sites. In 1985, 36 bears denned by 16 October, 30 more denned 
by the end of October and 4 denned by early November (ANWR Progress Report No. 
12, Table 8). 

Behavior and Habitat Use: In 1985, University of Alaska graduate student M.K. 
Phillips completed analysis of data collected for a Master of Science thesis 
titled: Behavior and habitat use of grizzly bears in northeastern Alaska 
(Phillips 1986). Objectives of this study were to describe seasonal patterns 
of brown bear behavior and habitat use and the predatory relationship between 
brown bears and caribou. Methods included observing bears at 3 study sites and 
mapping vegetation at 1 of these sites. Almost 400 hours of observations of 
bears were obtained during this study. Phillips (1986) found that bears were 
least active during mid-day, showed patterns of crepuscular activity, and spent 
most of their time feeding and foraging. Caribou calves were a large part of 
brown bear kills and Phillip (1986) speculated that caribou were an important 
food source. In spring and early summer, bears found caribou in tussock tundra, 
and mat and cushion tundra in flat valleys and dry upland sites. They also dug 
for ground squirrels and roots in shrubland along floodplains. In mid-summer 
and early fall, lush areas of sedge-grass tundra, shrub tundra, tall shrubland, 
and herbaceous tundra were used as bears feed on Equisetum, grasses and sedges, 
and Boykinia richardsoni. In early fall, mat and cushion tundra in upland sites 
and shrub tundra used by bears feeding on berries. After the first snowfall, 
bears dug ground squirrels and roots, using low and tall shrubland along rivers 
(Phillips (1986). 

Wolves (Canis lupus) 

Ecology: In 1985, USFWS-ANWR biologists G.J. Weiler and G.W. Garner continued 
their study of wolf ecology in ANWR. Methods and results are reported in ANWR 
Progress Report No. FY86-7: Wolves of the Arctic National Wildlife Refuge: their 
seasonal movements and prey relationships (see Appendix III). Major objectives 
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of this study were to define the seasonal ranges of individual wolves and 
associated packs in northern ANWR and to determine availability of potential 
prey. In 1985, 15 wolves were captured and radio-collared in the northern 
portion of ANWR to supplement the sample of 11 wolves captured in 1984. Captured 
wolves included members of 8 packs and 11 solitary individuals, 4 of which may 
have been members of a fragmented pack. A ninth pack of 2 wolves was located 
but both animals were killed by hunters. Male wolves weighed an average of 43.1 
kg, females weighed an average of 36.7 kg. Average ages of captured wolves were 
estimated to be 2.6-3.2 years of age in 1984 and 2.7-3.5 years of age in 1985 
(ANWR Progress Report No. FY86-7, Table 1). Most ANWR wolves were gray or brown, 
but black and tawny animals were also seen. 

Locations and movements of collared animals associated with packs and solitary 
wolves indicated that movements of a radio-collared wolf may not reflect 
movements of an entire pack. Activities of packs observed during the study 
tended to be centered in and along major river drainages. Seasonal shifts in 
resident pack territories due to caribou movements were not detected. Only one 
pack appeared to have a large scale seasonal shift in territories. In 1984, most 
(9 of 11) collared wolves were either captured on or utilized the ANWR coastal 
plain. By contrast, in 1985, only 2 wolves (both lone animals) were captured 
on the coastal plain and 2 others, believed to be part of a fragmented pack, 
utilized the coastal plain. All of these animals were young, 3 years of age or 
less. Long distance movements by dispersing wolves were observed (ANWR Progress 
Report No. FY86-7, Table 2 and Fig. 4). One wolf moved 770 km, a record for 
Alaska. 

Wolf densities reported in this study were 1 wolf/726 km2 in 1984 and 1 wolf/686 
km2 in 1985 for an areas approximately 24,700 km2, which included the ANWR 
coastal plain. Minimum numbers of wolves were 27 adults and 7 pups (surviving 
until fall) in 1984 and 22 adults and 14 pups in 1985 (ANWR Progress Report No. 
FY86-7, Table 4). Litter sizes averaged 3.0 (n=2) in 1984 and 4.2-4.8 (n=4) in 
1985. Estimated pup survival ratios were 50% in 1984 and 56% in 1985. Wolf 
productivity during this study in the northeastern Brooks Range was lower than 
other areas due to smaller litter sizes and lower survival rates. Pup survival 
was related to pack size. More pups survived in larger packs. 

In northern ANWR, wolves ranged primarily in the mountains and foothills. All 
7 dens found were along rivers with general exposures southeast to southwest with 
water nearby. Three were established dens with prior use and 4 were first year 
dens. Detailed drawings and photographs of the dens were presented in this 
report. Rabies was documented in this report as a factor causing mortalities 
in ANWR wolves. Between April and July 1985, 9 dead wolves were found: 5 tested 
positive for rabies and 2 others were possible victims. Two others may have died 
from effects of canine distemper. In 1984-1985, 10 wolves were taken by local 
resident hunters. Known mortalities in 1985 were 35% of the 1984 fall 
population. 

This study concluded that ANWR wolves were a dynamic· population in which 
dispersal and new pack formation occurred. Lone wolves and dispersing animals, 
which may travel long distances, apparently used the ANWR coastal plain, and 
followed caribou migrations. By contrast, pack wolves used mountains and 
foothills, and were resident animals with little seasonal change in use areas. 
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Food Habits: In 1985, USFWS-ANWR biologists G.J. Weiler and G.W. Garner 
continued work on the food habits of ANWR wolves. This study is described in 
Progress Report FY86-19: Food habits of denning wolves on the Arctic National 
Wildlife Refuge (see Appendix III). A total of 811 scats were collected at 6 den 
sites in late August (1 site in 1984, 5 sites in 1985) after wolves had abandoned 
the sites. Moose was the principle prey item (75%) found in scats collected in 
1984 at the Canning den, but in 1985 caribou was the most important prey item 
(78%) (ANWR Progress Report FY86-19, Fig.l). Non-ungulate prey species 
comprised 19% of the remains in scats at the Canning den in 1985. These were 
primarily ground squirrels. Changes in pack size may have been a factor in the 
change in prey utilization at the Canning den, which had been used historically 
for many years. 

A den on the Hulahula River was first used in 1985 by a single whelping bitch, 
who was later joined by another adult. Scats from this den contained a higher 
proportion of Dall sheep (35%) than fecal samples from any other den, but caribou 
was the principle species found (59%) (ANWR Progress Report FY86-19, Fig. 1). 
The den was located in an area near 4 sheep licks, but caribou were not commonly 
observed in the immediate area. 

Scats collected at a den on the Aichilik River in 1984 also contained a 
predominance of caribou (68%) with some sheep (18%) and moose (12%) (ANWR Progress 
Report FY86-19, Fig.l). This den had been used prior to 1984 and the scats were 
probably from at least 2 year's occupation. Wolves did not use this den in 1985. 
Caribou were abundant in the area, sheep were common, but moose were scarce. 

Caribou was also the most common prey item (63%) in scats collected at a first 
year den site on Drain Creek, in 1985, although moose (27%) and sheep (17%) were 
also found (ANWR Progress Report FY86-19, Fig 1). All 3 large ungulates were 
commonly observed in the area. Scats from another first year den on the Malcolm 
River contained similar proportions of caribou (57.5%) and an unexpectedly large 
proportion of sheep (26%) ·(ANWR Progress Report FY86-19, Fig. 1). Sheep were 
rarely observed in the area. All 3 ungulate species were found in scats from 
a den on the Kongakut River in 1983 and 1984, although there was a shift from 
caribou to moose in 1984. Moose were rarely seen in the area. The Kongakut den 
had been used for many years. 

This report concluded that caribou was the dominant food item for all wolf packs 
observed in 1985, although moose and sheep were also eaten and moose were the 
most important prey species during some years. Annual variation in food habits 
was speculated to be related to prey availability and to pack size. 

Den Site Behavior and Summer Diets: In 1985, UAF graduate student H. S. Haugen 
continued analysis of data collected as part of a Master of Science thesis 
titled: Den-site behavior, summer diet, and skull injuries of wolves in Alaska 
(Hagen 1987). Objectives for part of his thesis included determining patterns 
of den site attendance and behavior, and documenting diets of wolves in 3 
different ANWR drainages (Haugen 1987). In 1983, preliminary observations were 
made along the Canning, Kongakut and Hulahula Rivers. In 1984, dens on the 
Kongakut and Canning Rivers were observed. Haugen (1987) presented descriptions 
of wolf behavior and pack composition at these 2 dens and concluded that the 
Canning wolves, which hunted moose, had a more cohesive pack and spent more time 
raising pups, although the den was not successful. The Kongakut pack, which 
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hunted whatever prey was available, had a less cohesive pack and left pups alone 
for prolonged periods. 

Haugen (1987) collected and analyzed wolf scats to obtain information on diet. 
Kongakut wolves ate more moose than caribou in 1984, but more caribou than moose 
in 1983. Dall sheep were eaten both years, but less frequently than moose and 
caribou. More Dall sheep and non-ungulate species were eaten in 1984, than 1983, 
especially lambs. Young ungulates of all 3 species were consumed both years 
(Haugen 1987, Fig 8). Canning River scats also collected in 1983 contained 
predominately caribou, some non-ungulate species and Dall sheep, but no moose. 
But the number of scats collected in 1983 was small (17). Moose was the 
principle prey items in Canning scats collected in 1984 (Haugen 1987, Fig. 9). 
Caribou and Dall sheep were the most important components of 24 scats collected 
along the Hulahula River in 1983. Young moose and non-ungulate species were also 
present (Haugen 1987, Fig. 10). Haugen (1987) observed all 3 ungulates near the 
Kongakut den, but thought caribou was most abundant species. He also observed 
Dall sheep on the Hulahula River, and few caribou or moose near the Canning den, 
although a large population of moose resided in drainages not far away. 

Haugen (1987) concluded that Kongakut and Canning wolves appear to consume 
between 45 and 70% moose. Moose were important to the Canning wolves, Hulahula 
wolves focused on Dall sheep and non-ungulates, and Kongakut wolves appeared to 
eat primarily adult caribou, which were present when the Porcupine caribou herd 
moved through the area. 

Arctic Foxes (Alopex lagopus) 

In 1984, UAF graduate student R.M. Burgess completed a Master of Science degree 
titled: Investigations of patterns of vegetation, distribution and abundance 
of small mammals and nesting birds, and behavioral ecology of arctic foxes at 
Demarcation Bay, Alaska (Burgess 1984). The study, conducted in 1978 and 1979, 
focused on making detailed observations of the use and availability of food 
resources. To characterize important vegetation types, vegetation was sampled 
within the study plot, at small mammal capture locations and bird nests. Small 
mammals were live-trapped in 12 trap areas within the study plot in 1978. In 
1979, trapping efforts were concentrated in areas which captures had been most 
frequent and areas south and east of the study plot were also sampled. Bird 
nesting success and nest density were monitored on the 30 ha study plot in 1978 
and 1979. Six foxes were trapped, radio-collared, followed and observed in 
1979. 

Burgess (1984) described 17 vegetation/landform types in his study area which 
included 2 types of wet meadows, 3 each of low center polygon types, and upland 
vegetation types, 4 coastal vegetation types, and disturbed vegetation types 
which were limited in extent. Four species of small mammals were captured in 
the study area. Densities of small mammals were not high in either year, but 
were much higher in 1978, compared with 1979. The Lemmus sibericus population 
appeared to be productive and stable or increasing in 1978, when one active fox 
den was found in the study area, and declining in 1979, when foxes in the study 
area did not reproduce. 

Burgess (1984) monitored over 40 nests of 7-12 avian species in 1978 and 1979. 
Weather (primarily snow during incubation) was responsible for the loss of most 

~==~n-~e.sts (10 of 17) in 1978 (Burgess 1984, Table 12). The largest cause of nest 
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failure in 1979 was predation when 27 of 29 nests were lost to foxes. Lapland 
longspurs had the highest proportional loss in 1979 (21 of 22 nests lost), and 
were more vulnerable to fox predation than sandpipers. Many longspur nests 
failed at the nestling stage. The increase in fox predation in 1979 was 
attributed to the lack of alternate prey, primarily small mammals, according to 
Burgess (1986). One pair of foxes raised 9 pups in 1978, but no foxes bred 
successfully in 1979. 

Burgess (1984) described arctic fox behaviors in 4 major categories. Arctic foxes 
were nocturnal throughout the summer, becoming active about 1800 h and ceasing 
activity at about 0800 or 0900. Short resting bouts sometimes occurred during 
the night and short activity bouts were frequently seen at mid-day. Resting 
bouts averaged 1.7 hand ranged from 1 min to 8.4 h. Activity bouts averaged 
1.4 hand ranged from 3 min to 7.9 h. but did not change during the summer during 
fluctuating prey availability. Foxes spent over 70% of observed active 
behavior searching. Percentage of time spent foraging varied between June and 
August as foxes spent more time eating carrion later in the summer. Social 
activities were less than 3% of the total activity budget (Burgess 1986, Table 
20). 

Captures of prey by foxes decreased throughout the summer, in part because foxes 
fed on a large carcass in early to mid-August, but the rate of capture was 
greatest when food was most abundant in mid-June. Most (70%) of all captures 
at that time were avian eggs, when avian nest densities peaked. Birds were 
unavailable after mid-July, and small mammals were captured most frequently in 
June and early July. Although the rate of captures decreased, consumption rates 
remained stable (Burgess 1984, Table 21). Caching occurred most frequently when 
food was most abundant in mid-June and in August when portions of a carcass were 
cached. Food was retrieved from caches at an increasing rate through the summer 
and some cached food was re-cached. Over the summer, about 45% of captures were 
cached and eggs were the most frequently cached food item. Caches were used 
to regulate food availability through mid-August (Burgess 1984). Scent-marking 
rates for foxes were calculated by Burgess (1984, Table 23) who found scent 
marking may be related to foraging behaviors, in addition to having other 
functions. Observations of social behavior indicated that a pair bond was 
maintained through the summer of 1979 in spite of no successful reproduction and 
that the mated pair defended their relative large home range from other foxes. 

Foxes rested in dry areas of vegetation, but did not travel to specific resting 
areas. Most frequently used vegetation types were also the most widely 
available, but one common vegetation type was apparently selected against, as 
were tussock slopes. Foxes selected gravel beaches and high relief high center 
polygons. High rates of capture were associated with the most common vegetation 
types, but no captures or meals were made on gravel beaches. Most captures in 
meadows took place on pond shores where avian prey, usually eggs, were found. 
The foxes's preferred prey, (L. sibericus) was most abundant in medium relief 
sites. Bird nest densities were highest in tussock slope, low relief and meadow 
sites. 

Burgess (1984) found that avian species were apparently the most important food 
source for arctic foxes. Eggs were 85% of avian prey and chicks were another 
12% (Burgess 1984, Table 21). Almost 60% of eggs taken by foxes were cached. 
Meals from small mammals declined after early July, and food availability from 
all live sources declined throughout the summer, requiring foxes to rely on 
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carrion and caches. Caribou comprised the largest proportion of carrion in the 
foxes' diet. Radio-collared foxes moved distances ranging from 0 krn to 29 krn 
and average rates of movement per 10 d period were not different (Burgess 1984, 
Table 28). Horne ranges of 2 radio-collared female foxes were 18 and 24 krn2, and 
overlapped about 6 krn. Burgess (1984) concluded that food caching (primarily 
eggs and carrion) provided a defendable resource through a season of low mammal 
availability. 

Small Mammals 

Microtine Rodents 

1985 Population Status. A short study of rnicrotine rodent densities and 
demographic status was conducted by USFWS-ANWR technician C.A. Babcock in 1985. 
Methods and results are reported in ANWR Progress Report No. FY86-l: A rnicrotine 
rodent population increase in 1985 on the coastal plain of the Arctic National 
Wildlife Refuge, with notes on predator diversity (see Appendix III). Two study 
areas (Tarnayariak and Niguanak) were selected because of unusually high brown 
bear (Ursus arctos) densities. A third study area (Marsh Creek), at 
approximately the same latitude on the coastal plain, had no high concentrations 
of bears. Microtine rodents were live-trapped at 96 station grids at each site 
and the presence of all predators were noted. 

Similar total numbers of rnicrotines were captured at all 3 sites. The Marsh 
Creek area had fewer Lernrnus sibericus and more Microtus oeconornus than the other 
areas (ANWR Progress Report No. FY86-l, Table 1). Increasing densities of Lernrnus 
were not indicated at any of the 3 sites. Sex ratios were skewed toward males 
and recruitment of juveniles appeared to be low. The demographic makeup of 
captured Lernrnus at Niguanak and Tarnayariak resembled those reported for 
populations in a decline phase following a density peak. By contrast, Microtus 
econornus populations had a normal sex ratio, recruitment of juveniles, and 
evidence of reproductive and population density increase. Densities of 
rnicrotines at all study areas were higher than those recorded during the 2 
previous years. 

Lernrnus breed in winter and densities may have peaked in early spring 1985. 
Signs of intense grazing were found in scattered pockets at Tarnayariak and 
Niguanak and several avian and mammalian predators were found at both these 
sites, indicating that locally high densities of Lernrnus had occurred in the 
spring of 1985. At Marsh Creek, there was little sign of a Lernrnus peak and 
predators were not as common or as diverse. 

Bears and wolves (Canis lupus) may have been attracted to the Tarnayariak and 
Niguanak areas by the presence of calving caribou and then switched to feeding 
on rnicrotines after the caribou left the areas. This would only be energetically 
beneficial in certain years and in certain locations when rnicrotine densities 
were high. 

Habitat use: In 1985, UAF graduate student C.A. Babcock.cornpleted a Master of 
Science thesis titled: Vegetation patterns and rnicrotine rodent use of tundra 
habitats in northeastern Alaska (Babcock 1986). The objective of this study was 
to examine the habitat use of rnicrotine rodents in the heterogeneous environment 
of polygonized terrain, using a very fine scale assessment of vegetation. Three 
study sites were located in 3 physiographic areas across the ANWR coastal plain: 
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one in the foothills (Kongakut), one mid-way between the mountains and the coast 
(Katakturuk), and one on the coast (Okpilik). Quantitative vegetation sampling 
was done at live-trapping grids by estimating percent canopy cover in circular 
quadrats. 

Babcock (1986, Table 1) found that the number of vascular plant species decreased 
from the mountain site to the coastal site and 41% of the species were found at 
all three sites. Adjacent areas were most similar. Similarity was greater 
between microhabitat types within a site than between sites, comparing the same 
types (Babcock 1986, Table 3). Moisture was a major condition for separating 
microhabitats, although a complex of physical and chemical gradients probably 
existed. Although large scale diversity of communities was found to decrease 
toward the coast, Babcock (1986) concluded that communities on the coast were 
packed more tightly into microsites of polygonal terrain than similar terrain 
further inland. 

Babcock (1986) found 4 species of microtines in his study areas: 2 lemming 
species (Lemmus sibericus and Dicrostonyx sp.) and 2 vole species (Microtus 
oeconomus and M. miurus). All species differed widely in distribution in time 
and space. Dicrostonyx was trapped at all 3 sites but was uncommon at the 
mountainous Kongakut site and the inland Katakturuk site in both years and, in 
1984, at the coastal Okpilik site. Lemmus was also uncommonly found during both 
years at Katakturk and in 1983 at Okpilik. M. oeconomus was the most frequently 
caught species at all 3 sites. M. miurus was captured infrequently at the 
Kongakut site. Fewer animals were caught in live-trap grids in 1984 than in 1983 
(Babcock 1986, Table 4a). Trends indicated increasing populations at Kongakut 
and Katakturuk in 1983 (Babcock 1986, Fig. 7). Snap-trapped captures of !:1...,_ 
oeconomus showed no difference in sex ratios. Body weights of trapped and live
captured M. oeconomus differed between sexes, seasons and study sites (Babcock 
1986, Table 6). 

More M. oeconomus were trapped in wet microhabitat in 1983 at Kongakut, and in 
mesic sites at Katakturuk in 1984. Combining years, this species favored the 
wettest sites at Okpilik (Babcock 1986, Table 10). Weasel predation was highest 
at Okpilik and lowest at Katakturuk (Babcock 1986, Table 11). Dicrostonyx was 
more commonly found, and M. oeconomus was less commonly found than expected in 
raptor pellets (Babcock 1986, Table 12). Results of this study indicated that 
Lemmus was primarily coastal and Dycrostonyx also occurred more commonly toward 
the coast. M. oeconomus was widely distributed and M. miurus was restricted to 
the foothills. One species, Clethrionomys rutilus, found in mountain areas 
during other studies, was not captured during this study. The M. oeconomus 
populations in 1983 appeared to be increasing in 1983, but were at much lower 
densities in 1984. Other species were at low densities during the 2 years of 
the study. Babcock (1986) speculated that differences in litter sizes and animal 
weights of M. oeconomus at Okpilik and Kongakut may have been due to differences 
in population densities or differences in nutrients at the 2 sites. He also 
suggested that microtus populations either do not fluctuate or fluctuate out of 
synchrony with ,lemming species. Discussions of habitat use indicated that 
microhabitat selections of the 2 lemmings and M. oeconomus were similar to their 
selection of larger habitat patches reported by other studies: Dicrostonyx used 
polygon rims and high centers, Lemmus and M. oeconomus used the wetter polygon 
troughs. 
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Chapter 6 

FISH 

Fairbanks Fishery Resources Station Studies 

Six fisheries investigations were conducted in or near the Arctic National 
Wildlife Refuge (ANWR) coastal plain study area by the U.S. Fish and Wildlife 
Service, Fishery Resources office in 1985. Separate progress reports were 
completed for each investigation (Fairbanks Fishery Resources Progress Report 
No. FY86-l through FY86-6) and are included in Appendix V. 

Fishery Investigations in Beaufort Lagoon 

In 1985, baseline sampling was continued in Beaufort lagoon following similar 
procedures used in 1984 (West and Wiswar 1985). Fish were caught in large 
directional fyke nets between July 7 and August 9, 1985. Nine species were 
captured, with Arctic char (Salvelinus alpinus) being the most numerous. Of 
the 2,161 char caught, 1,262 were tagged with numbered Floy tags. Of those, 29 
(2.3 %) were recaptured within the lagoon during the summer sampling period. 
Tagged char were also recaptured by subsistence fisherman near Barter Island and 
by consultants working near Prudhoe Bay. 

Other species caught in Beaufort Lagoon in 1985 included: fourhorn sculpin 
(Myoxocephalus guadricornis) (1, 856), Arctic flounder (Liopsetta glacialis) 
(521), Arctic cisco (Coregonus autumnalis) (408), saffron cod (Eleginus 
gracialis) (29), least cisco (Coregonus sardinella) (20), Arctic grayling 
(Thymallus arcticus) (8), eelpout (Lycodes sp.), and rainbow smelt (Osmerus 
mordax) (1). 

The majority of arctic char and Arctic cisco (80% and 90% respectively) were 
captured at the northeast side of the lagoon, immediately inside the barrier 
island. Most of these fish were moving in a westerly direction when captured. 

Fall Movements and Overwintering of Arctic Grayling 

The radio-telemetry study of fall migrations of grayling initiated in 1984 (West 
and Wiswar 1985) was continued in 1985. The study was repeated on the same river 
systems to compare results over 2 years. In 1985, 38 radio transmitters were 
surgically implanted in adult arctic grayling. Fifteen fish were implanted in 
the Akutoktak River, 14 in Itkilyariak Creek near its confluence with the 
Sadlerochit River, and 9 near the mouth of the Tamayariak River .. Following the 
tagging in July and August, relocations from the air were made monthly through 
January. Overwintering locations were similar to those found in 1984. Grayling 
from the Okpilak River were found overwintering in the Hulahula River at "Fish 
Hole 1" or "Fish Hole 2." Overwintering locations for Itkilyariak Creek fish 
were deep pools in the Sadlerochit River adjacent to, but separate from, 
Sadlerochit Spring; in the Kekituk River; or in Peters or Shrader Lakes. 
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Grayling from the Tamayariak River moved into the lower Canning River or further 
upstream above the Canning River delta to overwinter. 

Age, Growth, Distribution and Summer Feeding Habits of Arctic Flounder in 
Beaufort Lagoon. 

Arctic flounder is an abundant marine species found nearshore in the Beaufort 
Sea in summer. Samples of flounder were taken in July and August 1985 in 
Beaufort Lagoon while other fisheries investigations were being undertaken. 
Flounder ranged in size from 55-298 mm, and age from 2 to 9 years. Fish 126-150 
mm and 3 or 4 years old predominated. Arctic flounder were common throughout 
the sampling period, but a marked increase in their abundance was noted in 
mid-August. The major prey item documented for the flounder was the amphipod 
Gammarus setosus. Isopods and polychaetes also were found in the diet. 

Baseline Histopathological and Contaminant Studies of Four Arctic Fish Species 
in Beaufort Lagoon. 

Arctic char, Arctic cisco, Arctic flounder, and fourhorn sculpin were sampled 
from Beaufort Lagoon and were examined for histopathological abnormalities, 
parasites, and contaminant levels. Overall condition and health of the fish 
were good and disease rates appeared low. Arctic flounder were found to be the 
least infected with lesions or parasites of the species examined. Contaminant 
levels were generally low or below detection except for arsenic which was 
elevated in all species. The most common parasite observed was a cestode 
Bothrimonus sturionis which was found in the digestive tract of specimens in all 
species and which occurred in 100% of the Arctic char and 96% of the Arctic cisco 
samples. 

Fisheries Investigations on the Kongakut River 

Fish and invertebrate sampling was undertaken on the Kongakut River in June and 
July 1985. Arctic char and Arctic grayling were the only fish and species found. 
Spawning-age grayling and fry appeared to be distributed throughout much of the 
drainage; char were numerous in the middle and lower reaches. Ripening adult 
char were abundant but non-spawning adults had apparently left the river for 
summer feeding in the lagoons system. Twenty-two macroinvertebrate taxa were 
collected with Chironomidae, Nemouridae, and Oligochaeta being the most abundant. 

The Freshwater Food Habits of Juvenile Arctic Char 

The freshwater food habits of immature Arctic char were determined from samples 
taken from the Canning, Hulahula, Aichilik, and Kongakut Rivers. From the 189 
stomachs examined, chironomids were the most commonly found prey organism. 
Plecopterans were second overall except in samples from the Canning River where 
Ephemeropterans were more commonly found. 

45 



Other Studies 

In addition to Fish and Wildlife Service Fishery Resources investigations on 
the ANWR coastal plain, a study of domestic fishing effort and catch, along with 
monitoring of fish movements at Kaktovik was conducted in concert with the 
Endicott Environmental Monitoring Program (Envirosphere 1986). Fyke nets were 
deployed from late July to late August at Barter Island and questionnaires were 
used to poll residents of Kaktovik. The catch data was incorporated into a 
regional data base and tag returns from the Prudhoe Bay area were documented. 
Estimates of the summer catch of fish by residents of Kaktovik were 1,000 to 
2,000 Arctic cisco and 2,000 to 4,000 Arctic char (Envirosphere 1986). 

Sampling efforts by Entrix in the Colville River and by the Canadian Department 
of Fisheries and Oceans in the McKenzie River have resulted in several recaptures 
of Arctic cisco tagged in 1985 in Beaufort Lagoon and also cisco tagged near 
Prudhoe Bay. 

A study of electophoretically separate stocks of Beaufort Sea Arctic char was 
started late in 1985. This study was funded by the Minerals Management Service 
as part of their support of studies on Arctic fish habitats and sensitivities. 
Juvenile char were taken from each of the major Beaufort Sea drainages which 
support anadromous char populations. The samples were shipped alive to the Fish 
and Wildlife Service laboratory in Anchorage where they were analysed. 
Preliminary results indicate that the river systems consist of unique stocks and 
that electrophoresis could be used as a method to distinquish stocks in a mixed 
sa~ple (eg. from offshore), if a large enough sample size could be obtained 
(Everett and Wilmot 1987). 
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Chapter 7 

HUMAN HISTORY AND ARCHAEOLOGY 

Subsistence 

Kaktovik 

In 1985, 2 technical papers containing information about subsistence use in the 
Arctic National Wildlife Refuge (ANWR) were completed by the Alaska Department 
of Fish and Game (ADG&G) Division of Subsistence. One report (Coffing and 
Pedersen 1985) was a summary of information on caribou hunting by Kaktovik 
residents in the 1983-84 regulatory year (30 June 1983-30 June 1984). The 
purpose of the study was to document: 1) land areas used by successful Kaktovik 
caribou hunters, 2) total numbers, sex composition, and herd source of animals 
harvested, 3) composition of caribou hunting groups, and 4) why some households 
did not harvest caribou. 

Information was collected by interviewing members of 45 of 47 households in the 
community. Of these, 18 households took 102 caribou during 1983-84. Over 50% 
of the 27 non-harvesting households had work conflicts which prevented them from 
harvesting caribou. Another 37% were not in the community when caribou were 
available. A total of 80 caribou were harvested at 9 sites located near the 
coast from the Canning River delta to Griffin point. At 6 inland sites, a total 
of 22 caribou were harvested; 16 of these were taken at 4 sites near one another 
in the foothills near Sadlerochit Spring and the Hulahula River. Harvest was 
concentrated on the coast for the past 3 years. 

The majority of the harvest took place in July, August and April when a total 
of 79 animals were taken. Inland sites were used only April. No caribou were 
harvested from December through February and in June and September in 1983-84. 
Harvest peaked from late June until August and from March through May based on 
information collected from 1981-1984. From December through February, hunting 
may be restricted by cold weather and darkness. In June, break-up limited both 
boat and snow mobile travel. Whaling activities took place in September. Boats, 
snow mobiles, and less frequently, three wheelers were used to hunt caribou. 
At least 24 hunting parties harvested caribou. About half of these contained 
individuals from 2 to 4 different households. It appeared that single household 
hunting parties were more mobile, but less successful, than multi-households 
hunting parties. 

Only 1 animal was harvested out of season. The 1983-84 harvest of 102 was higher 
than the 43 animals taken in 1981-83. Caribou distribution apparently 
contributed to the fluctuation in harvest numbers. Bulls comprised the majority 
(58%) of the harvest in 1983-1984, as well as in the 2 previous years. Most 
males were taken in July and August in all 3 years. Females may have been 
selected in fall and spring. Both Porcupine herd and Central Arctic Herd caribou 
were taken by Kaktovik hunters, although numbers of animals taken from the latter 
herd were less variable over time. 
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Over 70% of Kaktovik's caribou harvest came from the ANWR coastal plain study 
area 1981-1984. All hunters traversed the area during hunting or enroute to 
hunting sites. Access to hunting sites was identified as an important land use 
issue. 

A second study completed by ADF&G Division of Subsistence in 1985 focused on 
land use associated with residents of Kaktovik obtaining resources (Pedersen et 
al. 1985). Objectives of this study were to: 1) complete a literature review 
and compile a community socioeconomic profile, 2) map subsistence land use with 
data-base capabilities compatible with other existing systems, and 3) describe 
seasonal activities, document Inupiaq place names, and compile a subsistence 
land use atlas and overview of present land status. Twenty two map biographies 
representing the use of resources from 1923 to 1983 by 20 households were 
obtained in Kaktovik. As part of an over-view description of the environment, 
climate, fauna and flora, history of the community and economic factors were 
presented. The population in Kaktovik in April 1983 was 185 with males 
comprising of 55% and females comprising 45% of population . Eight three percent 
of the population was of Eskimo descent. The 46 households averaged 4.0 persons 
per household. Descriptions of historial and current employment patterns were 
presented. Median income was $24,167 in 1980. 

Community resource use areas for the period 1923 to 1983 were calculated to be 
11,406 square miles, with 23% of this area in coastal or near coastal waters. 
Maps of use areas for particular resources, for households and for all community 
resources were presented and discussed in this report. In addition, place names 
of significance to Kaktovik were recorded and mapped. 

Literature Cited 

Coffing, M. and S. Pedersen. 1985. Caribou hunting: Land use dimensions, 
harvest level, and selected aspects of the hunt during regulatory year 1983-84 
in Kaktovik, Alaska. Tech. Pap. No. 120. Div. of Subsistence, Alaska Dep. 
of Fish and Game, Fairbanks. 38pp. 

Pedersen, S., M. Coffing and J. Thompson. 1985. Subsistence land use and 
place names maps for Kaktovik, Alaska. Tech. Pap. No. 109. Div. of 
Subsistence, Alaska Dep. of Fish and Game, Juneau. 140pp. 

48 



Chapter 8 

IMPACTS OF GEOPHYSICAL EXPLORATION 

Impacts on Vegetation and Surface Stability 

In 1985, the U.S. Fish and Wildlife Service (USFWS) continued studies to evaluate 
the impacts of winter seismic exploration on vegetation and surface stability 
in the study area. Three studies were conducted. The first utilized data from 
permanent study plots to evaluate impacts on visual resources, vegetation, and 
surface stability, while the second study utilized aerial photography to assess 
the impacts of vehicle trails over a wider variety of sites. In the third study, 
data was gathered on snow distribution across the coastal plain and its 
relationship to disturbance by winter seismic vehicles. 

Impacts on Visual Resources, Vegetation, and Surface Stability 

In 1985, studies to assess the impacts of the 1984 and 1985 winter seismic 
programs were continued by USFWS - Arctic National Wildlife Refuge (ANWR) 
botanists N.A. Felix, M.T. Jorgenson, M.K. Raynolds, and R. Lipkin, and 
biotechnicians D.L. Blank and B.K. Lance. Methods and results are reportec in 
ANWR Progress Report No. FY 86-2-Impacts: Effects of winter seismic exploration 
on visual resources, vegetation and surface stability of the coastal plain of 
the Arctic National Wildlife Refuge, Alaska, 1985 (see Appendix V). The 
objectives of this study were to evaluate the impacts of winter seismic 
exploration on the vegetation, surface stability, and visual resources of the 
coastal plain, and to determine rates of recovery to predisturbance conditions. 

Sixteen intensive study plots (30 m x 4 m) established in 1984 and 18 newly 
established plots were sampled to quantify the effects of disturbance and to 
study recovery rates. Fifty photo-trend plots (10 m x width of disturbance) 
established in 1984 plus an additional 16 plots were sampled less intensively 
to provide data from a wider variety of sites. 

Seismic trails were generally visible in all vegetation types. Narrow trails, 
fuel spills, craters (blow outs at shotholes), and small radius vehicle turns 
were the most visible. Seismic vibrator trails were slightly more visible than 
dynamite trails. Trails showed either no change or slight improvement in 
visibility between 1984 and 1985. Reduced visibility of 2-year-old trails was 
due to the increase in standing dead leaves, the lighter color of weathered 
litter and drier soil, and the lack of standing water in 1985. 

Plant cover decreased on most disturbed plots. Smaller decreases in plant cover 
in 1985 compared to 1984 occurred for some species at a few plots, but overall 
little recovery of plant cover was evident. Vegetative shoots and some seedlings 
were recolonizing bare patches on trails, but these covered very little ground 
area. Plant productivity of current year's growth, as measured by plant mass, 
twig length of shrubs, and numbers of leaves per sedge plant, were generally 
higher on 2-year-old plots. These factors indicate that recovery of vegetation 
is beginning to occur on trails in ANWR, but will take many years to reach 
predisturbance conditions. 
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Significantly greater thaw depths occurred on almost half of the disturbed plots 
compared to adjacent controls. Only 4 plots had greater changes between 
disturbed and control plots in 1985 than in 1984. Measurable track depressions 
occurred at 4 plots on narrow trials in moist sedge-shrub tundra. Summaries of 
disturbance on vehicle trails in each vegetation type are presented below. These 
vegetation types, modified from Walker et al. (1982) are described in detail in 
ANWR Report No. FY86-2-Impacts (see Appendix V). 

Wet Graminoid and Moist Sedge-Shrub Tundra. Low level disturbances produced 
visible green trails due to knocking down of the lighter colored standing dead 
leaves. Trails were more visible at higher disturbance levels due to the obvious 
track depression or visible wetness of trails (especially when summer 
precipitation was high). Total plant cover decreased on plots with moderate 
and high disturbance levels. Soil was exposed only on plots with the highest 
level of disturbance. 

Mosses were easily scuffed and compressed by vehicles, -and thus were the most 
sensitive life form in this vegetation type. Mosses were rare recolonizers on 
bare patches in the moist sedge-shrub plots, but were important recolonizers in 
the 1 wet sedge plot (011). 

Cover of willows (mostly Salix planifolia ssp. pulchra and ~- lanata ssp. 
richardsonii) decreased on most disturbed plots. Vegetative shoots of ~

planifolia were present recolonizing bare patches on a few plots. Productivity 
(mass and twig length) of current year's growth of~- planifolia was higher on 
2-year-old disturbed plots than on adjacent controls. Nitrogen and phosphorus 
concentrations of new shoots were also higher on disturbed plots. 

Sedges (Carex aquatilis and Eriophorum angustifolium) had no significant changes 
in cover in the first year after disturbance. In the second year, sedge cover 
increased above control levels at 4 disturbed plots, with a statistically 
significant increase at 1 plot. Mass of leaves and number of leaves per plant 
for these 2 sedges were significantly higher on 2-year-old plots. Nitrogen and 
phosphorus concentrations in the sedges (especially the below ground stems) were 
generally lower on disturbed plots. The total amount of nutrients in sedges on 
disturbed plots was similar to or greater than that on control plots, because 
the mass of sedges generally increased when the nutrient concentrations 
decreased. Vegetative shoots of&. angustifolium and~- aguatilis were the main 
recolonizers of bare patches; graminoid seedlings were also important as wet 
sedge plot 011. Sedge plants on trails had 1/3 the number of dead leaves as 
plants on control areas in the second year after disturbance. Two more growing 
seasons are expected to produce a full complement of standing dead leaves per 
plant resulting in reduced visibility of green trails. Forbs generally decreased 
in frequency and cover on disturbed plots. 

Thaw depths (depth to permafrost) increased significantly on trails at all levels 
of. disturbance. The decrease of lighter colored standing dead and increased 
~01 sture on trails caused decreases in energy reflection (albedo) and increases 
1 r: energy absorption which led to deeper thaw. Four plots had greater 
d 1 fferences in thaw depth between disturbed and control plots in 1985 than in 
1984

· Measurable track depression (5-12 em) occurred on 4 plots which were all 
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narrow trails made by multiple vehicle passes in moist sedge-shrub tundra. One 
photo-trend plot in wet graminoid tundra also had obvious track depression on 
the ground, but no measurements were made. 

Moist Graminoid/Barren Tundra Complex. Trails were visible as discontinuous 
dark tracks due to exposed soil. Small patches of bare soil due to scuffing of 
mound tops and frost boils were common, but sometimes difficult to see due to 
the patchy nature of vegetation in the undisturbed habitat. Two-year-old trails 
were less visible, because standing dead increased in the trail and soil patches 
were drier and lighter, blending into surrounding vegetation. 

Cover of the evergreen shrub Dryas integrifolia, the deciduous shrubs Salix 
phlebophylla and ~. reticulata, mosses, and lichens was generally lower on 
trails. Little recovery of plant cover was evident on 2-year-old trails; only 
deciduous shrubs on 03 had a significant decrease in cover in 1984 but not in 
1985. Bare patches changed little between 1984 and 1985, but some vegetative 
shoots of Eriophorum angustifolium, Carex Bigelowii, Arctagrostis latifolia, 
and Salix phlebophylla were recolonizing. Mosses and seedlings were rare or 
absent on bare patches. 

Thaw depths were significantly greater on many level 2 and 3 disturbances in 
barren complex tundra. No track depression was evident in the field or in the 
surveyed elevational data. Small surface depression would be difficult to 
measure in this habitat due to the natural variation in micro-relief. 

Moist Sedge Tussock Tundra. Trails appeared brown due to broken tillers and 
exposed peat cores of tussocks. Trails were less visible in the second year 
after disturbance, because the plant litter had weathered to a less noticeable 
gray and the exposed peat was drier and lighter in color. Disturbance ranged 
from scuffed tussocks (tillers broken) to tussock mound tops destroyed (peat 
cores exposed or tussocks cracked) to ruts starting to form (continuous mound 
top destruction). Total plant cover decreased significantly on most plots when 
compared to nearby controls. Small patches of exposed soil were common on 
disturbed plots due to disrupted tussocks. 

Cover of the deciduous shrubs Betula nana s.l. and Salix planifolia ssp. pulchra 
and the evergreen shrubs Ledum palustre ssp. decumbens and Vaccinium vitis-idaea 
decreased on disturbed plots compared to adjacent controls. Little recovery in 
shrub cover was evident on 2-year-old plots. Vegetative shoots of~. planifolia 
andy. vitis-idaea were found on bare patches, but shrubs accounted for only a 
small percentage of recolonizing shoots. In some cases, ,!i. ~ and ~. 
planifolia had more current year's growth (longer twigs and greater mass) and 
higher nitrogen concentrations on 2-year-old disturbed plots, but few changes 
in phosphorus concentrations. Current year's growth of 1. palustre and y. 
vitis-idaea showed little change in mass, but some increases in nitrogen and 
phosphorus concentrations. 

Cover of cottongrass (Eriophorum vaginatum) generally decreased due to 
disturbance. Tillers of~. vaginatum were commonly found recolonizing the edges 
of bare patches. Most retillering occurred in the first year after disturbance. 
~. vaginatum had some significant increases in mass and nitrogen concentration 
on 2-year-old disturbed plots, but no changes in phosphorus. The grass 
Arctagrostis latifolia was also an important recolonizer. 
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Mosses, including Hylocomium splendens and Tomenthypnum nitens, were sensitive 
to disturbance and decreased on all vehicle trails in tussock tundra. The mosses 
Aulacomnium turgidum, ~- palustre, Pohlia sp., and Polytrichum juniperinum were 
important recolonizers on bare patches. Cover of lichens (mainly the foliose 
lichens Peltigera spp. and Nephroma arctica) decreased significantly on all 3 
disturbed plots. 

Increased thaw depths were present in some plots of all disturbance levels. No 
track depression was identified from surveyed elevational data. Track depression 
would be difficult to identify in this habitat due to the uneven surface of the 
tussocks. The Marsh Creek plots with ruts starting to form appeared to have 
track depressions. However without knowledge of the original surface height, 
depression in these narrow tracks could not be documented. 

Moist Shrub Tundra. Visible trails resulted from removal of shrubs. The 
ericaceous shrubs Ledum palustre ssp. decumbens and Vaccinium vitis-idaea and 
deciduous shrubs (especially Betula nana s.l.) decreased due to disturbance. 
Vegetative shoots of y. vitis-idaea and Salix phlebophylla were present 
recolonizing bare patches, while shoots of 1. palustre, ~- nana, and Salix 
planifolia ssp. pulchra were rare or absent. Cover of mosses, including 
Hylocomium splendens and Dicranum spp. decreased significantly on the more 
disturbed plot (S6). 

Exposed soil increased with increasing levels of disturbance. At 1 highly 
disturbed photo-trend plot (T29), soil exposed was 19% and the percent decrease 
in total plant cover was 77%. Bare patches changed little between 1984 and 1985 
as recolonizing shoots covered very little ground area. Graminoid species, 
including Eriophorum vaginatum, Arctagrostis latifolia, Hierochloe alpina, and 
Luzula confusa, and various forb species were important colonizers. Some 
significant increases in thaw depth occurred on disturbed plots, but no track 
depression was found. 

Riparian Shrubland. Trails were visible due to canopy removal. Disturbance to 
ground cover, especially mosses, increased the visibility of more. highly 
disturbed trails. Two-year-old trails were often less visible due to the lighter 
color of litter and drier soil in 1985. Willows (Salix ssp.) and bearberry 
(Arctostaphylos rubra) were the main plants affected by disturbance. Cover of 
forbs, horsetails, and mosses also decreased on some disturbed plots. Fewer forb 
species were found in frequency quadrats on disturbed plots than control plots. 
No recovery was evident from plant cover data. Recolonizing shoots on bare 
patches included the shrubs Salix reticulata and Artostaphylos rubra and the 
forbs Oxytropis ssp. and Astragalus umbel latus. Seedlings, especially forb 
seedlings, were important recolonizers in this habitat. 

Dryas Terrace. Disturbance was visible as a brown trail due to removal of the 
vegetative mat and exposure of soil. Visibility on 1 plot (06) increased in 
the second year after disturbance due to loss of the moss mat. Total plant cover 
decreased on all 3 disturbed plots sampled. Plot 06 had the largest decreases 
in plant cover of any disturbed plot with an average of 85% less cover in the 
disturbed plot than control in both 1984 and 1985. Dryas terrace plots had the 
largest amount of bare ground, because the vegetative mat was easily removed. 

Cover of the evergreen shrub Dryas integrifolia, deciduous shrubs (especially 
Salix reticulata), horsetails (Eguisetum variegatum), forbs, and mosses 
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(especially Tomenthyphum nitens) decreased at disturbed plots. No recovery of 
plant cover was evident in 1985 on 06, the only plot with data from 2 years. 
However, Dryas integrifolia was frequently found sprouting from buried stems on 
the edges of bare patches. Horsetail (Equisetum variegatum) and forbs (mainly 
legumes) were also common recolonizers. 

Airphoto Analysis of Winter Seismic Trails 

In 1985, studies using aerial photography to assess the impacts of the 1984 and 
1985 winter seismic trails were continued by USFWS - ANWR botanists N.A. Felix, 
M.T. Jorgenson, M.K. Raynolds, and R. Lipkin, and biotechnicians D.L. Blank and 
B.K. Lance. Methods and results are reported in ANWR Progress Report No. FY 86-
1-Impacts: Airphoto analysis of seismic trails on the coastal plain of the 
Arctic National Wildlife Refuge, Alaska, 1985. (see Appendix V). Color infrared 
aerial photographs (1:6000) of a portion of the 1984 and 1985 seismic lines and 
camp moves were taken to document disturbance in the first and second years after 
winter seismic activities. Airphoto interpretation of vegetation types and 
disturbance levels was used to assess the impacts of vehicle trails over a wide 
variety of sites, and to determine the relative sensitivity of vegetation types 
on the coastal plain of ANWR. 

A photo interpretation key was developed which described 9 vegetation types and 
4 levels of disturbance within most types. An accuracy assessment of photo 
interpretations made on trails in 1984 was conducted, and the results were used 
to improve the 1985 photo interpretation key. A detailed discussion of the 
development of the photo interpretation key, and efforts to improve consistency 
between interpreters is included. 

Fifteen percent of the points on seismic trail were photo-interpreted as level 
0 (none to slight disturbance), 57% were level 1 (low), 27% were level 2 
(moderate), and 2% were level 3 (high). Moist graminoidjbarren tundra complex, 
moist sedge tussock, and moist shrub tundra had higher levels of disturbance than 
other vegetation types, because tussocks and hummocks characteristic of these 
types were easily disturbed. Dryas terraces had a high number of points with 
level 2 and 3 disturbance indicating the high sensitivity of this vegetation type 
due to low snow cover and an easily disrupted vegetative mat. In contrast, 
trails in riparian shrubland had low disturbance, indicating good snow cover at 
the time of vehicle travel or recovery of damaged willows. The area west of the 
Sadlerochit River had higher disturbance levels than the area east of the 
Sadlerochit River due to differences in snow cover and vegetation types. 
Overlapping camp moves and seismic trails had higher levels of disturbance than 
either camp moves or seismic lines alone. Camp moves had more level 2 and 3 
disturbance than seismic lines, and all level 3 camp moves were narrow trails. 
Camp moves also had more level 0 than seismic lines due to routing through less 
sensitive areas. 1985 camp moves had lower disturbance levels than 1984 camp 
moves due to improved routing and better snow cover in 1985. 1985 seismic trails 
had higher disturbance levels than 1984 seismic trails due to the use of the 
heavier vibrator trucks in 1985 and slight recovery of the 1984 trails. Final 
agreement checks between and within photo interpreters indicated that the 
interpreters were reasonably consistent, but some confusion still occurred 
between closely related vegetation types and disturbance levels. A ground check 
on the accuracy of the photo interpretations will be conducted during the 1986 
field season. 
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Snow Distribution and Its Relationship to Disturbance 

In 1985, the study of snow cover on the coastal plain and its ability to reduce 
disturbance due to winter seismic exploration was continued by USFWS - ANWR 
botanists N.A. Felix, M.T. Jorgenson, M.K. Raynolds, R. Lipkin, and 
biotechnicians D.L. Blank and B.K. Lance. Methods and results are reported in 
ANWR Progress Report No. FY 86-3-Impacts: Snow distribution on the arctic coastal 
plain and its relationship to disturbance caused by winter seismic exploration, 
Arctic National Wildlife Refuge, Alaska, 1985. (see Appendix V). The objectives 
of this study were to measure annual and seasonal variations in snow cover on 
Barter Island, to determine the distribution of snow across ANWR' s coastal plain, 
and to assess the relationship between snow cover and the amount of disturbance 
caused by seismic vehicles traveling across the tundra. 

Snow accumulation data from Wyoming snow gauges near the ANWR coastal plain were 
summarized for the period 1976-1986. Total snow accumulation was low in 1984 
and closer to average in 1985 and 1986. Monthly snow measurements were made on 
2 transects on Barter Island in 1985 and 1986. Snow depths gradually increased 
during both winters, while depth hoar increased early in the season and remained 
the same from January through May. Hardness of snow or the strength of bonding 
between crystals was measured using a Rammsonde penetrometer. The Rammsonde 
hardness increased during the first part of both winters, then decreased after 
March or April. Hardness was highly variable at individual points along the 
transects. Snow density averaged 0.30 g/cm3 over both years. 

Snow depths were measured as the seismic crews traveled across the coastal plain 
in 1984 and 1985. These snow depths averaged 23 em in 1984 and 30 em in 1985. 
Snow distribution across the coastal plain was highly variable due to wind 
transport of snow which resulted in little cover on hill crests or ridges and 
deep accumulations in basins and drainages. The area west of the Sadlerochit 
River had less snow than the eastern portion of the coastal plain. On the 
western side, moist sedge tussock tundra and moist graminoid/barren tundra 
complex had less snow than wet graminoid tundra. Overall, wet graminoid tundra 
and closed riparian shrubland had the highest snow depths while Dryas terrace 
and open riparian shrubland had the lowest snow depths. No significant 
differences in average snow depths were observed between terrain types, 
elevations, and aspects. 

Ninety- six study plots were established on seismic lines and camp moves in 
tussock tundra and moist sedge-shrub tundra to study the relationship between 
snow cover and disturbance. Snow depth data were collected in the winter, and 
plant cover changes, tussock disturbance, and trail visibility were measured in 
the summer. In tussock tundra, plots with snow depths over 25 em had 
significantly less disturbance than those with less than 25 em. Moderate 
disturbance did not occur at snow depths over 25 em or slab depths over 15 em. 
Low level disturbance occurred at snow depths as high as 45 em and slab depths 
as high as 39 em. The relationship between snow cover and disturbance was less 
clear in moist sedge-shrub tundra, and in a number of cases, slab depth appeared 
to be a better measure of protective snow cover than total snow depth. Moist 
sedge-shrub tundra plots with greater snow or slab depth were also less 
disturbed, but the relationship between snow depth and disturbance was not as 
strong as with the tussock tundra plots, partly because of the difficulties in 
quantifying disturbance in this vegetation type. Moderate disturbance did not 
occur at snow depths over 35 em or slab depths over 20 em in moist sedge-shrub 
tundra. 
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Effects on Muskoxen 

Muskoxen are one of the few terrestrial species which remain on the ANWR coastal 
plain throughout the winter and may be effected by winter seismic activities. 
In 1985, USFWS-ANWR biologists P. E. Reynolds and D. L. LaPlant summarized movement 
data and observations of muskoxen made during January - May 1985 when seismic 
crews were operating in the study area. These data were combined with similar 
information compiled by Reynolds and USFWS-ANWR biologist D.L. LaPlant in 1984. 
Methods and results are presented in ANWR Progress Report No. FY 86-4-Impacts: 
Effects of winter seismic exploration activities on muskoxen on the Arctic 
National Wildlife Refuge, January-May 1984-1985. (see Appendix V). The objective 
of this study was to document the effects of winter seismic exploration 
activities on distribution and movements of muskoxen in ANWR. 

From January - May 1985, radio-collared muskoxen were relocated 5 times from 
fixed-wing aircraft. Miscellaneous observations from the air and ground were 
made by USFWS field monitors traveling with seismic crews. Responses of muskoxen 
to seismic vehicles were plotted on maps and movements of groups containing 
radio-collared muskoxen were determined. 

Results showed that distribution of muskoxen was the same before, during, and 
after seismic exploration activities in 1985 and 1986. No long range movements 
of radio-collared muskoxen occurred. Responses of muskoxen to seismic vehicles 
were variable. Some animals showed no response to vehicles until they were 
within 100-300 m. Other animals grouped into defensive formations and ran in 
response to vehicles at distances of more than 3 km. Muskoxen encountered 
seismic vehicles infrequently during the seismic exploration program and effects 
on the muskox population were probably insignificant. In summers following 
winter seismic work in 1984 and 1985, 75 calves per 100 cows older than 3 years 
of age were recorded in the ANWR muskox population. 
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Chapter 9 

IMPACTS OF FURTHER EXPLORATION, DEVELOPMENT AND 
PRODUCTION OF OIL AND GAS RESOURCES 

In 1985, staff review of literature continued and no summaries were prepared for 
this interim report. 
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VEGETATION 
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Appendix I. Preliminary classification for a Landsat-derived land cover map 
of the coastal plain study area, Arctic National Wildlife 
Refuge, 1985. 

1. FOREST. This vegetation class is formed of tree species at least 5 m tall. 
Included within the concept of forest is secondary tree growth temporarily less 
than 5 m in height, i.e., intermediate succession stages. 

a. DECIDUOUS FOREST/TALL SHRUB has 25-100% tree cover. Betula papyrifera, 
Populus tremuloides and f. balsamifera are the dominant species occurring 
in this class. Salix alaxensis may also be classified in this class of 
alluvial terraces by itself or mixed with f. balsamifera. Also included 
are Alnus crispa and Salix spp., Rosa acicularis, Shepherdia canadensis, 
and Calamagrostis canadensis. This class is normally found on well 
drained to moist soils associated with hills and alluvial terraces south 
of the continental divide. North of the divide this type is rare, 
occurring mainly along the Canning River, and in a small area near 
Sadlerochit Springs. 

2. SCRUB. This vegetation class is predominantly composed of shrubs (greater 
than 25 percent cover) up to 5 m in height. 

a. ALLUVIAL DECIDUOUS SCRUB occurs on frequently flooded gravel sites 
dominated by Salix planifolia ssp. pulchra and ~. alaxensis. On some 
sites especially on the coastal plain, Betula spp. (dwarf birch) may 
occur with Salix in older alluvial terraces. The number of species 
occurring with the above species as co-dominants or as understory are 
many and may include: Salix lanata ssp. richardsonii, ~. glauca, ~. 

brachycarpa, ~. hastata, ~. reticulata, Arctostaphylos rubra, Dryas 
integrifolia, Equisetum arvense, ];_. variegatum, ];.. scirpoides, Carex 
spp., Festuca spp., Juncus castaneus, Petasites spp., Hedysarum spp., 
and Hylocomium spp. On the coastal plain, this class usually occurs in 
small patches which can not be distinguished on Landsat imagery, and is 
classified as scarcely vegetated floodplain. 

b. DRY PROSTRATE DWARF SCRUB formation occurs on river terraces, slightly 
elevated microsites on the coastal plain, and upper slope positions in 
the foothills. Bare soil is often an important component of the ground 
surface as a result of frost action. Because of the harsh environment, 
plants do not achieve heights greater than 10 em. Some of the more 
commonly occurring shrubs are Dryas integrifolia (usually dominant) and 
Q_,_ octopetala with Arctostaphylos rubra, Salix reticulata, L rotundifolia 
and Cassiope tetragona. Nonwoody species include Saxifraga hirculus, L 
oppositifolia, Polygonum bistorta, Petasites arctica, Polemonium spp., 
Equisetum arvense, Carex spp., Festuca spp., Hierochloe spp., Epilobium 
latifolium, Geum glaciale, and the lichen Cetraria spp. 
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Appendix I. Continued. 

c. MOIST PROSTRATE DWARF SCRUB contains prostrate dwarf shrubs and sedges 
occupying mesic habitats on gentle to moderately steep slopes. In the 
foothills, these habitats are frequent on mid to lower slopes which 
receive subsurface drainage from adjacent terrain. Dryas integrifolia 
is often the dominant species. Eguisetum arvense and the moss, 
Tomenthypnum nitens, are characteristic species of this land cover class. 
Carex bigelowii gives the habitat a hummocky surface. Moist habitats on 
slightly elevated microsites in the coastal plain, and alluvial terraces 
in the foothills and mountains are often drier, owing to greater exposure 
and lack of water from surrounding terrain. Lichens are more important 
than mosses in these drier habitats. These habitats are very similar to 
the moist microsites of the wet/moist dwarf shrub, graminoid land cover 
class. Other species important to this type include Salix arctica, ~

lanata, ~- pulchra, Rubus chamaemorus, Saxifraga hirculus, ~- punctata, 
Petasites frigidus, Eriophorum vaginatum, and Carex aguatilis. 

d. MESIC ERECT DWARF SCRUB contains dwarf shrubs, primarily from the taxa 
Betula spp., Salix spp., Vaccinium uliginosum, and Cassiope tetragona. 
These shrubs are usually 0 .l m to 0. 5 m in height with interlocking 
branches. This type is common on low rolling hills. On hillsides at 
lower elevations (below 900 m), graminoid tussocks often occur with the 
dwarf shrubs. Major tussock producing plants include Eriophorum vagina tum 
and Carex bigelowii. Major shrub species include Betula glandulosa, ~

~. Salix glauca, ~- reticulata, ~- planifolia ssp. pulchra, Ledum 
decumbens, Vaccinium vitis-idaea, and Empetrum nigrum. Other species 
present may include Carex lugens, Carex scirpoidea, Eguisetum arvense, 
li- scirpoides, Hylocomium splendens, Tomenthypnum nitens, and Sphagnum 
spp. 

3. HERBACEOUS. Herbaceous plants are without significantly woody tissue and 
die back to the ground surface each year. There are two major growth forms: 
graminoids and forbs. Graminoids include all nonwoody grasses and grasslike 
plants such as Carex (sedges) and Eriophorum (cottongrass). Forbs are 
broad-leaved herbaceous plants such as Petasi tes (coltsfoot) and Epilobium 
( fireweed) . 

a. VERY WET GRAMINOID is a graminoid-dominated formation associated with 
aquatic habitats surrounding large, open bodies of fresh water; very wet 
habitats which contain numerous small bodies of open water; and coastal 
habitats frequently inundated with salt water. Surface forms include 
low-centered polygons with abundant standing water, thaw lake basins, 
the littoral zones of lakes and the coastline. Arctophila fulva is the 
primary species in deeper water, up to l m deep, with~ aguatilis, 
Eriophorum Scheuchzeri, and Eriophorum angustifolium dominating areas 
where the water is less than 30 em deep. 
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Appendix I. Continued. 

b. WET GRAMINOID formations are associated with wet habitats. These habitats 
often receive water by surface and subsurface flow from surrounding 
terrain. The habitats generally have standing water throughout the 
summer. Vegetative cover is continuous, as depth of water is not a 
limiting factor to plant establishment and growth. The habitat has few 
drained microsites associated with polygon rims, strangmoor, hummocks, 
etc. Landforms where these habitats occur are river deltas, drained lake 
basins, and river channels, where surface forms are low-centered polygons, 
and strangmoor. Primary taxa include numerous Carex spp. and Eriophorum 
spp. Common species occurring in this type include Carex aguatilis, ~. 

microglochin, ~. atrofusca, ~. amblyorhyncha, ~. scirpoidea, ~. rostrata, 
~. bigelowii, ~. physocarpa, ~. misandra, Eriophorum vaginatum, &. 
angustifolium, &. russeolum, Eguisetum fluviatile, Scirpus spp. 
Pedicular is spp., Valeriana capitata, Polygonum spp., Tomenthypnum 
nitens, and Drepanocladus spp. Some shrub species include Arctostaphylos 
rubra, Salix lanata ssp. richardsonii, and~. arctophila. 

c. MOIST/WET TUNDRA COMPLEX is a type in which dwarf shrubs and graminoids 
occur together in habitats intermediate in moisture regime between the 
wet graminoid and moist dwarf shrub formations. Wet and moist microsites 
are often intermixed in a complex pattern in this habitat. High-centered 
and flat-centered polygons are common surface features in river delta 
and drained lake basin landforms. Along river drainages, disjunct string 
bogs are the most common surface form. Common species on these sites 
include Dryas integrifolia, Salix lanata ssp. richardsonii, ~. reticulata, 
Cassiope tetragona, Vaccinium uliginosum, Eriophorum triste, &. vaginatum, 
Carex bigelowii, ~. membranacea, Polygonum bistorta, Stellaria laeta, 
Senecio spp., Tomenthypnum nitens, and Hylocomium spp. 

d. MOIST GRAMINOID TUSSOCK is a subclass related to part of the scrub 
subclass mesic erect dwarf scrub. Species dominating this class include 
the tussock producing Eriophorum vaginatum and Carex bigelowii. Also 
occurring are Betula nana, Salix planifolia ssp. pulchra, ~. reticulata, 
Dryas integrifolia, Vaccinium uliginosum, y. vitis-idaea, Pyrola spp., 
Polygonum bistorta, f. viviparum, Cetraria spp., Tomenthypnum nitens, 
Hylocomium splendens, and Ptilidium ciliare. 

4. SCARCELY VEGETATED AREAS. In this class plants are scattered or absent and 
bare mineral soil or rock determines the overall appearance of the landscape. 

a. SCARCELY VEGETATED SCREE (5-20 % plant cover) comprises steep slopes of 
stones beneath weathering rocks. It is a very open fellfield and often 
grades into dry prostrate dwarf scrub. Some shrubs commonly found in 
this type, in prostrate or decumbent forms, are Betula. 
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Appendix I. Continued. 

b. 

~. Dryas integrifolia, Q. octopetala, Vaccinium uliginosum, Cassiope 
tetragona, and Salix phlebophylla. Some other species found include 
Umbilcaria spp., Cystopteris spp., Diapensia lapponica, Cetraria spp., 
Lupinus arcticus, and Carex spp. 

BARREN SCREE (less than 5% plant cover) 
vegetated scree. It may form a type 
blackish lichens, particularly the 
Cornicularia, and Pseudophebe. These 
life's possibilities and the sites may 

is less vegetated than scarcely 
of lichen tundra dominated by 

genera Umbilicaria, Cetraria, 
plants are on the very limit of 
be devoid of flowering plants. 

c. SCARCELY VEGETATED FLOODPLAIN is a subclass that is a result of the 
initial invasion of plants on recent river alluvium. Plant cover averages 
5-20 percent. Some of the more common species include Epilobium 
latifolium, Calamagrostis canadensis, Bromus spp., and Salix spp. On 
the coastal plain (below the 500 meter contour) this type includes 
alluvial deciduous scrub communities. 

d. BARREN FLOODPLAIN is less vegetated than scarcely vegetated floodplain. 
It consists of alluvium and includes silt, sand, and rocks. Plant cover 
is less than 5 percent and includes the same species as scarcely vegetated 
floodplain if present. 

5. OTHER CATEGORIES. 

a. CLEAR WATER including lakes, pond, and rivers. 

b. CLOUDS or ICE are dependent upon individual yearly weather patterns. 
Ice, in the form of pack ice and aufeis, may or may not be present on 
the ground or in the ocean as depicted on the map. Glacial ice in the 
mountains is probably stable and what is shown on the map could be found 
on the ground. 

c. SHALLOW WATER includes riverine areas in which the water is shallow or 
when the satellite sensor received spectral data from both water and 
gravel bars and recorded them as one class. 

d. OFFSHORE WATER is the Beaufort Sea shoreline as was digitized on the 
Flaxman Island, Barter Island, Demarcation Point, and Mount Michelson 
quads and applied to the land cover image. Those water areas north of 
the shoreline were labeled offshore water. 

e. SHADOW--This type includes both terrain shadow (that is, mountain shadow) 
and cloud shadow. 
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ANWR Progress Report No. FY86-l4 

Terrestrial bird populations and habitat use on coastal plain tundra of the 
Arctic National Wildlife Refuge, Alaska. 

Russell M. Oates, David C. Douglas, Marta McWhorter, Christopher A. 
Babcock. U.S. Fish and Wildlife Service, Arctic National Wildlife Refuge, 
Fairbanks, Alaska. 

Abstract: Five breeding season and 3 post-breeding season bird censuses 
were conducted on 119 10-ha plots representing 7 habitat types at 8 study 
sites on the coastal plain of the Arctic National Wildlife Refuge in 1985. 
Six of these sites were sampled in previous years. Plant flowering and bird 
breeding phenologies were similar among years for most species. I.Japland 
longspurs were most common in Riparian and upland habitats during 
reproductive and post-reproductive seasons and primarily nested in upland 
habitats, with differences in habitat use among locations. Pectoral 
sandpipers preferred Flooded and other wet habitats for foraging and nesting 
during the reproductive season, and Flooded and upland (except Tussock) 
habitats during the post-reproductive season with large density variations 
within habitats among locations. Semipalmated sandpipers were seen most 
often in Riparian habitat during the breeding season. No significant 
differences among habitats in nest densities and bird densities in the 
post-reproductive season were observed. Densities varied up to 20-fold 
among locations within habitats. Lesser golden-plovers were found in 
significant numbers in all habitats through the summer but densities were 
highest in Riparian habitats. Location was a significant factor in relative 
use of Flooded and Tussock habitats. Red-necked phalaropes strongly 
preferred Flooded habitat for foraging and nesting during reproductive and 
post-reproductive seasons, but use of Flooded (and most other) habitats 
declined during the post-reproductive season. Riparian and Flooded habitats 
had the highest densities of total birds and the greatest numbers of species 
during the reproductive and post-reproductive seasons. Significant annu!ll 
variability was observed. Lapland longspur densities at Okpilak and in some 
habitats at Aichilik, Sadlerochit and Jago Delta, and nest densities at Jago 
Delta changed yearly. Densities of pectoral sandpipers declined 
significantly in all habitats at Jago Bitty and in some habitats at 
Aichilik, but increased in some habitats and decreased in others at 
Okpilak. Pectoral sandpiper nest densities fluctuated among years 
independently of bird densities. Semi palma ted sandpiper densities annually 
fluctuated at Okpilak but generally declined at Katakturuk and Aichilik. 
Lesser golden-plover densities changed yearly in Moist Sedge-Shrub habitat 
at Okpilak and in Tussock habitat at Sadlerochit, and declined at Aichilik, 
but nest densities increased in Tussock habitat at Sadlerochit and in all 
habitats at Jago Delta where no nests had been found previously. Red-necked 
phalarope densities increased among years at Jago Bi tty and decreased in 
Moist Sedge-Shrub at Aichilik. No consistent patterns of total bird use 
were observed among years. Variation among censuses within study plots was 
often the highest source of variation for bird densities during the 
reproductive and post-reproductive seasons. Variation in nest densities 
among replicate plots within habitats was usually higher than variation 
among locations within habitats. 
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ANWR Progress Report No. FY86-l4 

Terrestrial bird populations and habitat use on coastal plain tundra of the 
Arctic National Wildlife Refuge. 

A prerequisite for the assessment and minimization of impacts due to 
increased energy explor8tion and development activity is a thorough 
knowledge of terrestrial bird populations and the relative importance of the 
habitat types which they occupy (Brooks et al. 1971, Bergman et al. 1977, 
Myers and Pitelka 1980, Derksen et al. 1981). Prior to this study several 
terrestrial bird census projects were undertaken by the U.S. Fish and 
'l'lildlife Service (USFWS) and other researchers to document status, 
distribution, popul8tion levels, and habitat use by birds in various (mostly 
coastal) locations, on the Arctic National Wildlife Refuge (ANWR) north 
slope. Studies by Schmidt (1970) at Beaufort Lagoon and Magoun and Robus 
(1977) of the area between the Jago and Katakturuk Rivers were extensive in 
sample coverage, and were followed by several more intensive site-specific 
studies: Spindler (1978) at the Okpilak River delta, Burgess (1984) at 
Demarcation Bay in 1978 and 1979, and Martin and Moi to ret ( 1981) at the 
Canning River delta. Synthesis of data from these studies indicated that 
habitat use patterns by nesting and transient populations of common species 
varied spatially between differing habitats and within the same habitat 
types, and varied seasonally and annually within the same habitat type (U.S. 
Fish and Wildlife Service 1982). Major data gaps identified were: l) 
insufficient intensive coverage for inland and riparian habitats and 2) 
insufficient sample size for several of the habitat types that would allow 
ranking of habitats according to levels of bird use (U.S. Fish and Wildlife 
Service 1982). To assess seasonal and annual variation in habitat use with 
statistical validity, geographically dispersed replicates within each 
habitat over several years are desirable (Bell et al. 1973, States et al. 
1978, Myers and Pitelka 1980, Anderson et al. 1981, Hilden 1981, Martin and 
Moitoret 1981, Svensson 1981, Wiens 1981). 

In 1982, an intensive bird census study was initiated to provide multi-year 
population data for 4 habitats on 2 sites (one coastal and one inland) on 
the coastal plain of the refuge (Spindler and Miller 1983). Primary 
objectives were to determine annual and seasonal changes in populations of 
key tundra-nesting bird species on inland and coastal tundra ha bi tats as 
defined by recent Landsat habitat mapping efforts (Walker et al. 1982) and 
to compare the sampling efficiency of small (10 ha) plots vs. larger (25 or 
50 ha) plots. Findings of the 1982 study showed that breeding densities 
varied between habitat types and that the highest densities were found in 
the Ripariana and Mosaic (Moist/Wet Sedge Tundra)a types (Spindler and 
Miller 1983). Additionally, variability of bird densities within a habitat 
type differed among habitat types, with Wet Sedge and Tussock being the most 
variable. The 1982 study also indicated that 10 ha was the more efficient 
plot size for determining bird density given the observed variation between 
plots. 

The study design in 1983 was expanded to include an additional study site 
and a total of seven. habitats. Primary objectives were to: 

a Habitat type names adapted from Walker et al. (1982) (see Table 1). 
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l. Determine and compare densities of breeding, resident, and transient 
birds in the major habitat classes defined by recent Landsat mapping of 
the ANWR coastal plain, as modified by Spindler et al. (1984). 

2. Determine breeding, resident, and transient population density 
estimates of quality sufficient to make total population extrapolations 
for the ANWR coastal plain. 

3. Determine baseline levels of annual and seasonal variation for the 
most abundant species (pectoral sandpiper and Lapland longspur) and less 
abundant, but conspicuous, species (red-necked phalarope, lesser 
golden-plover, and semipalmated sandpiper). 

Three replicate census plots were established in each Landsat-identified 
habitat type (Walker et al. 1982) at each study site. Based on the habitat 
classification of the Landsat map, it was anticipated that estimates of bird 
densities derived from sample plots could be extrapolated to areas of like 
Landsat classes elsewhere on the coastal plain of the Refuge. 

Numerous problems of misclassification or overlap of habitat types on the 
Landsat map, as documented in Spindler et al. ( 1984), created difficulties 
in addressing objectives 1 and 2. Objective 1 was modified to estimate and 
compare breeding, resident, and transient bird densities for habitats that 
could be identified on the ground using a modified Landsat classification 
scheme (Table 1). The modifications in methods included adding the Riparian 
habitat type and dividing Landsat class IV into two types: Mosaic (which 
included subcategories of Landsat classes III and IV) and Moist Sedge (which 
was not defined by Landsat). Problems associated with population 
extrapolations for the ANWR coastal plain were not resolved. Estimates of 
bird densities by habitat could still be applied on a site-specific basis in 
order to assess potential impacts of a particular activity. 

The results of the 1983 analyses indicated that three habitats (Flooded, 
Riparian, and Mosaic) had significantly higher bird densities and greater 
diversity of species than the other four habitats. Riparian habitat had 
significantly higher nest densities than all other habitats. Significant 
differences in bird densities due to location were primarily attributed to 
differences in habitat types available and their quality at inland versus 
coastal sites. Significant seasonal variahility (which varied between 
habitats) suggested that certain habitats, such as Wet Sedge, were more 
important for staging and feeding by migrating flocks than for breeding 
birds during the post-breeding season. Analysis of annual variability for 
1978, 1982, and 1983 at a single site ( Okpilak) indicated that there were 
significant population changes between years which were not consistent for 
each habitat. 

Experimental design for the 1984 season was similar to the 1983 design. 
However, three different study sites were censused to provide more 
information on locational variation of avian habitat use, and additional 
censuses were conducted during the post-breeding season to provide more data 
on seasonal habitat use. Levels of annual variability could not be 
addressed with three new study sites, and this analysis was deferred U'1til 
1985. 
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Table 1. Habitat classes of bird census plots, Arctic National Wildlife Refuge, Alaska, 1982-1985. Correspondence 
with the dominant Landsat cover units (Walker et al. 1982), or other vegetation types where applicable, is 
shown. 

Habitat class 
No.a Abbreviated name 

II Flooded 

III Wet Sedge 

IV Moist Sedge 

IVa Mosaic 

v Moist Sedge-Shrub 

VI Tussock 

IX Riparian 

Landsat cover 
unit 

Pond/Sedge Tundra Complex (IIa) 
Aquatic Tundra (IIb) 
Wet Sedge Tundra - Very wet complex (IIIb) 

Wet Sedge Tundra - Noncomplex (IIIa) 

Moist/Wet Sedge Tundra Complex (IVa) 
Wet Sedge Tundra-Moist Complex (IIIc) 

Moist Sedge, Prostrate Shrub Tundra (Va) 
Moist Sedge/Barren Tundra Complex

(frost-scar tundra-Vb) 

Moist Sedge Tussock, Dwarf Shrub 
Tundra (VIa, b) 

Dry Prostrate Shrub, Forb Tundra 
(Dryas River Terraces-IVb) 

Partially Vegetated Areas-River Bars (IX) 
Barren Gravel or Rock (X) 
Barren Mud or Wet Gravel (XI) 

a Number generally corresponds with dominant Landsat cover unit number 

Dominant cover types 
not recognized by Landsat 

moist sedge tundra (mesic)b 
sedge-willow tundra (mesic)C 
willow-sedge tundrac 

low willowC 

b Homogenous moist sedge meadow with little or no micro-relief (Spindler et al. 1984) 
c Vegetation type described by Viereck et al. (1982) 



Analyses of 1984 data revealed that different habitats generally had higher 
bird densities at each of the three study locations: Moist Sedge-Shrub at 
Aichilik; Riparian at Sadlerochit; and Mosaic at Jago Delta (Moitoret et al. 
1985). However, Mosaic habitat had significantly higher total nest 
densities than other habitats at hoth locations (Sadlerochit, Jago Delta) at 
which it occurred. Total bird densities were higher in Wet Sedge habitat at 
coastal locations than at the inland site throughout the summer. Densities 
of total birds increased from reproductive to post-reproductive season in 
three habitats: Wet Sedge (primarily at Jago Delta), Moist Sedge (at 
Aichilik), and Riparian (primarily at coastal locations). Spatial and 
temporal variability of bird densities also increased during the 
post-breeding season, largely due to movements of migratory flocks (Moitoret 
et al. 1985). 

A clustering and ordination analysis (TWINSPAN) of 1983 and 1984 
reproductive season census data showed Flooded and Riparian plots were 
distinct from all other habitats, with higher and more diverse bird use 
(Moi toret et al. 1985). The remaining five plot-types were separated into 
those with very wet habitats or high interspersion of habitats (all Mosaic 
plots, most Wet Sedge plots, and Moist Sedge-Shrub and Tussock plots with 
interspersions of ponds) versus those with more uniform and generally drier 
habitats (all Moist Sedge plots, most Tussock plots, Moist Sedge-Shrub plots 
vl"i thout ponds, and a few marginally wet Wet Sedge plots). The former 
category had higher and more diverse bird use than the latter. 

Materials and Methods 

Study Area 

The study was conducted on the ANWR coastal plain from 31 May to 30 August 
1985. The arctic coastal plain is a relatively flat 790,000 ha portion of 
the 7,300,000 ha refuge, extending from the northern foothills of the Brooks 
Range to the Beaufort Sea coastline. It contains four major landform types 
described by Walker et al. ( 1982): thaw-lake plain near the coast , in the 
vicinity of the larger river deltas, floodplain extending along the major 
river and creek drainages, hilly coastal plain areas, and foothills. Ten 
study sites were established for the project (Fig. l), but only eight were 
censused in 1985 (Table 2). 

Study sites for the project were selected primarily on the basis of 
representation of major modified Landsat habitat types (Table 3a) and 
landform types (Table 3b), geographic distribution throughout the study 
area, and representation of both coastal and inland areas. Other 
significant considerations included proximity to several (4-5) habitats 
within walking distance of a central camp location, availability of data 
from previous studies (Okpilak Delta), and likely areas of high impact from 
potential oil development (Marsh Creek, Niguanak). 
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Fig. 1 Terrestrial bird study sites on the coastal 
plain study area, Arctic National Wildlife Refuge, 

Alaska. 
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Table 2. Terrestrial bird study sites on the coastal plain study area, 
Arctic National Wildlife Refuge, Alaska, 1982-1985. 

Study site name Abbrieviationa Years censused 
1982 1983 1984 1985 

Coastal sites: 
Okpilik OKP X X X 
Jago Delta JDE X X 
Sadlerochit SAD X X 

Inland sites: 
Katakturuk KAT X X X 
Jago Bitty JBI X X 
Aichilik AIC X X 
Marsh Creek MCR X 
Niguanak NIG X 

a Study site names are abbreviated in some figures and tables. 

The Okpilak (OKP) study area was located 1-6 km inland from marine waters of 
the Beaufort Sea and 11-16 km southwest of the village of Kaktovik on Barter 
Island (Fig. 2). This study area included large lake and wetland areas. 

'l'he Sadlerochit (SAD) study site, located at the mouth of the Sadlerochit 
River on the west bank, extended 0.5-6 km inland from the Beaufort Sea and 
-vms approximately 34 km southwest of Kaktovik (Fig. 3). It was the only 
study site in an area where the foothills landform type extends to the 
Beaufort Sea coast. The Sadlerochit site therefore differed from other 
coastal sites in the presence of drier inland-type habitats and the absence 
of large lakes or wetlands. 

'l'he Jago Delta (JDE) site was located on the east side of the Jago River, 
2-7 km from the Beaufort Sea and about 14-19 km east-southeast of Kaktovik 
(Fig. 4). It differed from the Sadlerochit Delta site by the presence of 
extensive shallow ponds. While the Okpilak Delta site was in the thaw-lake 
plain landform, the Jago Delta site consisted of floodplain and hilly 
coastal plain in which there were relatively few large lakes. 

The Katakturuk (KAT) study area was an inland site about 75 km 
west-southwest of Kaktovik (Fig. 5). It was located 15-17 km south of the 
Beaufort Sea and 22-24 km north of the Sadlerochit Mountains, along the 
Katakturuk River. The Katakturuk River study area differed from the Okpilak 
River delta study area by the presence of more extensive prostrate shrub 
ground cover in Moist Sedge-Shrub Tundra, presence of Tussock Dwarf Shrub 
Tundra, absence of extensive wetlands, and greater topographic relief 
(Spindler and Miller 1983). 
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Table 3a. Number of 10-ha plots of each habitat type at each bird study site, coastal plain, Arctic 
National Wildlife Refuge, Alaska, 1985 

Habitat (Class No.) 
Flooded Wet Moist Mosaic Moist Tussock Riparian 

Study areas Sedge Sedge Sedge-Shrub 
(census years) (II) (III) (IV) (IVa) (V) (VI) (IX) 

Coastal sites: 
Okpilak ( 82a, 83, 85) 3 3 4 2 2 
Jago Delta (84, 85) 3 3 3 3 3 
Sadlerochit (84, 85) 3 3 3 3 3 

Inland sites: 
Katakturuk (82a, 83, 85) 1 2 3 3 3 
Jago Bitty (83, 85) 3 3 3 3 3 
Aichilik ( 84, 85) 3 3 3 3 3 
Marsh Creek (85) 1 3 4 3 3 
Ni uanak (85) 3 3 3 3 

a Not all habitats censused; see Spindler and Miller 0983) for sampling design 

Table 3b. Landform types represented at each bird study site, coastal plain, Arctic National Wildlife 
Refuge, Alaska, 1985. 

Study area 

Coastal sites: 
Okpilak 
Jago Delta 
Sadlerochit 

Inland sites: 
Katakturuk 
Jago Bitty 
Aichilik 
Marsh Creek 
Niguanak 

a Walker et al. 

~--~--~----~--~~-L~a~n~d~f~o~rm~t~y~p~ea ________________ __ 
Floodplain Thaw-lake Hilly coastal Foothills 

X 
X 
X 

X 
X 
X 
X 

(1982) 

plain plain 

X X 
X 
X 

X 

X 

X 

X 
X 

X 



The Jago Bitty (JBI) study area was an inland site situated 45 km south of 
Kaktovik. It was located 37-43 km south of the Beaufort Sea and 30-36 km 
north of the Brooks Range, on the Jago River and was approximately 13 km 
northeast of VABM Bi tty (Fig. 6). It was similar to the Katakturuk study 
area in extent of willow cover in the Riparian habitat, extent of shrub 
cover in the Moist Sedge-Shrub and Tussock habitats, absence of wetlands, 
and amount of topographic relief. It differed from the Katakturuk River 
study area in that the area included some large lakes and extensive Wet 
Sedge habitat nearby. Moist Sedge habitats contained more erect willow 
cover than Katakturuk, yet willows in the Riparian habitats at Jago-Bi tty 
were shorter than at Katakturuk. 

The Aichilik (AIC) study site, located about 60 km southeast of the village 
of Kaktovik, was approximately 32-37 km inland from the Beaufort Sea and 
10-15 km from the Brooks Range (Fig. 7). This site differed from Katakturuk 
and Jago Bitty study areas by having less topographic relief. The Aichilik 
study site was entirely within the floodplain, whereas the inland sites 
additionally represented foothills and hilly coastal plain landforms. 

The Marsh Creek (MCR) site was located 58 km southwest of Kaktovik and 13 km 
inland from the Beaufort Sea, on Marsh Creek (Fig. 8). This area was 
characterized by lush, riparian willows and sedge meadows along the creek, 
and dense tussocks on the surrounding hills. Riparian shrub cover was 
generally taller and more extensive than in the other study areas, and 
extensive wetlands and lakes were absent. The area was primarily within the 
foothills landform type, and a narrow strip of floodplain was present along 
the creek. 

The Niguanak (NIG) site, 30 km southeast of Kaktovik, was located adjacent 
to a large lake between the Jago and Niguanak Rivers (Fig. 9). It was 24 km 
inland from the Beaufort Sea coast and 42 km from the Brooks Range. This 
was the only site located exclusively within the hilly coastal plain 
landform, and it differed from other inland sites by the presence of 
extensive wetlands. Drier ridges were interspersed throughout the wetlands, 
and rolling hills dissected by steep drainages were present in the northern 
part of the study site. 

Plot Selection and Surveying 

Generally, 3 replicate plots were chosen randomly within each habitat at 
each location whenever sufficient habitat existed (Table 2). When available 
habitat precluded random selection, plots and their orientation were 
selected to fit within available habitat, with plots no closer than 100m to 
another replicate in the same habitat. 

Bird census plots were 10 ha, and generally were 200 m by 500 m. Plots of 
150 m by 667 m were established in habitats (particularly riparian willow) 
which were too linear for 200 m wide plots. 

Study plots at Sadlerochit, Katakturuk, and Jago Bitty were 
Silva Ranger hand-held compass and 50 m surveyor's chain. 
were surveyed using an Ushikata transit and 50 m chain. 
marked on a 50 m x 100 m grid system using numbered wooden 
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at each intersection. Plot corners were also marked with 46 em long steel 
concrete reinforcement bar labeled with aluminum tags. Plot locations were 
documented on aerial photographs of 1:18,000 scale and are on file at the 
ANWR office, Fairbanks, Alaska. 

Plot Census 

Censuses consisted of: 1) counting all birds present to estimate total bird 
populations and 2) intensive search for nests and mapping of birds to 
estimate breeding bird density. All plots at the 1985 study sites were 
censused weekly during the last three weeks of June and first two weeks of 
July. Nesting habitat data were collected during the third week in July. 
The sixth census was conducted during the fourth week in July and seventh 
and eighth censuses were conducted on the second and third weeks in August. 
The field season then ended at all locations except Niguanak and Jago Delta, 
where crews remained and conducted 2 more censuses ending on 30 August. 

Census methods, consistent with those described by Spindler ( 1978), Martin 
and Moitoret (1981), and Spindler and Miller (1983), were an adaptation of 
the spot mapping method (Williams 1936, IBCC 1970). Each census was 
performed by three or four people walking abreast, evenly spaced between the 
grid lines. When only 2 people were available for censusing, a zig-zag 
pattern was followed to insure complete coverage of plots. Species, sex, 
direction of flight, and location of all birds were recorded on a scaled map 
of the plot. Notes were made of any behavior suggesting a nearby nest, and 
extra effort was made to find nests in such situations. Eggs in unoccupied 
nests were identified using Harrison ( 1978). Censuses were not initiated 
during adverse weather conditions of strong wind (greater than 24 km/h), 
precipitation, or fog. If weather conditions deteriorated, censuses already 
initiated were completed, but no new censuses were begun until conditions 
improved. 

Each nest was marked with a numbered tongue depressor placed in the ground 
1 m from the nest in the direction of the nearest stake. Nest number, plot 
number, coordinate location of nest within plot, compass bearing in degrees 
and distance from nearest plot stake, species, date, sex of bird flushed 
from nest, and any hatching success/predation information were recorded on 
North American Nest Record Cards provided by Cornell University, Ithaca, 
N.Y. for each nest. Bird names and phylogenetic order follow the American 
Ornithologists' Union (1983). 

Censuses were generally conducted on all plots of the same habitat at all 
study sites on the same day. Habitats were censused in the same order each 
week, but the order in which replicate plots within a habitat were censused 
was varied. A different starting point within each plot was chosen for each 
census. 

Bird and Nest Density 

Population density for each species (including breeders, transients, and 
migrants) in each habitat type, was estimated by averaging the total number 
of birds, excluding unfledged young, observed in each replicate plot, for 
each of the five censuses in the breeding season. Post-breeding population 
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density was estimated in the same way using data from the last three 
censuses. Breeding bird population estimates were based on number of nests 
found in intensive nest searches of plots. Bird densities from the 10 ha 
plots were expressed as birds/km2. Total counts on each census of each 
plot comprised the raw data used in statistical tests. 

Data Analysis 

Plant phenology data were compared among locations with Friedmans tests 
(Sokal and Rohlf 1981). Bird nesting phenology data were tested among 
locations and among years with chi-square contingency tests ( Snedecor and 
Cochran 1967). 

Bird and nest densities were analyzed with analysis of variance tests 
(ANOVA) utilizing SAS General Linear Models procedures (SAS Institute 
1985). Censuses were grouped into two seasons (reproductive and 
post-reproductive) based on the breeding phenology of key bird species. 
Reproductive season was defined as the period beginning with the initiation 
of observations in early June and ending two weeks after 90 percent of 
observed nests of key species had hatched (this allowed time for chicks to 
fledge and gain some degree of independence from their parents). 
Post-reproductive season was defined as the period beginning at the end of 
the reproductive season and ending at the termination of observations in 
August. 

Variables tested included means for total birds, total species, Lapland 
longspurs, pectoral sandpipers, semipalmated sandpipers, lesser 
golden-plovers, red-necked phalaropes, and nests for these species and 
groups. Means for a species in a habitat type at a location during a season 
of one year were derived from means of numbers of that species seen on all 
replicate plots in that habitat at that location for all the censuses during 
the season during that year. Variance due to replicate plots was 
partitioned out in the ANOVA ( Snedecor and Cochran 1967). Three primary 
analyses were conducted: tests for differences in habitat, location, and 
season for 1985 data; tests of habitat and year for all four years' data; 
and the derivation of variance components for 1985 data to facilitate the 
examination of sampling variability. 

In the 1985 analyses, initial tests were conducted for differences in bird 
densities and number of species due to habitat, season and their 
interaction. Locations were pooled and season was treated as a repeated 
measure (Winer 1971). Tests were then conducted to determine differences 
within habitats due to location, and season and their interaction. Season 
was again treated as a repeated measure. 

Annual variability was examined with tests for habitat, year, and their 
interaction within a given location. Year was treated as a repeated measure. 

The Least Significant Difference test (Steele and Torrie 1980) was used to 
determine significant differences between mean bird and nest densities of 
individual habitats, of individual locations within habitats, of individual 
habitats within each location, of seasons within habitats, and of years 
within habitats, when statistical significance (at P=0.05) was indicated by 
the ANOVA analyses. 

85 



Results and Discussion 

Phenology 

Snow melt 

Snow melt on the ANWR coastal plain in 1985 occurred at approximately the 
same time as in 1984 but was earlier than in 1983. Over 90% of the coastal 
plain was snow free by 22 May and the Jago River began flowing at the Delta 
on 23 May. Most small ponds and lakes were free of surface ice by l June 
although some large lakes had surface ice until late June. Aichilik 
retained some snow in Tussock plots until the first week of June. Snow 
cover was 80% complete on l June in 1983 and melted suddenly between l and 3 
June. 

Plant flowering 

First flowering dates for common plant species were compared to assess 
phenological differences between the 8 study sites censused in 1985 and 
between years (Appendix Table I). There were no significant differences 
among the 8 study sites censused in 1985 for first flowering dates of 5 
common species (Friedman Test, P>0.05). In. addition, when Marsh Creek was 
omitted (which doubled the number of species common to locations) there were 
a(lso no significant differences between first flowering dates observed 
Friedman Test, P>0.05). 

Comparisons between 1985 and previous years were confined to the locations 
Which were common among years. Comparisons between 1984 and 1985 were 
further confined to Sadlerochit as sampling methods were different at 
Aichilik and Jago Delta in 1984 and 1985. Phenologically, 1985 was 
slightly, but not significantly, earlier than 1983 based on a comparison of 
ll species and slightly, but not significantly, later than 1984 based on a 
comparison of 18 species. 

Bird Nesting 

Distributions among census periods of numbers of nests containing eggs were 
statistically similar for locations for all 5 key species in 1985 (Table 
4!·. Therefore, nest phenology data were pooled across locations (Fig. 10). 
S~mllarly, breeding phenology was statistically similar among locations 
Wl thin years in 1984 and 1983 and locations were pooled within years for 
comparison with common locations censused in 1985. 

~:sse~ golden-plover was the only key species in which temporal 
lstn butions of nests with eggs were statistically different between 1984 

an~ 1985 (Table 5). Apparently, golden-plover nesting phenology was 
shghtly earlier in 1985 than in 1984 (Table 6). In addition, plovers 
YJ.(ested in a greater variety of habitats and in higher densities in 1985 
Table 7). 

D· . 
lstrlbutions of nests containing eggs among census periods were 

statistically similar in 1983 and 1985 for all 5 key species (Table 8). 

The 1985 breeding season, based on breeding phenology of the 5 key 
was considered to be census periods l-5 (5 June 7 July) 
Post-breeding season consisted of censuses 6-8 (8 July- 15 August). 
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Table 4. Chi-square values for tests of distributions of nests of 5 bird 
species among census periods for 8 study sites on the coastal plain 
of the Arctic National Wildlife Refuge, Alaska, 1985. 

Species 

Lapland longspur 
Pectoral sandpiper 
Semipalmated sandpiper 
Lesser golden-plover 
Red-necked phalarope 

Chi-square Value 

46.52 
35.78 
32.37 
47.89 
20.97 

d. f. 

35 
35 
35 
35 
35 

p 

0. 05 < p < 0.10 
0.10 < p < 0.50 
0.50 < p < 0.90 
0.05 < p < 0.10 
0.90 < p < 0.975 

Table 5. Chi-square values for tests of distributions of nests of 5 bird 
species among census periods at Aichilik, Sadlerochit, and Jago 
Delta (locations pooled within years) on the coastal plain of the 
Arctic National Wildlife Refuge, Alaska, 1984 and 1985. 

Species Chi-square Value d. f. p 

Lapland longspur 10.45 5 0.05 <P<O.lO 
Pectoral sandpiper 4.32 5 0.50 < p < 0.90 
Semipalmated sandpiper 7.84 5 0.10 < p < 0. 50 
Lesser golden-plover 12.29 5 0.025< p < 0.05 
Red-necked phalaropea n.a. 5 n.a. 

a Red-necked phalaropes were not tested due to insufficient sample sizes. 

Table 6. Distributions among census periods of total numbers of lesser 
golden-plover nests with eggs at Aichilik, Sadlerochit, and Jago 
Delta (locations pooled within years) on the coastal plain of the 
Arctic National Wildlife Refuge, Alaska, 1984 and 1985. 

Year 

1984 
1985 

0 

oa 
4 

Sample Period 
1 2 3 

0 
7 

l 

7 
8 

12 

4 

6 
3 

a Indicates time period before censuses were initiated. 
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Table 7. Total numbers of lesser golden-plover nests observed in 7 habitats 
at Aichilik, Sadlerochit, and Jago Delta (locations pooled within 
years) on the coastal plain of the Arctic National Wildlife Refuge, 
Alaska, 1984 and 1985. 

Year 

1984 
1985 

II 

0 
0 

III 

0 
2 

IV 

3 
2 

Habitat 
IVa 

2 
3 

v 

0 
3 

VI 

3 
8 

IX 

4 
6 

Table 8. Chi-square values for tests of distributions of nests of 5 bird 
species among census periods at Okpilak, Katakturuk, and Jago Bitty 
(locations pooled within years) on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, 1983 and 1985. 

Species Chi-square value d. f. p 

Lapland longspur 3.22 4 0.75>p>0.50 
Pectoral sandpiper 6.47 4 0.25>p>O.l0 
Semipalmated sandpiper 2.56 4 0.75>p>0.50 
Lesser golden-plover 5.69 4 0.25> p>O.lO 
Red-necked phalaropea n.a. 4 n.a. 

a Red-necked phalaropes were not tested due to insufficient sample sizes. 
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Bird Use of Tundra Habitats 

This section is divided into three primary sections: "Differences Due to 
Habitat, Season, and Location in 1985", "Annual Variability", and "Sampling 
Variability: Location, Study Plot, and Census." The first section examines 
data collected in 1985 by presenting the results of statistical tests for 
differences in habitat, seasonal, and locational use by each of the 5 key 
species individually. Total birds and total species are then considered 
together and discussed by individual habitats. The "Annual Variability" 
section also considers the five key species i ndi vi dually. These sections, 
the results of tests for differences in year, habitat, and location, are 
further divided into discussions of locations sampled in each of two 
different annual sample cycles (1982, 1983, 1985 and 1984, 1985). 

Total birds and total species are again considered together but results are 
presented by individual locations. The "Sampling Variability" section 
details documented and suspected sources of sampling variability, discusses 
the relative importance of the various sources, and provides a means for 
evaluating sufficiency of sample size for the 1985 results. 

Differences In Bird Use Due to Habitat, Season, and Location in 1985 

Lapland longspurs 

Lapland longspurs were most common in Riparian and upland habitats (Table 
9). In addition, they were also common in Wet Sedge habitat where they 
foraged and nested on raised polygon rims and strangs (McWhorter et al. 
1987). Although highest densities of longspurs were observed in Riparian 
habitat when locations and seasons were pooled in 1985, nest density in 
Riparian was significantly lower than in Moist Sedge-Shrub, Tussock, and 
Mosaic (Table 10). 

Overall, densities of longspurs declined significantly during the 
post-reproductive season, however, slight (nonsignificant) increases were 
observed in Riparian and Moist Sedge-Shrub habitats. Longspurs near Barrow 
fed heavily on Ten thredenid (sawfly) larvae during the late July through 
August period (Custer and Pi telka 1978). As sawfly larvae feed on willows 
(Holmes 1966), willow-rich habitats (Riparian and Moist Sedge-Shrub) may 
have supported higher densities of sawflies and therefore higher densities 
of longspurs during the post-reproductive period. Riparian habitat seemed 
to offer fewer high quality nesting sites but better foraging and 
brood-rearing areas than some other habitats. Flooded and Moist Sedge 
habitats were among the lowest in densities of longspurs and their nests. 

Sadlerochit had significantly higher densities of longspurs in Riparian 
habitat for pooled seasons than all other locations except Katakturuk (Table 
ll). Nest densities were statistically similar among locations and there 
appeared to be no strong correlation (r=0.2554, P> 0.05) between bird and 
nest densities among locations for Riparian habitat. Although no overall 
significant increase occurred during the post-reproductive season, longspur 
density appeared to increase at all locations except Sadlerochit and 
Katakturuk. 
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Table 9. Mean densities of Lapland longspurs (birds/km2) during the 
reproductive and post-reproductive seasonsa observed in 7 
habitats pooled by location on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, 1985. 

Mean Lapland Longspurs/km2 

(Habitat P<O.OOl; Season P=0.030; Habitat x Season P=0.053) 

IX 

216 
235 

a 

IVa V 

139 107 
114 117 

III VI 

91 87 
66 63 

II 

80 
45 

IV 

59 
48 

Reproductive Season - A 
Post-Reproductive Season - B 

Sample sizes; reproductive: II n=45, III n=95, IV n=55, IVa n=50, V 
n=ll5, VI n=89, IX n=93; post-reproductive: II n=27, III n=56, IV n=31, 
IVa n=30, V n=69, VI n=54, IX n=55. Underlining indicates habitat means 
which are not significantly different at P=0.05; seasons followed by the 
same letter are not significantly different at P=0.05. 

Table 10. Mean densi ti·es of Lapland longspur nests (nests/km 2; observed 
in 7 habi tatsa pooled by location on the coastal plain of the 
Arctic National Wildlife Refuge, Alaska, 1985. 

v 
24 

Mean Lapland Longspur Nests/km2 

VI 
21 

(Habitat P<0.002) 

IVa 
16 

IV 
13 

IX 
13 

III 
12 

II 
7 

a Sample sizes: II n=9, III n=l9, IV n=ll, IVa n=lO, V n-23, VI n-18, IX 
n=l9. Underlining indicates habitat means that are not significantly 
different at P=0.05. 
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Table ll. Mean densities of Lapland longspurs (birds/km2) observed in 7 
habitats at different locations during the reproductive and 
post-reproductive seasons on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, l985a. Sample sizes were 15 
and 9 for reproductive and post-reproductive seasons except 
where notecl. 

Mean Lapland Longspurs/km2 

RIPARIAN HABITATb 

(Location P=0.006; Season P=0.265; Location x Season P=O.l22) 

SAD 

429 
383 

KAT 

308 
259 

FLOODED HABITAT 

JBI 

153 
167 

JDE 

81 
217 

AIC 

101 
193 

MCR 

140 
149 

Reproductive Season - A 
Post-Reproductive Season - A 

(Location P=0.707; Season P=0.001; Location x Season P=0.558) 

NIG 
79 
54 

JDE 
84 
43 

OKP 
76 
38 

WET SEDGE HABITATc 

Reproductive Season - A 
Post-Reproductive Season - B 

(Location P=0.001; Season P=0.001; Location x Season P=0.165) 

SAD 

179 
158 

OKP 

114 
70 

MOSAIC HABITATd 

KAT 

88 
45 

NIG 

83 
39 

JBI 

61 
58 

JDE 

65 
49 

AIC 

44 
31 

Reproductive Season - A 
Post-Reproductive Season - B 

(Location P=0.399; Season P=0.087; Location x Season P=0.728) 

SAD 
170 
133 

OKP JDE 
139 109 
127 77 

MOIST SEDGE HABITATe 

Reproductive Season - A 
Post-Reproductive Season - A 

(Location P=0.040; Season P=0.322; Location x Season P=0.215) 

KAT 

74 
75 

JBI 

85 
52 

AIC 

38 
58 

MCR 

43 
16 

Reproductive Season - A 
Post-Reproductive Season - A 
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Table 11. (continued). 

MOIST SEDGE-SHRUB HABITATf 

(Location P=0.025; Season P=0.476; Location x Season P=O.l82) 

SAD 

158 
178 

NIG 

101 
171 

OKP 

142 
113 

MCR 

93 
157 

AIC 

102 
118 

JDE 

109 
82 

JBI 

73 
58 

KAT 

___ g 

74 Reproductive Season -A 
61 Post-Reproductive Season -A 

TUSSOCK HABITATh 

a 

h 

c 
d 
e 
f 
g 

h 

(Location P=0.006; Season P=0.003; Location x Season P=0.028) 

Reproductive Season SAD NIG MCR JBI AIC KAT 
SAD NIG MCR JBI AIC KAT 
142 87 84 79 70 60 140 - Bl§l REPRODUCTIVE 

120 - 0 POST- REPRODUCTIVE 
Post-Reproductive Season 100 -
SAD AIC JBI KAT NIG MCR 

80 78 78 70 69 43 38 - -
60 -
40 - -
20 -

0 
AB AB AB AA AA AA 

Underlining indicates location means which are not significantly 
different at p=0.05; seasons followed or subtended by the same letter 
are not significantly different at p=0.05. 
Sadlerochit: reproductive season n=l8, post-reproductive season n=l2, 
and Katakturuk: post-reproductive season n=7. 
Katakturuk: reproductive season n=5, post-reproductive season n=2. 
Okpilak: reproductive season n=20, post-reproductive season n=l2. 
Katakturuk: reproductive season n=lO, post-reproductive season n=4. 
Okpilak: reproductive season n=lO, post-reproductive season n=6. 
Katakturuk was significantly different from Marsh Creek, but was not 
significantly different from Okpilak. 
Katakturuk: reproductive season n=l4. 
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Sadlerochit also had significantly higher densities of longspurs in Wet 
Sedge habitat than all other locations (Table ll). Nest densities were 
statistically similar among locations despite the relatively high numbers 
observed at Sadlerochit (Appendix Table IV). Wet Sedge plots at Sadlerochit 
had an extensive network of Moist Sedge-Shrub strangs that were heavily 
utilized by longspurs and which probably influenced bird and nest 
densities. Longspur densities declined during the post-reproductive season 
(Table H). 

Lapland longspur densities also declined significantly at Sadlerochit, 
Niguanak, and Marsh Creek in Tussock habitat during the post-reproductive 
season (Table ll). However, they appeared to increase in Moist Sedge-Shrub 
at these locations (and to a lesser extent, at Aichilik) suggesting a 
possible shift in habitat use across seasons. 

Pectoral Sandpipers 

Mean pectoral sandpiper density in Flooded habitat was significantly higher 
than in other habitats during the reproductive and post-reproductive seasons 
(Table 12). Densities increased significantly during the post-reproductive 
season in Flooded habi t'3.t, largely due to congregations of local females 
with young and high influxes of fall migrants (McWhorter et al. 1987). 
Among other habitats, pectoral sandpipers occurred most frequently in mesic 
types (Wet Sedge) or those interspersed with small ponds (Mosaic and 
sometimes Moist Sedge-Shrub), while Riparian, Tussock, and Moist Sedge 
habitats received relatively little use. 

Mean nest densities did not differ statistically across habitat types (Table 
13), probably as a result of high variability among sampling locations 
within several habitats (Table 14). For example, in Moist Sedge-Shrub 
habitat, pectoral sandpiper nest densities were 33/km2 at Niguanak, 
20/km2 at Aichilik, and O/km2 at all other locations. 

Inter-location variability was also significant within Flooded and Wet Sedge 
habitats. The relationships between habitat types and pectoral sandpiper 
nest densities often varied depending upon the sampling location. Mean 
pectoral nest density in Wet Sedge habitat at SadlerQChit was significantly 
higher than that at Niguanak, yet the relationship was reversed in Moist 
Sedge-Shrub habitat (Table 14). 

Mean population densities also varied extensively between locations (Table 
15). Although there were no differences among locations within Flooded 
habitat during the reproductive season, densities at Okpilak increased 
significantly over Niguanak and Jago Delta during the post-reproductive 
period. As nest densities were relatively low at Okpilak, the area probably 
was occupied primarily by non-breeding birds and staging fall migrants. 
Evidence also suggested that pectoral sandpipers utilized the more mesic 
habitats available at a given location during the post-reproductive season. 
Densities increased in both Flooded and Mosaic habitat but decreased in Wet 
Sedge habitat (which dried during the summer), particularly at Sadlerochit 
where the decrease in Wet Sedge was accompanied by a substantial increase in 
Mosaic habitat (Table 15). Pectoral sandpiper numbers decreased 
significantly across seasons in Moist Sedge-Shrub habitat at Niguanak. 
Although nesting density was very high at Niguanak, males left the area 
after breeding and females moved their young to the surrounding Flooded 
habitat soon after hatching. 
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Table 12. Mean densities of 
habitatsa pooled 
post-reproductive 
National Wildlife 

pectoral sandpipers (birds/km 2; observed in 7 
over locations during the reproductive and 
seasons on the coastal plain of the Arctic 

a 

Refuge, Alaska, 1985. 

Mean Pectoral Sandpipers/km2 

(Habitat P<O.OOl; Season P<O.OOl; Habitat x Season P<O.OOl) 

Reproductive Season II III IVa v VI IX IV 
II III IVa v VI IC IV 240 
90 37 30 23 6 3 l 200 l!l!ll REPRODUCTIVE 

160 D POST-REPRODUCTIVE 

120 
Post Reproductive Season 
II IVa v III IX IV VI 80 
232 49 32 20 8 8 7 40 

0 
BA AA AA AA AA AA AA 

Sample sizes; reproductive: II n=45, III n=95, IV n=55, IVa n=50, V 
n=ll5, VI n=89, IX n=93; post-reproductive: II n=27, III n=56, IV n=3l, 
IVa n=30, V n=69, VI n=54, IX n=55; underlining indicates habitat means 
which are not significantly different at p=0.05; seasons within habitats 
subtended by the same letter are not significantly different at p=0.05. 

Table l3. Mean densities of pectoral sandpiper nests (nests/km 2) observed 
in 7 habitats pooled over locations on the coastal plain of the 
Arctic National Wildlife Refuge, Alaska, l985b. 

Mean Pectoral Sandpiper Nests/km2 

II 
9 

(Habitat P=O.l232) 

III 
8 

v 
7 

VIa 
5 

VI 
3 

IX 
2 

IV 
l 

a Sample sizes: II n=9, III n=l9, IV n=ll, IVa n=lO, V n=23, VI n=l8, IX 
n=l9. 

b Underlining indicates habitat means that are not significantly different 
at p=0.05. 
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Table 14. Mean densities of pectoral sandpiper nests (nests/km 2) observed 
in 3 habitats at 8 locations on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, l985a. Sample size is 3 for 
all locations except where noted below. 

Mean Pectoral Sandpiper Nests/km2 

FLOODED HABITAT NIG JDE OKP 
(P=0.027) 20 7 0 

WET SEDGE HABITATb SAD JBI AIC NIG KAT JDE OKP 
(P=0.040) 20 16 10 3 0 0 0 

MOIST SEDGE-SHRUB HABITATc NIG AIC OKP KAT JBI SAD JDE MCR 
(P=O.OOOl) 33 20 0 0 0 0 0 0 

a Underlining indicates location means that are not significantly 
different at p=0.05. 

b Katakturuk: n=l. 
c Okpilak: n=2. 
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Table 15. Mean densities of pectoral sandpipers observed in 7 habitats at 8 
locations during the reproductive and post-reproductive seasons on 
the coastal plain of the Arctic National Wildlife Refuge, Alaska, 
l985a. Sample sizes were 15 and 9 for reproductive and 
post-reproductive seasons, except where noted. 

Mean Pectoral Sandpipers/km2 

RIPARIAN HABITATb 

(Location p=O.OOl; Season p=0.329; Location x Season p=0.968) 

SAD MCR AIC JBI JDE KAT 
--------------------~----~ 14 0 3 0 0 l 

21 10 2 4 4 0 

FLOODED HABITAT 

Reproductive Season - A 
Post Reproductive Season - A 

(Location P=O.Ol4; Season P=O.OOl; Location x Season P=O.Ol5) 

OKP NJG JOE 
Reproductive Season 
OKP NIG JDE 400 ~~ REPRODUCTIVE 

126 76 68 

Post-Reproductive Season 
OKP NIG JDE 
404 164 127 

WET SEDGE HABITATc 

300 

200 

100 

D POST--REPRODUCTIVE 

BA AA AA 

(Location P=0.056; Season P=O.OOl; Location x Season P=O.Ol5) 

Reproductive Season 
SAD JBI NIG OKP AIC 

89 48 28 23 21 

Post-Reproductive Season 

JDE KAT 
19 12 

SAD JBI NIG OKP JDE AIC KAT 
51 41 16 16 6 0 0 

--d 

MOSAIC HABITATe 

SAD JBI NJG OKP AIC JOE KAT 

80 ll§!l REPRODUCTIVE 

D POST-REPRODUCTIVE 
60 

40 

20 

AB AA AA AA AB AA AA 

(Location P=O.Ol5; Season P=0.02l; Location x Season P=O.l74) 

JDE SAD OKP 
-4.,-..,6:.------::::2-=3 2 3 

57 64 32 
Reproductive Season - B 
Post-Reproductive Season - A 
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Table 15. (continued). 

MOIST SEDGE HABITATf 
(Location P=0.007; Season P=0.055; Location x Season P=0.023) 

Reproductive Season 
JBI KAT AIC MCR 

4 l l 0 

Post-Reproductive Season 
JBI MCR KAT AIC 

28 l 0 0 

MCR JBI KAT AIC 
28~--~~~~--------------, 

24 

20 

16 

12 

8 

~ REPRODUCTIVE 

0 POST-REPRODUCTIVE 

4 

0~~~~~~--~~----~--· 

MOIST SEDGE-SHRUB HABITATg BA AA AA AA 
(Location P=O.OOl; Season P=O.Ol2; Location x Season P=O.OOl) 

Reproductive Season 
NIG AIC JOE SAD KAT OKP JBI MCR 

NIG AIC JDE SAD KAT OKP JBI MCR 100 §!!§ REPRODUCTIVE 

62 38 31 21 7 7 7 l 0 POST-REPRODUCTIVE 
80 

l 
60 

Post-Reproductive Season 40 
AIC NIG SAD JBI KAT OKP JDE MCR 
104 41 28 23 20 17 10 6 20 

TUSSOCK HABITATi AB BA AB AA AA AA AA AA 

a 

b 

c 
d 
e 
f 
g 
h 

i 

(Location P=0.006; Season P=0.369; Location x Season P=0.002) 
AIC SAD NIG KAT JBI MCR 

Reproductive Season 
AIC SAD NIG KAT 

18 ll 7 2 
JBI 

0 

Post-Reproductive Season 
AIC SAD NIG KAT MCR 
_]£ 3 2 2 l 

MCR 
0 

JBI 
0 

40~------------------------, 

Ell~ REPRODUCTIVE 

30 0 POST-REPRODUCTIVE 

20 

10 

BA AB AA AA AA AA 

Underlining indicates location means which are not significantly 
different at P=0.05; seasons followed or subtended by the same letter 
are not significantly different at P=0.05. 
Sadlerochit: reproductive season n=l8, post-reproductive season n=l2, 
and Katakturuk: post-reproductive n=7. 
Katakturuk: reproductive season n=5, post-reproductive season n=2. 
Katakturuk was not significantly different from any other location. 
Okpilak: reproductive season n=20, post-reproductive n=l2. 
Katakturuk: reproductive season n=lO, post-reproductive season n=4. 
Okpilak: reproductive season n=lO, post-reproductive season n=6. 
Katakturuk and Jago Bitty were significantly different from Sadlerochit, 
but Okpilak was not significantly different from Sadlerochit. 
Katakturak: reproductive season n=l4. 

98 



Distributions and habitat associations were extremely variable across the 
inland foothill locations. Overall densities were very low at Katakturuk 
and Marsh Creek, the two most westerly locations. Pectoral sandpipers were 
more abundant at Aichilik and Jago Bitty, but habitat use between the two 
locations was very different. Densities in Moist Sedge-Shrub and Tussock 
habitat were higher at Aichilik, while densities in Wet Sedge and Moist 
Sedge were greater at Jago Bitty. Use of these habitats at both locations 
appeared to be related to the presence of mesic inclusions, particularly 
during the post-reproductive season. Similarly, Myers and Pitelka ( 1980) 
found that local breeders of most shorebird species moved into lowland and 
ponded areas after chicks hatched. 

Variations in habitat use between locations may have been due, in part, to 
differences in food availability or to topographic variation that was not 
delineated by the Landsat classification. Opportunistic sandpipers, such as 
the pectoral sandpiper (Pitelka et al. 1974), have clumped dispersion 
patterns and nest at intermittently high densities. The opportunistic 
strategy is to "pack" small territories into productive habitats. Very 
successful breeding is risked against possible failure in the event of bad 
weather conditions; however, pectoral sandpipers minlmlze this risk by 
accumulating large fat reserves during the late stages of northward 
migration (MacLean 1969). Nesting in high densities increases vulnerability 
of nests to predators as well as increases the number of birds consuming the 
food resource. Male pectoral sandpipers leave the breeding grounds after 
copulation which aids in reducing activity around the nests and reducing 
competition for food (Pitelka et al. 1974). Females leave the nesting areas 
later, but before the young, further augmenting food availability for the 
growing juveniles (Pitelka 1959). 

Pectoral sandpiper densities not only varied between habitat types and 
between locations within a habitat, but relative habitat use often differed 
between locations. Additionally, densities and patterns of habitat use at a 
particular location often varied between years (see Annual Variation 
section). Near Barrow, Alaska, similar variability was observed and related 
to weather-induced differences in timing of spring melt and in availability 
of food (Holmes and Pi telka 1968). During the post-reproductive season, 
when chironomids were the dominant prey base (Holmes and Pi telka 1968), 
distributions of pectoral sandpipers on the ANWR coastal plain were most 
closely associated with Flooded habitat. But at locations without Flooded 
habitat, densities were highest in the more mesic habitats or those 
interspersed with ponds or water-filled polygon troughs. Populations and 
nesting densities were very patchy during the breeding period, and were 
possibly related to the abundance of tipulids, the primary early-summer prey 
(Holmes and Pitelka 1968). 

The pectoral sandpiper's opportunistic strategy to concentrate in areas of 
high food supply may have superceded affinities to particular habitats. 
Prey availability data could potentially provide a more definite 
understanding of pectoral sandpiper distribution on the coastal plain. 

Semipalmated sandpiper 

Mean semipalmated sandpiper density in Riparian habitat was significantly 
higher than all other habitat types during the reproductive season (Table 
16). Densities decreased in all habitats except Flooded during the 
post-reproductive season, with a large significant drop in the use of 
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Riparian habitat (Table 16). Females left the nesting areas after eggs 
hatched (Ashkenazie and Safriel l979a), and possibly moved to better 
foraging areas since their daily energy expenditure was 15% greater than 
that of males during the egg laying and incubation period (Ashkenazie and 
Safriel l979b). Later, males and young juveniles also departed from most 
tundra habitats, however; the sustained densities in Flooded habitat may 
have been related to the use of wetland shorelines as important feeding 
sites (Derksen et al. 1981). At the Canning River delta, upland study plots 
were deserted while lowland densities increased, but the most massive shift 
was to marine littoral habitat (Martin and Moi toret 1981). Semipalmated 
sandpipers were one of the earliest shorebirds to leave in migration (Holmes 
and Pi telka 1968), and post-breeding movements to coastal shoreline 
environments were reflected by the relatively low densities observed in 
tundra habitats across all locations (Table 16). 

Table 16. Mean densities of semipalmated sandpipers 
in 7 habitats pooled over locations during 
post-reproductive seasons on the coastal 
National Wildlife Refuge, Alaska, l985a. 

(birds/km 2) observed 
the reproductive and 
plain of the Arctic 

Mean Semipalmated Sandpipers/km2 

(Habitat P< 0.001; Season P<O.OOl; Habitat x Season P<O.OOl) 

Reproductive Season 
IX IVa II V III VI IV 
50 13 12 10 5 2 l 

Post-Reproductive Season 
II IX IVa V III VI IV 
14 ll 2 l 0 0 0 

IX IVa II V III VI IV 
50~~----------------------~ 

(!§!! REPRODUCTIVE 
40 0 POST-REPRODUCTIVE 

30 

20 

10 

AB AA AA AA AA AA AA 

a Sample sizes; reproductive: II n=45, III n=95, IV n=55, IVa n=50, V 
n=ll5, VI n=89, IX n=93; post-reproductive: II n=27, III n=56, IV n=3l, 
IVa n=30, V n=69, VI n=54, IX n=55;uUnderlining indicates habitat means 
which are not significantly different at p=0.05; seasons within habitats 
subtended by the same letter are not significantly different at p=0.05. 

Riparian, Mosaic, and Moist Sedge-Shrub were the 3 primary nesting habitats 
of semipalmated sandpipers (Table 17), and within each habitat there was 
considerable variability between locations (Table 18). Sadlerochit and Jago 
Bi tty had particularly high nest densities relative to other locations. 
Population densities also varied extensively between locations (Table 19). 
Riparian habitat at Sadlerochit and Katakturuk supported mean densities that 
were at least 3-times higher than all other locations. Sadlerochit also 
recorded the highest densities in Wet Sedge, Mosaic, and Moist Sedge-Shrub 
habitats. Concurrent with this study, Holmes and Pi telka ( 1968) reported 
semipalmated sandpiper distributions as locally common, especially near the 
coast and extending along rivers into the foothills. The concentrated 
densities at the coastal Sadlerochit site and the high inland numbers in 
Riparian habitat at Katakturuk (Table 19) and Jago Bi tty (Table 18) were 
indicative of their patchy distribution. 
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Table 17. Mean densities of semipalmated sandpiper nests (nests/km~) 
observed in 7 habitats pooled over locations on the coastal plain 
of the Arctic National Wildlife Refuge, Alaska, 1985. 

Mean Semipalmated Sandpiper Nests/km2 

IX 
7 

IVa 
6 

(Habitat P=0.0679) 

v 
6 

III 
2 

VI 
1 

II 
0 

III 
0 

a Sample sizes: II n=9, III n=l9, IV n=ll, IVa n=lO, I n=23, VI n=l8, IX 
n=l9. Underlining indicates habitat means that are not significantly 
different at P=0.05. 

Table 18. Mean densities of semipalmated sandpiper nests (nests/km2) 
observed in 3 habitats at 8 locations on the coastal plain of the 
Arctic National Wildlife Refuge, Alaska, 1985a. 

Mean Semi palma ted Sandpiper Nests/km2 

RIPARIAN HABITATb JBI SAD KAT AIC JDE MCR 
(Location P=0.09) 23 18 0 0 0 0 

MOSAIC HABITATc SAD JDE OKP 
(Location P=0.0966) 17 3 1 

MOIST SEDGE-SHRUB HABITATd SAD JBI AIC JDE OKP KAT MCR NIG 
(Location P=0.0347) 23 13 3 3 0 0 0 0 

a Underlining indicates location means that are not significantly 
different at p=0.05. 

b Sample size 3 except Sadlerochit n=4. 
c Sample size 3, except Okpilak n=4. 
d Sample size 3 except Okpilak n=2. 
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Table 19. Mean densities of semipalmated sandpipers observed in 7 habitats 
at 8 locations 
seasons on the 
Refuge, Alaska, 
reproductive and 

during the reproductive and post-reproductive 
coastal plain of the Arctic National Wildlife 

l985a. Samples sizes were 15 and 9 for 
post-reproductive seasons, except where noted. 

Mean Semipalmated Sandpipers/km2 

RIPARIAN HABITATb 

(JJocation P<O.OOl; Season P<O.OOl; Location x Season P<O.OOl) 

Reproductive Season 
AIC 

6 
SAD KAT JBI MCR JDE 
115 106 31 15 9 

~----~----~----

Post-Reproductive Season 
SAD MCR AIC KAT JBI JDE 

24 16 8 6 4 2 

FLOODED HABITAT 

(Location P=0.254; Season P=0.496; 

OKP JDE NIG 

SAD KAT JBI MCR JOE AIC 
120~------------------------~ 

100 

80 

60 

40 

20 

l!l!!l REPRODUCTIVE 

0 POST-REPRODUCTIVE 

o~~~~~~~~~~~~~~ 

AB AB AB AA AA AA 

Location x Season P=O.l30 

13 13 9 Reproductive Season - A 
24 l7 l Post-Reproductive Season - B 

WET SEDGE HABITATc 

(Location P=0.052; Season P=O.Oll; Location x Season P=0.052) 

SAD NIG KAT JDE 
19 5 4 3 
0 0 0 0 

MOSAIC HABITATd 

JBI OKP AIC 
2 l 0 
0 0 0 

Reproductive Season - A 
Post-Reproductive Season - B 

(Location P=O.Ol3; Season P=0.003; Location x Season P=0.007) 

SAD OKP JOE 

Reproductive Season 
SAD OKP JDE 

30 l!lll REPRODUCTIVE 

31 5 4 

Post-Reproductive Season 
OKP SAD JDE 

3 2 0 

20 

10 

102 

0 POST-REPRODUCTIVE 

AB AA AA 



Table 19. (continued). 

MOIST SEDGE HABITATe 

(Location P=0.637; Season P=2.275; Location x Season P=0.639) 

MCR JBI KAT AIC 
l l 0 0 
0 0 0 0 

Reproductive Season - A 
Post-Reproductive Season - A 

MOIST SEDGE-SHRUB HABITAT f 

(Location P=O.Ol3; Season P=0.004; Location x Season P=0.04l) 

SAD JBI JOE AIC KAT MCR NIG OKP 
Reproductive Season 35 

SAD JBI AIC KAT MCR NIG OKP 30 ll!lJ REPRODUCTIVE 

34 21 9 5 l l 0 25 
0 POST-REPRODUCTIVE 

20 

15 

OKP 10 
Post-Reproductive Season 
AIC SAD JDE JBI KAT MCR NIG 

4 3 0 0 0 0 0 0 5 

0 
AB AB AA AA AA AA AA AA 

TUSSOCK HABITATg 

a 

h 

c 
d 
e 
f 
g 

(Location P=0.460; Season P=0.097; Location x Season P=0.460) 

KAT SAD AIC JBI MCR NIG 

8 
0 

3 
0 

3 
0 

0 
0 

0 
0 

0 
0 

Reproductive Season - A 
Post-Reproductive Season - A 

Underlining indicates location means which are not significantly 
different at P=0.05; seasons followed or subtended by the same letter 
are not significantly different at p=0.05. 
Sadlerochit: reproductive season n=l8, post-reproductive season n=l2, 
and Katakturak: post-reproductive season n=7. 
Katakturak: reproductive season n=5, post-reproductive season n=2. 
Okpilak: reproductive season n=20, post-reproductive season n=l2. 
Katakturak: reproductive season n=lO, post-reproductive season n=4. 
Okpilak: reproductive season n=lO, post-reproductive n=6. 
Katakturak: reproductive season n=l4. 
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Semipalmated sandpipers are monogamous and considered a conservative species 
in terms of social organization (Pi telka et al. 1974). Conservative species 
produce a moderate number of surviving offspring each breeding season on 
maintained, defended territories that are large enough to sustain 
reproductive efforts under adverse conditions. Spacing of territories helps 
to reduce predation pressures, but in productive food-rich areas, sandpipers 
may concentrate within smaller territories and communally forage in adjacent 
habitats (Pitelka et al. 1974). The high localized densities of 
semipalmated sandpipers at Sadlerochit, Katakturuk, and Jago Bi tty, and the 
relatively low densities at other areas, may have been influenced by 
differential prey availability. 

Lesser Golden-plover 

Mean densities of lesser golden-plovers were significantly higher in 
Riparian than other habitats when locations were pooled (Table 20). 
Surprisingly, densities of plovers in Flooded and Moist Sedge habitats were 
similar to densities in the more upland habitats due to an apparent increase 
in use of the wetter habitats during the post-reproductive season. Lesser 
golden-plovers were primarily reported in upland habitats during summer, but 
in some years were observed to use wet areas in late summer (Myers and 
Pitelka 1980), probably as brooding habitat (Martin and Moitoret 1981, 
McWhorter et al. 1987). Although most nests were found in Riparian or 
upland habitats, nest densities were statistically similar among habitats. 
Plovers nested in dry sites with low or no vegetation; frost boils and 
polygon rims provided suitable microsites in wet habitats (McWhorter et al. 
1987). 

Table 20. Mean densities of lesser golden-plovers (birds/km 2) observed in 
7 habitats pooled over locations during the reproductive and 
post-reproductive seasonsa on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, 1985. Sample sizes were 15 and 
9 for reproductive and post-reproductive seasons except where 
noted. 

Mean Lesser Golden-plovers/km2 

(Habitat P<O.OOl; Season P=0.356; Habitat x Season P=O.l27) 

IX 

24 
24 

a 

II IV VI I IVa III 

8 6 10 6 7 4 Reproductive Season - A 
16 16 7 7 1 2 Post-Reproductive Season - A 

Sample sizes; reproductive: II n=45, III n=95, IV n=55, IVa n=50, V 
n=ll5, VIn=89, IX n=93, post-reproductive: II n=27, III n=56, IV n=31, 
IVa n=30, V n=69, VI n=54, IX n=55; underlining indicates habitat means 
which are not significantly different at p=0.05. 
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Changes in plover densities from reproductive to post-reproductive seasons 
indicated that shifts occurred in use of some habitats at several 
locations. Higher densities of plovers were observed in Flooded ha bi tat 
inland (Niguanak) than coastally (Jago Delta and Okpilak) during the 
reproductive season (Table 21). However, during the post-reproductive 
season, densities declined at Niguanak and increased at Okpilak and Jago 
Delta suggesting a possible coastal shift in use of Flooded habitat. In 
addition, plover densities declined in Wet Sedge at Jago Delta and Niguanak 
but increased at Jago Bitty during the post-reproductive season (Table 21). 
\~et Sedge plots contained substantial standing water at Jago Bi tty during 
the post-reproductive season but there was little or no standing water in 
l!fet Sedge at Jago Delta and Niguanak. Although some plovers apparently 
moved to wetter areas during the post-reproductive season of 1985, others 
continued to utilize upland and drier Riparian habitats. Densities were 
statistically similar for reproductive and post-reproductive seasons in 
Moist Sedge-Shrub, Tussock and Riparian habitats. 

Red-necked Phalarope 

Red-necked phalaropes were closely tied to Flooded habitat during the 
reproductive season and were found in much lower densities in other habitats 
(Table 22). Significantly more nests were found in Flooded than other 
habitats (Table 23). Phalarope densities were statistically similar among 
locations in Flooded habitat despite substantially lower numbers observed at 
Jago Delta (Table 24). Flooded plots at Okpilak and Niguanak had deeper', 
more persistent lakes and ponds apparently preferred by red-necked 
phalaropes while plots at Jago Delta were of the less-preferred "marshy" 
type (Martin and Moitoret 1981). Similarly, phalarope use of Mosaic habitat 
was largely confined to the small, relatively dee~, ice-wedge ponds. 
Densities in Flooded habitat, and at most locations in Wet Sedge habitat, 
decreased significantly during the post-reproductive season (Table 24) as 
females and later, males and young moved to the coast and flocked prior to 
migration (Shamel 1978, Divoky 1978, Martin and Moitoret 1981). 

Total Birds, Total Species 

Riparian and Flooded habitats had the highest densities of birds and the 
greatest numbers of species observed during the reproductive and 
post-reproductive seasons (Tables 25 and 26). Total bird densities 
increased significantly in Riparian and appeared to increase in Flooded 
habitat while numbers of species decreased significantly in both habitats 
during the post-reproductive season. Ptarmigan and/or Lapland longspurs 
increased substantially at most locations in Riparian habitat as the result 
of immigration and recruitment and more than offset the decreases of early 
migrating species. Flooded habitats, particularly coastal, were important 
staging and migrating areas for shorebirds and possibly waterfowl and large 
numbers of several species, particularly pectoral sandpipers, surged through 
in flocks during the post-reproductive season. 

Riparian. Large variations were observed in bird density and numbers of 
species among locations in Riparian habitat. Sadlerochit, Katakturuk, and 
r~arsh Creek had the highest bird densities observed during the reproductive 
season. These results were largely due to the relatively high densities of 
Lapland longspurs, semipalmated sandpipers, redpolls, and savannah sparrows 
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Table 21. Mean densities of lesser 
7 habitats at different 
post-reproductive seasons 
National \.Jildlife Refuge, 
and 9 for reproductive and 
noted. 

golden-plovers (birds/km2) observed on 
locations during the reproductive and 

on the coastal plain of the Arctic 
Alaska, l985a. Sample sizes were 15 
post-reproductive seasons except where 

Mean Lesser Golden-plovers/km2 
RIPARIAN HABITAT 

(Location P=0.393; Season P=0.877; Location x Season P=0.633) 

SAD AIC KAT JDE MCR JBI 
45 27 l7 20 15 l3 Reproductive Season - A 
29 34 34 22 18 4 Post-Reproductive Season - A 

FLOODED HABITAT 

(Location P=0.352; Season P=0.099; Location x Season P=0.034) 

Reproductive Season 
NIG OKP JDE 

21 2 l 

Post-Reproductive Season 
OKP JDE NIG 

26 l3 9 

WET SEDGE HABITATc 

24 

20 

16 

12 

8 

4 

0 

-----
-
--
-
-
--

NIG OKP JOE 

~REPRO 
D POST -REPRO 

.--

l§l fl1' 

AA BA AA 

(Location P=O.l75; Season P=O.l35; Location x Season P=0.049) 

Reproductive Season 
NIG JDE SAD JBI AIC 

ll 7 2 l l 

Post-Reproductive Season 
JBI NIG JDE SAD AIC 

7 3 l 0 0 

MOSAIC HABITATd 

OKP KAT 

l 0 

OKP KAT 
0 0 

10 

8 

6 

4 

NIG JOE SAD JBI AIC OKP KAT 

!!!!!~REPRODUCTIVE 
D POST -REPRODUCTIVE 

2 

o~~~~~~~~~~~--~~ 

AB AB AA AB AA AA AA 

(Location P=O.l80; Season P=O.Ol2; Location x Season P=0.523) 

JDE SAD OKP 
9 6 6 
l 3 0 

Reproductive Season - A 
Post-Reproductive Season - B 
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Table 21. (continued). 

MOIST SEDGE HABITATe 

(Location P=0.275; Season P=O.l47; Location x Season P=0.272 

JBI AIC KAT 
10 4 6 
31 27 0 

MCR 
3 
2 

Reproductive Season 
Post-Reproductive Season 

- A 
- A 

MOIST SEDGE-SHRUB HABITAT f 

(Location P=0.080; Season P=.823; Location x Season P=0.667) 

AIC 
15 
22 

JBI 
5 
ll 

KAT 
4 
ll 

JDE 
10 

2 

SAD 
4 
4 

OKP 
5 
2 

MCR 
4 
0 

NIG 
l Reproductive Season -A 
0 Post-Reproductive Season -A 

TUSSOCK HABITATg 

a 

b 

c 
d 
e 
f 
g 

(Location P 

AIC 
21 
23 

KAT 
9 
9 

0.031; Season P = 0.243; Location x Season P 

SAD 
15 

0 

NIG 
5 
7 

JBI 
4 
2 

MCR 
4 
2 

Reproductive Season 
Post-Reproductive Season 

0.243) 

- A 
- A 

Underlining indicates location means which are not significantly 
different at p=0.05; seasons followed or subtended by the same letter 
are not significantly-different at p=0.05. 
Sadlerochit: reproductive season n=l8, post-reproductive season n=l2, 
and Katakturak: post-reproductive n=7. 
Katakturak: reproductive season n=5, post-reproductive season n=2. 
Okpilak: reproductive season n=20, post-reproductive season n=l2. 
Katakturak: reproductive season n=lO, post-reproductive season n=4. 
Okpilak: reproductive season n=lO, post-reproductive season n=6. 
Katakturuk: reproductive season n=l4. 
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Table 22. Mean densities of red-necked phalaropes 
in 7 habitats pooled over location during 
post-reproductive season on the coastal 
National Wildlife Refuge, Alaska, l985a. 

(birds/krn;;>) observed 
the reproductive and 

plain of the Arctic 

Mean Red-necked Phalaropes/km2 

(Habitat P<O.OOl; Season P<O.OOl; Location x Season P<O.OOl) 

Reproductive Season 60 
II III IVa v VI IX IV 

II III IVa v VI IX IV ~REPRODUCTIVE 
58 7 6 4 l l 0 50 D POST -REPRODUCTIVE 

Post-Reproductive Season 40 

II 
25 

a 

IVa v III IV IX VI 30 
l l l l l 0 

20 

10 

0 
AB AB AA AA AA AA AA 

Sample sizes: reproductive: II n=45, III n=95, IV n=55, IVa n=50, V 
N=ll5, VI n=89, IX n=93; post-reproductive: II n=27, III n=56, IV n=3l, 
V n=30, VI n=54, IX n=55; underlining indicates habitat means which are 
not significantly different at P=0.05; seasons with habitats subtended 
by the same letter are not significantly different at p=0.05. 

Table 23. Mean densities of red-necked phalarope nests 
observed in 7 habitatsa pooled over location on 
plain of the Arctic National Wildlife Refuge, Alaska, 

(nests/k:rn 2) 
the coastal 
1985. 

a 

Mean Red-necked Phalarope Nests/km2 

(Habitat P<O.OOl) 

II III V VI IVa IV IX 
8 2 l l 0 0 0 

Sample sizes: II n=9, III n=l9, IV n=ll, IVa n=lO, V n=23, VI n=l8, IX 
n=l9; underlining indicates habitat means that are not significantly 
different at p=0.05. 
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Table 24. Mean densities of red-necked phalaropes (birds/km2) observed in 
7 habitats and 8 locations during the reproductive and 
post-reproductive seasons on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, l985a. Sample sizes are 15 
and 9 for reproductive and post-reproductive seasons, except 
where noted. 

Mean Red-necked Phalaropes/km2 

RIPARIAN HABITATb 

(Location P=0.409; Season P=0.614; Location x Season P=0.733) 

AIC SAD KAT JBI 
l l 0 0 
0 l 0 0 

FLOODED HABITAT 

JDE MCR 
0 0 
0 0 

Reproductive Season 
Post-Reproductive Season 

- A 
- A 

(Location P=O.l22; Season P=O.Ol6; Location x Season P=O.l50) 

OKP NIG JDE 
93 77 5 
41 29 4 

WET SEDGE HABITATc 

Reproductive Season - A 
Post-Reproductive Season - B 

(Location P=0.075; Season P=0.004; Location x Season P=0.045) 

SAD OKP JBI NIG JOE KAT AIC 

Reproductive Season 
SAD OKP JBI NIG JDE KAT AIC 

19 8 7 6 2 0 0 

Post-Reproductive Season 
NIG SAD OKP JBI JDE KAT AIC 

2 0 0 0 0 0 0 

MOSAIC HABITATd 

18 
16 
14 
12 
10 
8 
6 
4 
2 
0 

- ~REPRODUCTIVE -
- D POST-REPRODUCTIVE 

-
-
-
-
-
- 111!11 

I I .I 

AB AB AA AA AA AA AA 

(Location P=0.865; Season P 0.001; Location x Season P=0.072) 

SAD OKP JDE 
8 7 5 
3 0 0 

Reproductive Season - A 
Post-Reproductive Season - B 
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Table 24. (continued). 

MOIST SEDGE HABITATe 

(Location P=0.510; Season P=0.407; Location x Season P=0.510) 

JBI 
0 
l 

KAT 
0 
0 

AIC 
0 
0 

MCR 
0 
0 

Reproductive Season 
Post-Reproductive Season 

- A 
- B 

MOIST SEDGE-SHRUB HABITATf 

(Location P=O.l49; Season P=0.006; Location x Season P=O.ll7) 

JBI AIC NIG SAD KAT OKP MCR 
9 8 7 3 3 0 0 Reproductive Season - A 
0 0 l 3 0 0 0 Post-Reproductive Season - B 

TUSSOCK HABITATg 

a 

h 

c 
d 
e 
f 
g 

(Location P=0.039; Season P=0.09l; Location x Season P=0.039) 

AIC KAT JBI SAD MCR NIG 
Reproductive Season 5 

flll8 REPRODUCTIVE AIC KAT JBI SAD MCR NIG 4- 0 POST-REPRODUCTIVE 
5 0 0 0 0 0 

3-
Post-Reproductive Season 
AIC KAT JBI SAD MCR NIG 2-

0 0 0 0 0 0 
1-

0 I I I I I 

AB AA AA AA AA AA 

Underlining indicates location means which are not significantly 
different at p=0.05; seasons followed or subtended by the same letter 
are not significantly different at p=0.05. 
Sadlerochit: reproductive season n=l8, post-reproductive season n=l2, 
and Katakturak: post-reproductive season n=7. 
Katakturak: reproductive season n=5, post-reproductive season n=2. 
Okpilak: reproductive season n=20, post-reproductive season n=l2. 
Katakturak: reproductive season n=lO, post-reproductive season n=4. 
Okpilak: reproductive season n=lO, post-reproductive season n=6. 
Katakturuk: reproductive season n=l4. 
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Table 25. Mean densities 
habitats pooled 
post-reproductive 
National Wildlife 

of total birds (birds/km 2) observed in 7 
over locations during the reproductive and 
seasons on the coastal plain of the Arctic 

Refuge, Alaska, l985a. 

a 

Mean Total Birds/km2 

(Habitat P<O.OOl; Season P=O.l25; Habitat x Season P<O.OOl) 

IX II IVa v m VI IV 
Reproductive Season 600 

~ REPRODUCTIVE IX II IVa v III VI IV 
439 369 233 197 189 155 91 

500 - D POST-REPRODUCTIVE 

400 -

Post-Reproductive Season 300 -
IX II v IVa IV VI III 200 - -
515 429 222 216 143 140 115 

lml 100 - n 0 
BA AA AA AA AA AA AA 

Sample sizes; reproductive: II n=45, III n=95, IV n=55, IVa n=50, V 
n=ll5, VI n=89, IX n=93; post-reproductive: II n=27, III n=56, IV n=3l, 
IVa n=30, V n=69, VI n=54, IX n=55. Underlining indicates habitat means 
which are not significantly different at P=0.05; seasons within habitats 
subtended by the same letter are not significantly different at p=0.05. 

Table 26. Mean densities of 
habitats pooled 
post-reproductive 
National Wildlife 

total species ( species/0.1 km 2) observed in 7 
over locations during the reproductive and 
seasonsa on the coastal plain of the Arctic 

Refuge, Alaska, 1985. 

Mean Total Species/0.1 km2 

(Habitat P<O.OOl; Season P<O.OOl; Habitat x Season P<O.OOl) 

Reproductive Season 
II IX IVa V III VI IV 
8.4 7.3 5.3 5.1 4.9 4.7 2.9 

Post-Reproductive Season 
II IX V IVa IV VI II 
7.1 5.7 3.7 3.5 3.2 3.0 2.5 

II IX IVa V ill VI IV 
9~----~~----------------~ 
8- ~ REPRODUCTIVE 

7- D POST-REPRODUCTIVE 

6-
5-
4-
3-
2-

,..... 

1-
o~~~~~~~~~~~~~~ 

AB AB AB AB AB AB AA 

a Sample sizes; reproductive: II n=45, III n=95, IV n=55, IVa n-55, V 
n=ll5, VI n=89, IX n=93: post-reproductive: II n=27, III n=56 IV n=3l, 
IVa n=30, V n=69, VI n=54, IX n=55. Underlining indicates habitat means 
which are not significantly different at P=0.05; seasons within habitats 
subtended by the same letter are not significantly different at P=0.05. 
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seen at these locations. In addition, these three locations also supported 
the greatest numbers of species observed and, with the addition of Jago 
Bitty, the greatest numbers of nesting species (Table 27). Marsh Creek and 
Katakturuk had the highest densities and most consistent observations of 
yellow wagtails, American tree sparrows, white-crowned sparrows, and 
redpolls. These birds were primarily associated with the relatively 
extensive tall willow stands present at these locations. Fewer species of 
passerines were consistently present at Sadlerochit but low densities of 
several species less common in Riparian plots were observed (red-throated 
loon, mallard, northern pintail, common eider, oldsquaw). Riparian plots at 
Jago Delta were relatively low in vegetative diversity and significantly 
fewer species were observed there than at other locations (Table 27). 

Several less common species were regularly or predominantly observed in 
Riparian habitat during the reproductive season. Jaegers were present in 
low densities at virtually all locations in all habitats and parasitic and 
long-tailed jaegers were probably important predators of birds (Maher 
1974). Although no patterns in distribution were apparent, long-tailed 
jaegers appeared to be the most common of the 3 species. Observations of 
ruddy turns tones and Baird 1 s sandpipers were mostly confined to Riparian 
habitat and both species appeared to be dependent on gravel or mud bars. 
Turnstones and their nests were most evident at coastal locations but 
nesting was also observed inland. Buff-breasted sandpipers were apparently 
quite localized in distribution. They were observed in all habitats but 
appeared to use Riparian (often Dryas terraces) most consistently. 

Significant increases in total bird density observed in Riparian habitat at 
Jago Bitty during the post-reproductive season (Table 27) resulted from 
increases in ptarmigan, while increases at Marsh Creek reflected substantial 
increases in ptarmigan and savannah sparrows and minor increases in pectoral 
and Baird 1 s sandpipers (Appendix Table III). Despite increased ptarmigan 
densities, total bird densities declined significantly at Sadlerochit (Table 
27) as a result of substantial reductions in densities of semipalmated 
sandpipers, ruddy turns tones, lesser golden-plovers, and redpolls (Appendix 
Table III). 

Flooded. Physical characteristics of Flooded habitat varied considerably 
among locations. Flooded plots at Jago Delta were located in a coastal 
wetland and included numerous shallow ephemeral ponds with emergent 
vegetation, while plots at another coastal site, Okpilak, were in an area of 
deep, open, permanent ponds having marginal or no emergent vegetation and 
surrounded primarily by Wet Sedge. Plots at Niganak were in an inland 
wetland with deep, open, permanent ponds surrounded by Wet Sedge and 
upraised polygons and polygon rims. 

r~ean total bird densities were significantly lower at Jago Delta than at 
Okpilak during the reproductive season (Table 28). Niguanak ranked 
intermediate and statistically similar to both locations. Numbers of 
species and total nests were statistically similar among locations (Table 
28). Despite apparent similarities in bird communities at the three 
locations, differences in species composition and numbers were observecl. 
Red-throated loons, Canada geese, brant, and spectacled eiders were observed 
nesting in close association with ponds at Okpilak. These species are 
typically observed breeding in arctic coastal thaw-lake areas, although 
breeding Canada geese and red-throated loons were discovered considerable 
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Table 27. Mean total birds (birds/km2), mean number of species 
( species/O.lkm2), and mean number of nesting species 
(species/O.lkm2) observed in Riparian habitat at 6 locations 
during the reproductive and post-reproductive seasons on the 
coastal plain of the Arctic National Wildlife Refuge, Alaska, 
1985a. 

Riparian Habitat 

MEAN TOTAL BIRDS/km2 b 

(Location P=0.004: Season P=0.005; Location x Season P=O.Ol5) 

Reproductive Season 
SAD KAT MCR JBI AIC JDE 
755 635 429 279 231 146 

Post-Reproductive Season 
KAT MCR SAD JBI AIC JDE 
698 647 613 514 302 281 

800 

700 

600 
500 

400 

300 

200 

100 
0 

-
-
-
-
-
-
-

SAD KAT MCR JBI AIC JOE 

..... ~ REPRO 

f-
..... 0 POST -REPRO 

-

I 
AB AB AB AB AB AB 

MEAN TOTAL SPECIES/O.lkm2 b 

(Location P<O.OOl; Season P=O.OOl; Location x Season P=0.075) 

MCR KAT SAD AIC JBI JDE 
----..,.....----:- -=------=- -

9.3 7.9 9.0 7.1 6.2 3.5 
9.1 7.7 5.8 4.1 4.4 3.0 

Reproductive Season 
Post-Reproductive Season 

- A 
- B 

MEAN TOTAL NESTING SPECIES/O.lkm2 c 
(Location P=0.0454) 

a 

b 

c 

MCR JBI 
5.7 4.3 

SAD KAT AIC 
4.3 3.7 2.7 

JDE 
2.0 

Underlining indicates location means which are not significantly 
different at P=0.05; seasons followed or subtended by the same letter 
are not significantly different at P=0.05. 
Sample sizes: reproductive season n=l5, post-reproductive season n=9, 
except Katakturak: post-reproductive season n=7 and Sadlerochit: 
reproductive season n=l8, post-reproductive season n=l2. 
Sample size: n=3, except Sadlerochit: n=4. 
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Table 28. Mean total birds (birds/km?), mean number of species 
( species/0 .lkm2), and mean number of nesting species 
(species/O.lkm~) observed in Flooded habitat at ) locationsa 
during the reproductive and post-reproductive seasons on the 
coastal plain of the Arctic National Wildlife Refuge, Alaska, 
1985. 

Flooded Habitat 

TOTAL BIRDS/km2 b 

(I,ocation P=0.009; Season P=0.074; Location x Season P=0.047) 

Reproductive Season 
OKP NIG JDE 
479 368 260 

Post-Reproductive Season 
OKP NIG JDE 
656 326 306 

700 

600 

500 

400 

300 

200 

100 

0 

OKP NIG JOE 

r m REPRODUCTIVE - 0 POST-REPRODUCTIVE 

-
-
- r 

-
-

MEAN TOTAL SPECIES/0.1 km2 b BA AA AA 

(Location P=O.l53; Season P=0.090; Location x Season P=0.430) 

OKP NIG JDE 
9.5 8.9 6.8 
8.1 6.7 6.7 

Reproductive Season - A 
Post-Reproductive Season - A 

MEAN TOTAL NESTING SPECIES/O.lkm2 c 
(Location P=0.2739) 

a 

h 
c 

OKP NIG JDE 
67 63 20 

Underlining indicates location means which are not significantly 
different at p=0.05; seasons followed or subtended by the same letter 
are not significantly different at p=0.5. 
Sample sizes: reproductive season n=l5, post reproductive season n=9. 
Sample size: n=3. 
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distances inland on NPRA (Derksen et al. J_98l). Higher mean densities of 
pectoral sandpipers, glaucous gulls, and red phalaropes were observed at 
Okpilak than at Jago Delta or Niguanak and higher densities of red-necked 
phalaropes were observed at Okpilak and Niguanak. Highest densities of 
oldsquaw and pomarine jaegers in Flooded plots were seen at Niguanak. 
Parasitic and long-tailed jaegers were not observed at Niguanak but were 
seen in Flooded plots at Okpilak and Jago Delta. Densities of stilt 
sandpipers and long-billed dowitchers were high in Flooded relative to other 
habitats and these species were evident at all three locations. 

Pectoral sandpipers increased in Flooded habitat at all locations during the 
post-reproductive season, but most substantially at Okpilak. JJesser 
golden-plovers and semipalmated sandpipers increased coastally and decreased 
inland and dunlin (probably early migrants) appeared at coastal locations. 
Red phalaropes declined at Okpilak and Niguanak and increased at Jago 
Delta. Stilt sandpipers and long-billed dowitchers continued to use Flooded 
habitat in relatively high numbers through the post-reproductive season. 
Pintail densities increased in Flooded habitat at Okpilak and Niguanak 
during the post-reproductive season as birds u~ilized ponds for molting and 
brooding areas (Derksen et al. 1981, McWhorter et al. 1987). Lapland 
longspurs and jaegers appeared to decline in Flooded habitat at all 
locations. 

Wet Sedge. Mean total bird densities in Wet Sedge were significantly higher 
at Sadlerochit than at other locations during the reproductive season (Table 
29). Much of this difference was due to the presence of exceptional numbers 
of savannah sparrows and Lapland longspurs. Both species were closely 
associated with the unusually high density of willow-dominated strangs 
present in the plots at Sadlerochit. In addition, high densities of 
longspur nests, comparable to densities typical in more preferred habitats, 
were observed. Highest densities of parasitic jaegers in Wet Sedge were 
also observed at Sadler0chi t, possibly in response to the high number of 
passerines, a major food source for breeding parasitic jaegers (Maher 
1974). Pectoral and semipalmated sandpipers and red-necked phalaropes were 
also present in higher densities than at other locations. 

Total bird density declined significantly during the post-reproductive 
season at Sadlerochit, Okpilak, Niguanak and Jago Delta. Decreases in 
Lapland longspurs, pectoral sandpipers, and jaegers were observed at all 
four locations. Red-necked phalaropes declined at Sadlerochit and Okpilak, 
and lesser golden-plovers declined at Niguanak and Jago Delta. In addition, 
a substantial decrease in savannah sparrows occurred at Sadlerochit. Rock 
ptarmigan increased at Aichilik, Katakturuk, and Sadlerochit during the 
post-reproductive season. 

r1osaic. No significant differences in mean total birds were observed among 
locations or between seasons in Mosaic habitat (Table 30). Lapland 
longspurs were the most abundant species at all locations and nested in 
relatively high densities. Old squaw and northern pintail were present in 
low densities at all locations and were observed nesting on polygon rims or 
high center polygons near water at Jago Delta (McWhorter et al. 1987). 
Lesser golden-plovers, long-billed dowitchers and red-necked phalaropes were 
also present in relatively low densities at all locations. However, 
significant location differences in densities of pectoral and semipalmated 
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Table 29. Mean total birds (birds/km2) and mean number of species 
(species/O.lkm2) observed in Wet Sedge habitat at 7 locations 
during the post-reproductive and reproductive seasons on the 
coastal plain of the Arctic National Wildlife Refuge, Alaska, 
1985a. 

Wet Sedge Habitat 

MEAN TOTAL BIRDS/km2 b 

(Location P<O.OOl; Season P<O.OOl; Location x Season P=0.037) 

Reproductive Season SAD JBI NIG OKP JOE KAT AIC 

SAP JBI NIG OKP JDE KAT AIC 
401 191 172 167 131 122 95 

400 m§l REPRODUCTIVE 

0 POST-REPRODUCTIVE 

300 

Post-Reproductive Season 
SAP JBI KAT OKP AIC NIG JDE 200 

250 142 95 93 72 71 69 
100 

MEAN TOTAL SPECIES/0.1 km2 b AB AA AB AB AB AA AA 

a 

b 

(Location P<O.OOl; Season P<O.OOl: Location x Season P=0.34) 

Reproductive Season 
SAD JBI NIG AIC JDE OKP KAT 
6.9 6.6 5.2 3.9 3.8 3.7 3.0 

Post-Reproductive Season 
JBI NIG SAD AIC JDE KAT OKP 
3.6 2.8 2.4 2.2 2.0 2.0 1.9 

Underlining indicates location means 
different at p=0.05; seasons subtended 
significantly different at p=0.05. 
Sample sizes: reproductive season n=l5, 
except Katakturak: reproductive season 
n=2. 
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7 

6 
~ REPRODUCTIVE 

- 0 POST -REPRODUCTIVE 

5 -
4 -
3 -
2 -
1 -
0 

AB AB AB AB AB AB AB 

which are not significantly 
by the same letter are not 

post-reproductive season n=9, 
n=5, post reproductive season 



sandpipers were observed (see previous sections), and densities of rock 
ptarmigan appeared to be greater at Jago Delta. 

There was a significant decline in the mean number of species present in 
Mosaic habitat at all locations during the post-reproductive season (Table 
30). However, species composition was not consistent among locations and 
the declines resulted from the reduction or absence of different species at 
different locations (Appendix Tables II and III). The greatest change in 
bird density observed was a five-fold increase in rock ptarmigan at Jago 
Delta. Although no increases were observed in Mosaic habitat at Sadlerochit 
or Okpilak, a four-fold increase in rock ptarmigan density occurred in 
Riparian habitat at Sadlerochit. 

Table 30. Mean total birds (birds /km 2) and mean number of species 
(species/O.lkm2) observed in Mosaic habitat at 3 locations 
during the reproductive and post-reproductive seasons on the 
coastal plain of the Arctic national Wildlife Refuge, Alaksa, 
l985a. 

Mosaic Habitat 

MEAN TOTAL BIRDS/km2 b 

(Location P=0.457; Season P=0.70l; Location x Season P=0.696) 

JDE 
239 
269 

SAD 
262 
231 

OKP 
201 
166 

Reproductive Season 
Post-Reproductive Season 

- A 
- A 

MEAN TOTAL SPECIES/O.lkm2 b 

a 

b 

(Location P=O.l72; Season P=O.OOl; Location x Season P=0.930) 

JDE 
6.1 
4.2 

SAD 
5.5 
3.9 

OKP 
4.6 
2.6 

Reproductive Season 
Post-Reproductive Season 

Underlining indicates location means 
different at p=0.05; seasons followed 
significantly different at p=0.05. 

- A 
- B 

which are not significantly 
by the same letter are not 

Sample sizes: reproductive season n=l5, post-reproductive season n=9, 
except Okpilak: reproductive season n=20, post-reproductive season n=l2. 

Moist Sedge. Jago Bitty had the highest density of total birds observed in 
Moist Sedge habitat during the reproductive season (Table 31) as a result of 
generally higher densities of species common to all locations and due to the 
presence of additional species that were absent at other locations (Appendix 
Table II). Moist Sedge plots at Jago Bitty appeared relatively more diverse 
than plots at other ·locations and had substantial inclusions of Wet Sedge as 
well as limited areas of ponds and stands of erect willows. The most common 
species were Lapland longspur, lesser golden-plover, rock ptarmigan, and 
long-tailed jaeger. 
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Table 31. Mean total birds (birds/km 2) and mean number of species 
( species/O.lkm2) observed in Moist Sedge habitat at 4 locations 
during the reproductive and post-reproductive seasons on the 
coastal plain of the Arctic National Wildlife Refuge, Alaska, 
1985a. 

Moist Sedge Habitat 

MEAN TOTAL BIRDS/km2 b 

(Location P=0.046: Season P=0.024; Location x Season P=0.093) 

JBI KAT AIC 
131 90 69 
268 105 107 

MCR 
72 
81 

Reproductive Season 
Post-Reproductive Season 

- B 
- A 

MEAN TOTAL SPECIES/O.lkm2 b 

a 

h 

(Location P=0.044; Season P=0.486; Locations x Season P=0.023) 

Reproductive Season 
JBI MCR AIC KAT 
3.8 2.8 2.7 2.1 

Post-Reproductive Season 
JBI MCR AIC KAT 
6.0 2.2 2.0 2.0 

6 

5 

4 

3 

2 

1 

0 

JBI 

-
-
-
-
-

BA 

MCR AIC KAT 

II REPRODUCTIVE 

0 POST -REPRODUCTIVE 

AA AA AA 

Underlining indicates location means which are not significantly 
different at p=0.05: seasons followed or subtended by the same letter 
are not significantly different at p=0.05. 
Sample sizes: reproductive season n=l5, post-reproductive season n=9, 
except Katakturak: reproductive season n=lO, post-reproductive season 
n=6. 
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Total bird densities increased significantly in Moist Sedge during the 
post-reproductive season as a result of increases in rock ptarmigan at all 
locations and increases in densities of willow ptarmigan, lesser 
golden-plovers, pectoral sandpipers, and savannah sparrows at some locations 
(Appendix Table III). Bird densities doubled at Jago Bi tty and the mean 
number of species observed rose to the highest levels observed at any of the 
four locations in either season as a result of substantial increases in 
willow and rock ptarmigan, lesser golden-plovers, pectoral sandpipers, 
savannah sparrows, redpolls, and small increases in several species not 
found in Moist Sedge at other locations (Appendix Tables II and III). 

Moist Sedge-Shrub. Differences in total bird densities and total species 
among locations were not well defined statistically for Moist Sedge-Shrub 
habitat (Table 32). However, examination of densities of individual species 
revealed some apparent differences and similarities among locations within 
seasons and within locations among seasons. 

During the reproductive season, willow ptarmigan were observed in higher 
densities in Moist Sedge-Shrub at inland locations. Rock ptarmigan were 
present at all locations and highest densities were seen at Sadlerochit. 
Greatest numbers of semipalmated sandpipers were observed at Sadlerochit and 
Jago Bi tty and pectoral sandpipers were most common at Aichilik, 
Sadlerochit, Jago Delta, and Niguanak. Savannah sparrows were most abundant 
at Marsh Creek, Aichilik, Katakturuk, and Jago Bitty. Several species were 
evident at most or all locations in similar numbers. These included 
northern pintail (all locations except Marsh Creek), lesser golden-plover, 
pomarine jaeger, parasitic jaeger, long-tailed jaeger, and Ijapland longspur 
(the most abundant species). 

Significantly higher densities of nests (primarily Lapland longspur and 
pectoral sandpiper) were observed in Moist Sedge-Shrub at Niguanak. Lapland 
longspur was the only species whose nests were found in this habitat at all 
locations. Several species, including pectoral sandpiper, lesser 
golden-plover, and semipalmated sandpiper, exhibited either high nesting 
densities or were absent. 

Although total bird densities were statistically similar among seasons, the 
number of total species declined significantly in Moist Sedge-Shrub at all 
locations during the post-reproductive season. This decline was primarily 
the result of movement by several species of shorebirds which were present 
during the reproductive season in moderate to low densities (particularly 
semipalmated and buff-breasted sandpipers, and red-necked phalaropes) into 
other habitats prior to migration. Lesser golden-plovers and pectoral 
sandpipers were notable exceptions to the shorebird decline. 

During the post-reproductive period, Lapland longspurs exhibited density 
increases at Aichilik, Sadlerochit, Marsh Creek, and Niguanak and declined 
at Okpilak, Katakturuk, Jago Bitty, and Jago Delta. Willow ptarmigan 
increased at Jago Bitty, Katakturuk, Aichilik, Sadlerochit, and Marsh Creek, 
and rock ptarmigan increased at Katakturuk, Jago Bi tty, Sadlerochit, Marsh 
Creek, and Niguanak. Pectoral sandpipers increased at all locations except 
Jago Delta and Niguanak. 
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Table 32. Mean total birds (birds/km2), mean number of species 
(species/O.lkm2) and mean number of nesting species 
(species/O.lkm2) observed in Moist Sedge-Shrub habitat at 8 
locations during the reproductive and post-reproductive seasons 
on the coastal plain of the Arctic National Wildlife Refuge, 
Alaska, l985a. 

Moist Sedge-Shrub Habitat 

MEAN TOTAL BIRDS/km2 b 

(Location P=O.Ol9; Season P=0.230; Location x Season P=O.l36) 

SAD AIC NIG JBI MCR OKP JDE KAT 

272 227 225 
290 328 260 

198 137 
221 256 

180 203 
140 110 

127 
141 

Reproductive Season - A 
Post-Reproductive Season - A 

MEAN TOTAL SPECIES/O.lkm2 b 

(Location P=0.002; Season P<O.OOl; Location x Season P=O.l36) 

AIC JBI SAD NIG JDE KAT MCR OKP 

7.0 5.9 5.7 5.5 5.2 4.3 3.7 3.3 Reproductive Season - A 
5.1 4.2 4.2 4.1 2.8 3.6 2.7 2.2 Post-Reproductive Season - B 

MEAN TOTAL NESTS/km2 c 

a 

h 

c 

(Location P=0.002) 

NIG SAD AIC JBI JDE OKP KAT MCR 
90 57 53 47 47 30 27 20 

Underlining indicates location means 
different at p=0.05; seasons followed 
significantly different at p=0.05. 
Sample sizes: reproductive season n=l5, 
except Okpilak: reproductive season n=lO, 
Sample size: n=3, except Okpilak: n=2. 
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Tussock. Total bird numbers in Tussock habitat at the four locations 11ri th 
highest densities were statistically similar during the reproductive season 
but significantly more total species were observed at Aich"llik (Table 3"1). 
This 1.;as probably due to the presence of several species of shorebirds 
(long-billed dowitchers, red-necked phalaropes, whimbre ls) which were not 
seen on Tussock plots at other locations and which are typically found in 
wetter habitats. Lapland longspur was the most abundant species at all 
locations and at most locations comprised over half the total bird 
observations. Substantial numbers of "lvillow and rock ptarmigan were also 
observed at most locations (Appendix Table II). 

No significant differences between locations were detected for total nests 
or total nesting species in Tussock habitat. Willow ptarmigan nests were 
found at Jago Bi tty, Marsh Creek, and Niguanak and, although none were 
observed, were probably present at Katakturuk and Aichilik. Rock ptarmigan 
nests were found at all locations except Marsh Creek. 

There was a significant decline in total bird species observed in Tussock 
habitat at all locations during the post-reproductive season (Table 3'3). 
Total bird densities increased significantly at Katakturuk and declined 
significantly at Sadlerochit and Niguanak. The increase at Katakturuk 
resulted from increases in ptarmigan plus a slieht increase in longspurs 
which more than compensated for the departures of semi palma ted sandpiperR, 
pomarine and parasitic jaegers, yellow wagtails, savannah sparrows, and 
redpolls. Sadlerochit and Niguanak were the only locations at Tlfhich rock 
ptarmigan did not increase. Lapland longspurs exhibited substantial 
decreases at both locations. 

Lesser golden-plovers were present on Tussock plots during the post
reproductive season in numbers similar to those observed during the 
reproductive season but were absent at Sadlerochit. Pomarine and parasitic 
jaegers were absent and long-tailed jaegers declined at all locations except 
Niguanak. Yellow wagtails, savannah sparrows, and red polls moved out of 
Tussock habitat during the post-reproductive season. Substantial reductions 
in Lapland longspurs were observed at Sadlerochit, Marsh Creek, and Niguanak 
and a slight decline occurred at Jago Bitty. Longspurs increased slightly 
at Katakturuk and Aichilik. 

Annual Variability 

Annual variability in bird density was observed for at least some locations 
in every species or group tested. Although in most instances it was beyond 
the scope of this study to define causes for observed variation, some 
enlightenment can be gained from examining where annual variation occurred 
and comparing general results with those of other researchers. Direct 
comparison of density values with other studies was avoided due to possible 
biases caused by different censusing methods, but comparisons of the 
observed magnitudes of annual changes were made. 

Very few cases of annual variability in nest densities were detected. This 
was probably the result of high variability among plots within a location. 
Further discussion appears in "Sampling Variability". 
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Table 33. Mean total birds (birds/km2) and mean number of species 
(species/O.lkm2) observed in Tussock habitat at 6 locations 
during the reproductive and post-reproductive seasons on the 
coastal plain of the Arctic National Wildlife Refuge, Alaska, 
l985a. 

Tussock Habitat 

MEAN TOTAL BIRDS/km2 b 

(Location P=0.005; Season P=0.229; Location x Season P=0.006) 

Reproductive Season 
SAD AIC NIG JBI KAT 
207 189 156 148 115 

Post-Reproductive Season 
AIC KAT JBI SAD MCR 
210 198 163 117 80 

MCR 200 

113 
160 

120 

NIG 80 
74 

40 

0 

-
-
-
-
-
-
-
--
-

SAD AIC NIG JBI KAT MCR 
POST-REPRO 

REPRO 

AB AA AB AA BA AA 

MEAN TOTAL SPECIES/0.1 km2 b 

a 

h 

(Location P<O.OOl; Season P<O.OOl; Location x Season P=0.064) 

AIC NIG SAD JBI 
7.4 4.5 5.0 4.5 
4.4 3.1 2.6 2.7 

KAT MCR 
4.1 2.9 
3.0 2.1 

Reproductive Season 
Post-Reproductive Season 

- A 
- B 

Underlining indicates location means which are not significantly 
different at P=0.05; seasons followed or subtended by the same letter 
are not significantly different at p=0.05. 
Sample sizes: reproductive season n=l5, post-reproductive season n=9, 
except Katakturak: reproductive season n=l4. 
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Lapland Longspur 

Significantly fewer Lapland longspurs were observed at Okpilak in 1982 than 
in 1983 or 1985 (Table 34). Numbers of longspurs were statistically similar 
from 1983 to 1985 at Okpilak, Katakturuk, and Jago Bitty. However, 
significant differences in longspur density existed among years in at least 
some habitats at all three locations sampled in 1984 and 1985 (Aichihk, 
Sadlerochit, and Jago Delta). Fewer longspurs were observed during 1985 at 
Aichilik in Riparian, Moist Sedge-Shrub, and Moist Sedge. Similarly, 
longspur densities at Jago Delta declined in Riparian, Mosaic, and Wet Sedge 
and nest density declined over all habitats from 1984 to 1985 (Table 35). 
In contrast, numbers of longspurs at Sadlerochit increased from 1984 to 1985 
in Riparian and Wet Sedge. 

Multi-year studies of tundra birds near Barrow and Atkasook (Myers and 
Pitelka 1980) revealed that some plots exhibited 2-fold or greater changes 
in Lapland longspur density (Atkasook plot, Barrow plots 2 and 3) between 
some pairs of consecutive years and not others. In contrast, one plot 
(Barrow plot l) maintained relatively similar densities over 5 consecutive 
years. Exact causes of the observed annual variability were unknown but the 
authors stressed the need for understanding these factors and suggested some 
general areas for continued investigation: annual changes in weather, inter 
and intra-specific competition, and changes in predator densities. 

Food availability is probably a major factor in nesting habitat selection by 
Lapland longspurs (Seastedt and MacLean 1979) but its impact on annual 
~ariahility is speculative. Seastedt and MacLean (1979) found that longspur 
terri tory size (and therefore pro hably density) was inversely related to 
"expected" prey density. They derived "expected" prey density from the mean 
of several years of data and found a stronger relationship between this mean 
and territory size than between prey density of the current year and 
territory size. They hypothesized that longspurs preferred or selected 
habitats which likely had higher prey densities. This hypothesis is further 
supported by the fact that the majority of the longspur diet during the 
period of territory establishment was seeds (Custer and Pitelka 1978), 
suggesting relatively low arthropod availability during this period (Holmes 
1966, Seastedt and MacLean 1979). 

Pectoral Sandpiper 

Numbers of pectoral sandpipers observed from 1982 to 1985 varied somewhat 
within habitats, but relative ranks of habitats were quite similar ano 
overall densities were statistically similar within locations among years at 
Katakturuk, Sadlerochit and Jago Delta (Table 36). However, there was a 
significant increase in nest density in Wet Sedge habitat at Sadlerochit 
(from 1984 to 1985) and a significant decline in nest density in Mosaic 
habitat at Jago Delta from 1984 to 1985 (Table 37). Nest densities were 
statistically similar among years at Katakturuk. Pectoral sandpiper 
densities declined in all habitats at Jago Bitty from 1983 to 1985 but nest 
densities were similar in both years. Pectoral sandpiper numbers at Okpilak 
were statistically similR.r in all habitats from 1982 to 1983. However, 
higher densities were observed in Flooded habitat and lower densities were 
observed in Mosaic and Wet Sedge habitats in 1985 than in 1982 or 1983. No 
significant differences among years were detected in nest densities at 
Okpilak. Significant declines in pectoral sandpipers were also observed in 
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Table 34. Mean densities of Lapland longspurs (birds/km2) observed in 5 
habitats and 6 locations during the reproductive season on the 
coastal plain of the Arctic National Wildlife Refuge, Alaska, 
1982 - 1985a. 

Mean Lapland Longspurs/km2 

OKPILAKb 

(Habitat P=0.007; Year P=O.OOl; Year x Habitat P=0.244) 

V IVa III II 
98 113 81 20 1982 - A 

158 148 101 54 1983 - B 
163 124 115 77 1985 - B 

KATAKTURUKc 

(Habitat P<O.OOl; Year P=0.242; Year x Habitat P=O.l42) 

IX III VI V IV 
2 4 7 -=6 3=-------=-84-:-----=5=8 --=5=3 198 3 - A 
325 95 50 68 56 1985 - A 

JAGO BITTYd 

(Habitat P<O.OOl; Year P=0.295; Year x Habitat P=O.l32) 

IX V IV VI III 

173 95 83 
157 96 81 

AI CHI LIKe 

60 
79 

42 1983 - A 
66 1985 - A 

(Habitat P<O.OOl; Year P<O.OOl: Year x Habitat P=0.027) 

v IX VI 
240 

1984 -
v IX VI IV III 200-

-231 182 167 62 51 160-
-

1985 120-
IX v VI III IV - ~ '/. 

so- ·~.· ~ 108 99 82 41 31 c =i - ;} r.-: ·~:: 

40- !: r ~ .;. 

- ~; {: 

0 
l~ 1.? < 

AB AB AB 
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Table 34. (continuect). 

SADLEROCHITf 

JAGO 

a 

b 

c 

d 
e 
f 

(Habitat P=0.045; Year P<O.OOl; Year x Habitat P=0.003) 

400 
IX v 

1984 .;.·. - ~-
IX v IVa VI III "' 300- .;: 

218 178 154 106 103 :I 

- ~; 
~ 

1985 200- It 
~! IX III IVa v VI - [! 

384 178 171 154 143 100- ? 
:"": 

'" - ~: ... 
0 

~: 

DELTAe BA AA 

(Habitat P=0.002; Year P<O.OOl; Year X Habitat P=0.002) 

IVa IX 

1984 180-

IVa IX v III II -
183 169 148 137 7l 140-

-
100-

... 

- 0 ~ 1985 ·.:-

~l 
!;· 

60-
.,-

v IVa II IX III ,. 
~~ in 

118 113 88 87 59 - ;_; ·,; 

-~· ~~ 

20- T ~ 
'•. 

AB AB 

IVa 

AA 

v 

~ 
·~; 
~ 

~~ .. 
w~ 

~ f 
AA 

VI m 
D 1984 
~ 1985 

AA BA 

m n 
D 1984 
~1985 

~ 
~ & 

" ~ -~~ 

~~ 
z r~ ;,• 

AB AA 

Underlining indicates habitat means which are not significantly 
different at P=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes; V: 1982 n=4, 1983 n=8, 1985 n=lO; IVa: 1982 n=l6, 1983 
n=l6, 1985 n=20; III: 1982 n=l2, 1983 n=l2, 1985 n=l5; II: 1982 n=l2, 
1983 n=l2, 1985 n=l5. 
Sample sizes; IX: 1983 n=l2, 1985 n=l5; III: 1983 n=4, 1985 n=5; VI: 
1983 n=l2, 1985 n=14, V: 1983 n=l2, 1985 n=l5; IV: 1983 n=8, 1985 n=lO. 
Sample sizes for all habitats: 1983 n=l2; 1985 n=l5. 
Sample sizes for all habitats and both years: n=l5. 
Sample sizes for all habitats and both years: n=l5, except 1985 IX: 
n=l8. 
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Table 35. Mean densities of Lapland longspur nests (nests/km2) observed 
in 5 habitats at Jago Delta during the reproductive seasons of 
1984 and 1985 on the coastal plain of the Arctic National 
Wildlife Refuge, Alaskaa. 

Mean Lapland Longspur Nests/km2 

JAGO DELTAb 

a 

b 

(Habi b:l.t P=0.261; Year P=0.006; Year x Habitat P=0.221) 

v IVa III II IX 
27 33 23 23 7 1984 - A 
27 10 10 3 3 1985 - B 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed by the same letter are not 
significantly different at P=0.05. 
Sample sizes for all habitats and both years: n=3. 
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Table 36. Mean densities of pectoral sandpipers (birds/km 2) observed in 5 
habitats and 6 locations during the reproductive seasons of 1982, 
1983, 1984 and 1985 on the coastal plain of the Arctic National 
Wildlife Refuge, Alaskaa. 

Mean Pectoral Sandpipers/km2 

OKPILAKb 

(Habitat P=0.006; Year P=0.340; Year x Habitat P=0.007) 

1982 II IVa III v 
II IVa III v 140 82 45 32 23 a 1982 

c 120 ~ 1983 

100 om 1985 

80 
1983 60 
II III IVa v 
84 68 66 23 40 

20 

1985 0 
II IVa III v AAB AB AB AB AB AAA 

145 21 13 5 

KATAKTURUKd 

(Habitat P=O.l44; Year P=0.242; Year x Habitat P=0.689) 

III v VI IV IX 
18 15 6 0 0 1983 - A 
13 8 3 l 0 1985 - A 

JAGO BITTYe 

(Habitat P< 0.001: Year P=0.003; Year x Habitat P=0.094) 

III v IV IX VI 

64 23 10 7 0 1983 - A 
39 4 4 0 0 1985 - B 
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Table 36. ( continuec1). 

AICHILIKf 

(Habitat P<O.OOl; Year P<O.OOl; Year x Habitat P< 0.001) 

1984 v VI m IV IX 
80 v VI III IV IX 

73 44 17 3 3 0 1984 
60 rn 1985 

1985 
v III VI IX IV 40 
34 20 12 3 0 

;·~ 

20 
,.::: 

~i· . ~-~ 

0 
:;;( 

SADI,EROCHITg AB AB AA AA AA 

(Habitat P=O.OOl; Year P=0.734; Year x Season P=0.328) 

III IVa V IX VI 
~ =3~9---=27=-~1~0--~1~0 

90 19 20 23 8 
1984 - A 
1985 - A 

JAGO DELTAf 

a 

h 

c 

d 

e 
f 
g 

(Habitat P=O.OOl; Year P=O.ll9; Year x Habitat P=0.380) 

II IVa 
51 51 
72 45 

V III 
14 8 
25 18 

IX 
0 

0 
1984 - A 
1985 - A 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes; V: 1982 n=4, 1983 n=8, 1985 n=lO; IVa: 1982 n=l6, 1983 
n=l6, 1985 n=20; III: 1982 n=l2, 1983 n=l2, 1985 n=l5; II: 1982 n=l2, 
1983 n=l2, 1985 n=l5. 
Wet Sedge was significantly different from Flooded, but Moist 
Sedge-Shrub was not significantly different from Flooded. 
Sample sizes; IX: 1983 n=l2, 1985 n=l5; III: 1983 n=4, 1985 n=5; VI: 
1983 n=l2, 1985 n=l4; V: 1983 n=l2, 1985 n=l5: IV: 1983 n=8, 1985 
n=lO. 
Sample sizes for all habitats: 1983 n=l2, 1985 n=l5. 
Sample sizes for all habitats and both years: n=l5. 
Sample sizes for all habitats and both years: n=l5, except 1985 IX: 
n=l8. 
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Table 37. Mean densities of pectoral sandpiper nests (nests/km2) observed 
in 5 habitats and 3 locations during the reproductive seasons of 
1984 and 1985 on the coastal plain of the Arctic NationRl 
Wildlife Refuge, Alaskaa. 

Mean Pectoral Sandpiper Nests/km2 

AICHILIKb 

(Habitat P=O.l59; Year P=0.033; Habitat x Year P=0.072) 

V VI 
3 10 

20 10 

III 
3 

10 

IV 
0 
0 

IX 
0 
0 

1984 - B 
1985 - A 

SADLEROCHITc 

JAGO 

a 

b 
c 

(Habitat P=0.357; Year P=0.387; Habitat x Year P=O.Ol6) 

20 
IVa VI v IX IV 

1984 ... 
;-,~ 

IVa VI v IX III 0 1984 :~: 

13 7 3 3 0 
16 [g) 1985 ~ 

12 * ~~:· 

1985 8 ~ 
1~. 

III VI IX IVa v ~ 20 7 7 3 0 4 .. 
0 

. ~] 

AA AA AA AA BA 
DEWAb 

(Habitat P< 0.001; Year P=0.002; Year X Habitat P=0.002) 

IVa II v m IX 
1984 40 

IVa II v III IX 0 1984 

40 10 7 0 0 30 tiJ 1985 

20 
1985 
IVa II v III IX 

7 7 0 0 0 10 

0 
AB AA AA AA AA 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes for all habitats and both years: n=3. 
Sample sizes for all habitats and both years: n=3, except 1985 IX: n=4. 
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~'loist Sedge-Shrub and Tussock habitats at Aichilik from 1984 to 1985. 
Numbers of nests declined significantly in Mosaic habitat at Jago Delta. 

Researchers have found 
varied among locations 
location (Pitelka 1959, 

that densities of pectoral sandpipers typically 
within a year and often among years at a given 

Holmes 1966). Pitelka et Rl. (1974) felt that 
variations in breeding density could be related to food availability. Myers 
and Pitelka (1980) examined shorebird use of three habitat gradients 
(polygonization, pondiness, vegetation density) over three years at Atkasook 
(inland) and four years at Barrow (coastal). Pectoral sandpipers exhibited 
significant annual variation in use of polygonization and vegetation density 
gradients at Atkasook and of all three gradients at Barrow. 

Pi telka ( 1959) suggested that the inland location (Umiat) experienced less 
annual variability than coastal areas in local pectoral sandpiper 
densities. Umiat is located considerably further inland (and further west) 
than the inland locations censused on ANWR and may not be comparablP-. 
However, the areas are similar in that they have Riparian habitats and 
associated wetlands in close proximity to foothills. The two coastal 
locations censused on ANWR in 1984 and 1985 lacked significant annual 
variahility which was observed in two habitats at Aichilik, the inland 
site. Okpilak, the coastal location censused in 1982, 1983, and 1985 
exhibited annual variation in 3 of 4 habitats and Jago Bi tty, an inland 
site, demonstrated significantly lower overall densities in 1985 than 1983. 
Katakturuk, also an inland site, showed no significant difference among 
years. Thus, on ANWR, no consistent coastal/inland differences in annual 
variability were observed. 

Semipalmated sandpiper 

No significant annual variations in semipalmated sandpiper densities were 
observed at Jago Bitty, Sadlerochit, or Jago Delta (Table 38). Densities of 
semipalmated sandpipers at Okpilak were significantly higher in Mosaic 
habitat during 1982 than in 1983 or 1985 and significantly higher in Flooded 
habitat during 1985 than in 1982 or 1983 (Table 38). Sandpiper numbers 
increased more than two-fold during 1985 over 1983 densities in Riparian 
habitat at Katakturuk and were lower at Aichilik than in 1984. 

Pitelka et al. (1974) stated that semipalmated sandpipers tended not to 
undergo "large" population fluctuations but that this species could achieve 
high densities in very favorable habitats. Myers and Pitelka (1980) 
observed two-fold density changes and significant shifts in semipalmated 
sandpiper habitat use among years along a polygonization gradient at 
A.tkasook (inland). Annual variations in density at Barrow (coastal) were 
similar but shifts in habitat use occurred along polygonization, pondiness, 
and vegetation density gradients. 

Lesser Golden-plover 

Lesser golden-plover densities were statistically similar among years at 
Katakturuk and Jago Bitty (1983 to 1985) and Aichilik and Jago Delta (1984 
to 1985) despite apparent declines at the inland locations and an apparent 
increase at the coastal site (Table 39). Significant increases, however, 
were observed in plover nests at Jago Delta (Table 40). At Okpilak, plover 
densities increased significantly in Hoist Sedge-Shrub (where they were not 
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Table 38. Mean densities of semipalmated sandpipers (birds/krn 2) observed 
in 5 habitats and 6 locations during the reproductive seasons of 
1982, 1983, 1984 and 1985 on the coastal plain of the Arctic 
National Wildlife Refuge, Alaskaa. 

Mean Semipalmated Sandpipers/km2 

OKPILAKb 

(Habitat P=0.280; Year P=0.334; Year x Habitat P=0.007) 

1982 IVa II III v ,, 
IVa II III v 16 :,: II 1982 :0~1' 

9 4 0 0 14 ~. ~ 1983 
12 

~ 1985 
1983 10 
II IVa III v 8 

6 4 0 0 6 
4 

1985 2 
II IVa III v 
17 3 0 0 0 

ABB BBA AAA AAA 

KATAKTURUKC 

(Habitat P<O.OOl; Year P=O.l49; Year x Habitat P=0.005) 

1983 IX VI v IV m 
IX VI v IV III 100 t::· 
46 18 6 5 0 ;,~ 

~ 1983 

80 ~ ~ 1985 

1985 •'· ,1,£ 

:~~ 

IX VI v IV III 60 J{; 

6 
~' 

107 3 0 0 
40 ~~ 

20 

0 
JAGO BITTYd BA AA AA AA AA 

(Habitat P=0.025; Year P=O.l20; Year x Habitat P=0.404) 

IX v VI III IV 

23 20 3 0 0 1983 - A 
33 20 0 2 0 1985 - A 
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Table 38. (continued). 

AI CHI LIKe 

(Habitat P=0.434; Year P=O.l20; Year x Habitat P=O.Ol9) 

1984 12 
IX v 

IX v VI III IV 10-
12 7 1 0 0 

8-

6-
1985 

IX v VI III IV 4-
5 5 3 0 0 2-

0 

b ~;·~ :;. .. 
''') 

~·~ =~ 
~~(;. '(~ 

•.\ ,~, 

\t: ·."{. 

;'i; c~ ,,, .::. ;:; ;~: 

AB 

VI 

r ~ . 

III 

01984 

1.21 1985 

I 

IV 

I 

SADLEROCHITf 
AA AA AA AA 

(Habitat P<O.OOl; Year P=0.300; Year x Habitat P=0.853) 

IX V IVa III -----=--=-
88 

104 
31 29 
34 29 

3 
18 

VI 

2 
2 

1984 - A 
1985 - A 

JAGO DELTAe 

a 

b 

c 

d 
e 
f 

(Habitat P=0.646; Year P=0.749; Year x Habitat P=O.l20) 

IX 
13 
12 

II 
6 

14 

IVa V 
13 7 
4 11 

III 
7 
2 

1984 - A 
1985 - A 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes; V: 1982 n=4, 1983 n=8, 1985 n=lO; IVa: 1982 n=l6, 1983 
n=l6, 1985 n=20; III: 1982 n=l2, 1983 n=l2, 1985 n=l5; II: 1982 n=l2, 
1983 n=l2, 1985 n=l5. 
Sample sizes; IX: 1983 n=l2, 1985 n=l5; III: 1983 n=4, 1985 n=5; VI: 
1983 n=l2, 1985 n=l4; V: 1983 n=l2, 1985 n=l5; IV: 1983 n=8, 1985 n=lO. 
Sample sizes for all habitats: 1983 n=l2; 1985 n=l5. 
Sample sizes for all habitats and both years: n=l5. 
Sample sizes for all habitats and both years: n=l5, except 1985 IX: 
n=l8. 
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Table 39. Mean densities of lesser golden-plovers (birds/km 2) observed in 
5 habitats and 6 locations during the reproductive seasons of 
1982, 1983, 1984 and 198'3 on the coastal plain of the Arctic 
National Wildlife Refuge, Alaskaa. 

OKPILAKb 

(Habitat 

1982 
IVa v 
7 0 

1983 
v IVa 

15 3 

1985 
v IVa 
8 

Mean Lesser Golden-plovers/km2 

P=O.OOl; Year P=0.068; Year x Habitat P=0.044) 

II III 
0 

II 
2 

0 

III 
2 

14 

12 

10 

8 

6 

4 

IVa v n III 

ll§ll 1982 

~ 1983 

E] 1985 

5 
II 

3 
III 

0 
2 
o~~~a---~~--~~--~--~ 

AAA CAB 
KATAKTURUKC 

(Habitat P=0.230; Year P=0.248; Year x Habitat P=0.954) 
VI IX V IV III 
16 12 7 9 3 1983 - A 

9 9 5 l 0 1985 - A 

JAGO BITTYd 

(Habitat P=O.l2l; Year P=0.72l; Ye2r x Habitat P=0.882) 

IX 
16 
12 

AICHIJJIKe 

IV V 
8 7 

12 6 

IV 
5 
3 

III 
3 
2 

1983 - A 
1985 - A 

(Habitat P=O.OOl; Year P=0.05l; Year x Habitat P=0.845) 

IX 
33 
28 

IV 
23 
18 

V IV 
ll 10 
10 5 

III 
2 
0 

1984 - A 
1985 - A 
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Table 39. (continuen). 

SADLEROCHITf 

(Habitat P=O.Ol5; Year P=0.289; Year x Habitat P=0.032) 

1984 
IX 
18 

1985 
IX 
27 

IVa 
13 

VI 
16 

v 
7 

IVa 
5 

VI 
4 

v 
4 

III 
0 

III 
1 

AA AA AA BA 

JAGO DELTAe 

a 

b 

c 

d 
e 
f 

(Habitat P=0.351; Year P=O.l52; Year x Habitat P=0.402) 

IX 
5 

25 

IVa 
3 

11 

II 
9 
1 

v 
0 
9 

III 
2 
7 

1984 - A 
1985 - A 

Underlining indicates habitat means which are not significantly 
different at P=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes; V: 1982 n=4, 1983 n=8, 1985 n=lO, IVa: 1982 n=l6, 1983 
n=l6, 1985 n=20; III: 1982 n=l2, 1983 n=l2, 1985 n=l5; II: 1982 n=l2, 
1983 n=l2, 1985 n=l5. 
Sample sizes; IX: 1983 n=l2, 1985 n=l5; III: 1983 n=4, 1985 n=5; VI: 
1983 n=l2, 1985 n=l4; V: 1983 n=l2, 1985 n=l5; IV: 1983 n=8, 1985 n=lO. 
Sample sizes for all habitats: 1983 n=l2; 1985 n=l5. 
Sample sizes for all habitats and both years: n=l5. 
Sample sizes for all habitats and both years: n=l5, except 1985 IX: 
n=l8. 
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Table 40. Mean densities of lesser golden-plover nests (nests/km 2) 
observed in 5 habitats and 2 locations during the reproductive 
seasons of 1984 and 1985 on the coastal plain of the Arctic 
National Wildlife Refuge, Alaskaa. 

Mean Lesser Golden-plover nests/km2 

SADLEROCHITb 

(Habitat P=O.l39; Year P=0.073; Habitat x Year P=0.034) 

1984 10 
IVa VI 

IVa VI IX III v -
7 3 3 0 0 8-

-
1985 6-
VI IVa IX III v -
10 7 3 0 0 4-

-
2-
-

0 

IX ill 

Ot9s4 
~1985 

v 

JAGO DELTAc 
AA BA AA 

a 

b 
c 

(Habitat P=0.415; Year P=O.Ol7; Habitat x Year P=0.415) 

V III 
0 0 
10 7 

IVa 
0 
3 

IX 
0 
3 

II 
0 
0 

1984 - B 
1985 - A 

Underlining indicates habitat means which are not significantly 
different at P=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes for all habitats and both years: n=3, except 1985 IX: n=4. 
Sample sizes for all habitats and both years: n=3. 
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observed in 1982) from 1982 to 1983 and declined by half in 1985. Densities 
in other habitats at Okpilak varied but were statistically similar among 
years. Plover and nest densities increased significantly in Tussock habitat 
at Sadlerochit from 1984 to 1985. Plovers also appeared to increase in 
Riparian and decline in Mosaic and Moist Sedge-Shrub at Sadlerochit during 
this period. 

Very low densities of golden-plovers were observed at A tkasook (Myers and 
Pi telka 1980). Over the three years the area was censused, plovers were 
present at identical densities for two years and absent the third year. 
Golden-plover densities at Barrow varied as much as four-fold among years on 
a given plot (Myers and Pi telka 1980). Habitat use did not vary along any 
of the measured habitat gradients at Atkasook but plover use of habitats 
varied along gradients of pondiness and vegetation density at Barrow (Myers 
and Pi telka 1980). During some years golden-plovers confined their 
activities to upland sites while in other years they moved into heavily 
ponded areas. Observations of Martin and Moitoret (1981) and McWhorter et 
al. (1987) suggested that wet areas were used as brood-rearing habitat. 

Red-necked Phalarope 

No significant annual variation was observed in red-necked phalarope 
densities at the three coastal locations ( Okpilak, Sadlerochit, and Jago 
Delta) or at Katakturuk (which had extremely low densities) (Table 41). 
Nevertheless, a three-fold decrease from 1982 to 1983 and a four-fold 
increase from 1983 to 1985 were observed in phalarope densities in Flooded 
habitat at Okpilak. Significant increases in phalarope density were 
recorded from 1983 to 1985 in Moist Sedge-Shrub and Wet Sedge habitats at 
Jago Bi tty. In addition, phalarope densities at Aichilik declined 
significantly in Moist Sedge-Shrub from 1984 to 1985. No significant annual 
variability was observed in red-necked phalarope nest densities. 

Although red-necked phalaropes were absent from study plots at Barrow and 
Atkasook during most years, they were present in very low densities on one 
plot at Barrow and at a moderately high density on the Atkasook plot in 1979 
(Myers and Pitelka 1980). Martin (1983) also reported annual variation in 
red-necked phalarope densities on the Canning River Delta. 

Total Birds, Total Species 

Significant annual variation was ob_served for mean total bird density and 
mean number of species in at least some habitats at virtually all 
locations. Annual changes in total birds were usually heavily influenced by 
changes in one or several abundant species for a given habitat and 
location. Very few locations exhibited significant annual variation in nest 
densities or numbers of nesting species. Locations are discussed 
individually and species which made major contributions to annual 
variability are identified. In addition, less abundant species which 
exhibited substantial annual variations (increase of 100% or more, decrease 
of 50% or more) in density are often listed by habitat. 

Okpilak. Significant increases in total bird densities and total species 
were observed in Flooded habitat at Okpilak from 1982 and 1983 to 1985 
(Table 42). Species which contributed substantially to the increase 
included brant, pectoral sandpiper, red-necked phalarope, red phalarope, and 
Lapland longspur (Appendix Table V). 
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Table 41. Mean densities of red-necked phalaropes (birds/km~) observed in 
5 habitats and 6 locations during the reproductive seasons of 
1982, 1983, 1984, and 1985 on the coastal plain of the Arctic 
National Wildlife Refuge, Alaskaa. 

Mean Red-necked phalaropes/km2 

OKPILAKb 

(Habitat P=0.02l; Year P=0.327; Year x Habitat P=0.323) 

II 
72 
26 

101 

IVa 
16 

8 
6 

KATAKTURUKc 

III 
9 
9 
9 

v 
28 

0 
0 

1982 - A 
1983 - A 
1985 - A 

(Habitat P=0.64l; Year P=0.517; Year x Habitat P=0.64l) 

v 
0 
3 

III 
0 
0 

JAGO BITTYd 

IV VI 
0 0 
0 0 

IX 
0 
0 

1983 - A 
1985 - A 

(Habitat P=0.076; Year P=0.034; Year x Habitat P=O.l32) 

v 
6 

12 

AICHILIKe 

III 
2 
7 

IV VI 
0 0 
0 0 

IX 
0 
0 

1983 - B 
1985 - A 

(Habitat P<O.OOl; Year P=0.090; Year x Habitat P=O.Ol6) 

1984 v VI 
v VI IX III IV 20-
21 6 0 0 0 -

16-
1985 -
v VI IX III IV 12-

9 6 2 0 0 -
~ 8- {:§ - ,, 

4- ~2 

- ~;~ 
...?.' 

0 ·~·'\ 

AB AA 

137 

IX Ill 

0 1984 

[illt985 

rn 
V-.:1 
I 

AA A~ 

IV 



Table 41. (continued). 

SADLEROCHITf 

(Habitat P=0.042; Year P=0.900; Year x Habitat P=0.598) 

III 

12 
19 

IVa 

10 
4 

v 

4 
3 

IX VI 

3 
l 

0 
0 

1984 - A 
1985 - A 

JAGO DELTAe 

a 

b 

c 

d 
e 
f 

(Habitat P=0.002; Year P=0.30l; Year x Habitat P=0.33l) 

IVa 
8 
7 

II 
3 
7 

v 
0 
l 

III 
0 
0 

IX 
0 
0 

1984 - A 
1985 - A 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes; V: 1982 n=4, 1983 n=8, 1985 n=lO; IVa: 1982 n=l6, 1983 
n=l6, 1985 n=20; III: 1982 n=l2, 1983 n=l2, 1985 n=l5, II: 1982 n=l2, 
1983 n=l2, 1985 n=l5. 
Sample sizes; IX: 1983 n=l2, 1985 n=l5; III: 1983 n=4, 1985 n=5; VI: 
1983 n=l2, 1985 n=l4; V: 1983 n=l2, 1985 n=l5; IV: 1983 n=8, 1985 n=lO. 
Sample sizes for all habitats: 1983 n=l2; 1985 n=l5. 
Sample sizes for all habitats and both years: n=l5. 
Sample sizes for all habitats and both years: n=l5, except 1985 IX: 
n=l8. 
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Table 42. Mean total birds (birds/km2) and mean number of species 
(species/O.lkm2) observed in 4 habitats at Okpilak during the 
reproductive seasons of 1982, 1983 and 1985 on the coastal plain 
of the Arctic National Wildlife Refuge, Alaskaa. 

Okpilak 

MEAN TOTAL BIRDS/km2 b 

(Habitat P=0.004; Year P=0.333; Year x Habitat P=0.030) 

1982 
II 

309 

1983 

IVa V 
236 165 

III 
150 

II IVa V III 
328 264 210 203 

1985 
II V IVa 

529 203 182 
III 
153 

soo~--~~~~--~~~v~a~--~v ____ ~II~I---
[§§1 7982 

500 ~ 1983 

~0 ~705 

300 

200 

100 

0~~~~~~~~~~~~~ 

BBA AAA AAA AAA 

MEAN TOTAL SPECIES/O.lkm2 b 

a 

b 

(Habitat P=0.004; Year P=0.709; Year x Habitat P=0.004) 

1982 
II IVa 

7.1 5.6 
III V 
4.1 3.3 

1983 
II IVa III V 

8.2 5.1 4.1 4.0 ..:;:__ __ .:....;__-'--_ 

1985 
II IVa III V 

10.2 4.2 3.3 3.0 ___ :..._..:_~_ 

ll IVa III V 
11~--~----~~---------------

10 ~ 7982 

9 ~ 7983 

8 rim 7985 
7 
6 
5 
4 
3 
2 
1 
0-L~~~~~~--~~--~~~ 

BBA A AB 8 AAA AAA 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years subtended by the same letter are not 
significantly different at p=0.05. 
Sample sizes; II: 1982 n=l2, 1983 n=l2, 1985 n=l5; IVa: 1982 n=l6, 
1983 n=l6, 1985 n=20; V: 1982 n=4, 1983 n=8, 1985 n=lO; III: 1982 
n=l2, 1983 n=l2, 1985 n=l5. 
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Observed annual changes in nest density were largely the result of the 
presence or absence of one or two nests of several species (Appendix Table 
VII). In addition, a small nesting colony of brant and glaucous gulls not 
observed in 1982 or 1983 was present in 1985 (McWhorter et al. 1987). 
Red-throated loons, which nested all three years, appeared to increase in 
1985. Mosaic, Moist Sedge-Shrub, and Wet Sedge habitats all exhibited 
relatively low annual variability. Most fluctuations in bird and nest 
densities were confined to species which were present in relatively low 
densities. 

Ka takturuk. Substantial increases in densities of semi palma ted sandpipers, 
Lapland longspurs, and redpolls and slight increases in semipalmated 
plovers, Baird's, pectoral and buff-breasted sandpipers, and long-billed 
dowitchers resulted in a significant increase in total bird densities in 
Riparian habitat at Katakturuk from 1983 to 1985 (Table 43). Nest densities 
declined due to the absence of nesting semipalmated sandpipers, lesser 
golden-plovers, ruddy turns tones and a nearly 50% decline in nesting by 
Lapland longspurs in 1985 (Appendix Table VII). 

Although more species of shorebirds were present in Moist Sedge-Shrub at 
Katakturuk in 1985, most of the slight increase in observed total bird 
density was due to higher Lapland longspur densities. Nest densities more 
than doubled as species composition changed among years and Lapland longspur 
nest density increased substantially (Appendix Table VII). 

Species composition was quite similar among years in Wet Sedge habitat and 
the observed density increase resulted from higher Lapland longspur 
densities. No nests were observed during either year. Total bird densities 
were identical among years in Moist Sedge. Although more total species were 
observed in 1985 than 1983 (Table 43), several species were observed only 
rarely in 1985 and sightings were more consistent in 1983. Nesting species 
composition was identical for both years and Lapland longspur nest density 
declined slightly in 1985. 

Several species declined in Tussock habitat from 1983 to 1985 but Lapland 
longspurs were the largest contributors to the overall decline in total bird 
densities. Numbers of species observed increased in 1985 due to the 
presence of willow ptarmigan, pomarine jaegers, short-eared owls and 
redpolls at very low densities (Appendix Table V). Nest density declined in 
1985 due to the absence of nesting pectoral sandpipers and fewer nesting 
semipalmated sandpipers (Appendix Table VII). 

Jago Bi tty. Total bird and nest densities increased significantly overall 
from 1983 to 1985 at Jago Bitty (Table 44). Greatest increases in bird 
density were observed in Wet Sedge and Tussock habitats which also 
experienced significant increases in total species (Table 44). Higher bird 
densities in Wet Sedge resulted from substantial increases in densities of 
willow and rock ptarmigans, Lapland longspurs, and smaller increases in 
northern pintails, oldsquaws, stilt sandpipers, long-billed dowitchers, 
red-necked phalaropes, pomarine and long-tailed jaegers, short-eared owls, 
and redpolls. Also, 6 additional species nested in Wet Sedge in 1985: 
northern pintail, willow and rock ptarmigan, stilt sandpiper, red-necked 
phalarope, and long-tRiled jaeger. Increased bird densities in Tussock 
habitat primarily resulted from higher ptarmigan densities. Fewer total 
species nested in Tussock in 1985 and the slight increase in nest density 
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Table 43. Mean total birds (birds/km2) and mean number of species 
(species/O.lkm2) observed in 5 habitats at Katakturak durine 
the reproductive seasons of 1983 and 1985 on the coastal plain of 
the Arctic National Wildlife Refuge, Alaskaa. 

Katakturuk 

MEAN TOTAL BIRDS/km2 b 

(Habitat P<O.OOl; Year P=O.l20; Year x Habitat P=0.033) 

1983 700 
IX VI v m IV 

IX VI v III IV 
428 145 102 100 7l 

600 ~ 1983 

500 
[i.§ 1985 

1985 400 
IX III v VI IV 

633 130 123 99 7l 
300 

200 

100 

0 

MEAN TOTAL SPECIES/O.lkm2 b 
BA AA AA AA AA 

a 

b 

(Habitat P=O.OlO; Year P=0.234; Year x Habitat P=0.652) 

IX V VI 
6.8 3.3 3.4 
7.4 4.5 2.0 

III IV 
2.8 2.3 
3.0 2.0 

1983 - A 
1985 - A 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes; IX: 1983 n=l2, 1985 n=l5; VI: 1983 n=l2, 1985 n=l4; V: 
1983 n=l2, 1985 n=l5; III: 1983 n=4, 1985 n=5; IV: 1983 n=8, 1985 n=lO. 
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Table 44. Mean total birds (birds/km2), mean number of species 
(species/O.lkm2) and mean number of nesting species 
(species/O.lkm2) observed in 5 habitats at Jago Bitty during 
the reproductive seasons of 1983 and 1985 on the coastal plain of 
the Arctic National Wildlife Refuge, Alaskaa. 

Jago Bitty 

MEAN TOTAL BIRDS/km2 b 

(Habitat P<O.OOl; Year P=0.029; Year x Habitat P=0.233) 

IX V III VI IV ----

260 189 121 90 110 
267 187 180 144 120 

MEAN TOTAL SPECIES/0.1 km2 b 

1983 - A 
1985 - B 

(Habitat P=O.Oll; Year P<:O.OOl; Year x Habitat P=O.Ol4) 

1983 7 
IX v 

IX v VI III IV ~ 
5.3 5.0 ).1 2.8 2.5 

6- [] 
'.:~ 

. 
5- 1'.~ r';: 

1985 ~~ 
·.~. 

4- ' ~ III IX v VI IV 
3-

~ ~ ·;· 

6.3 5.8 5.4 4.3 3.6 ~~ 

"' '· 2- ':t :·.l 

1 ~: 
1- ~~: 

(~ ~· 
0 

AA AA 

MEAN TOTAL NESTING SPECIES/0.1 km2 c 

(Habitat P=0.582; Year P=0.047; Year x Habitat P=0.510) 

IX 
3.0 
4.3 

III V 
2.0 2.7 
4.0 3.0 

IV VI 
2.0 2.0 
2.7 2.0 

1983 - B 
1985 - A 

VI 

1983 
1985 

~ 
" 

r- ~t 
.-·, 
';! ,, 
~ .,, 
,, 
~ 

BA 

III IV 

·' !:, 
.;~ 

..~ 

-;_". 

~ 
i~ 
;. 

'·· j ,.. .. 
:-: 
:~ 

BA AA 

a 

b 
c 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes for all habitats: 1983 n=l2; 1985 n=l5. 
Sample size for all habitats and both years: n=3. 
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observed in 1985 resulted from higher numbers of longspur nests (Appendix 
Table VII). 

Although bird density increased only slightly in Riparian habitat in 1985, 
nest density nearly doubled as a result of higher nesting densities of 
semipalmated sandpipers, Lapland longspurs, rock and willow ptarmigan, 
short-eared owls, and American tree sparrows (Appendix Table VII). No nests 
vrere detected for the latter four species in 1983 and savannah sparrows, 
which nested in 1983, were not observed nesting in 1985. 

Bird and nest densities were similar among years in Moist Sedge but several 
additional species were present (rock and willow ptarmigan, semipalmated and 
buff-breasted sandpipers, long-tailed jaeger). In addition, rock ptarmigan, 
stilt sandpipers, and buff-breasted sandpipers nested in 1985. Bird 
densities were similar and species richness was greater in Moist Sedge-Shrub 
in 1985. Additional species included northern pintail, rock ptarmigan, 
semipalmated plover, pomarine jaeger, glaucous gull, yellow wagtail, and 
redpoll. Lower densities of semi palma ted sandpiper and Lapland longspur 
nests resulted in lowered total nest densities in 1985 despite the addition 
of rock ptarmigan and pectoral sandpiper as nesting species. 

Aichilik. Several species (semipalmated plover, Baird's and stilt 
sandpipers, red-necked phalarope, and arctic tern) not observed on censuses 
in 1984 were observed at low densities in Riparian habitat at Aichilik in 
1985; but total bird densities declined significantly from 1984 as a result 
of substantial declines in densities of lesser golden-plovers, ruddy 
turns tones, pomarine and long-tailed jaegers, and Lapland longspurs (Table 
45, Appendix Table V). In contrast, total nest densities increased 
(primarily redpolls and Lapland longspurs) but the number of nesting species 
decreased slightly from 1984 to 1985 (Appendix Table VII). 

Significant declines in total bird density were also observed in Moist 
Sedge-Shrub habitat from 1984 to 1985. Greatest declines were observed in 
pectoral sandpipers, savannah sparrows and Lapland longspurs although 
several other species of shorebirds, as well as long-tailed jaegers and 
redpolls, were less evident. Surprisingly, nest densities increased among 
years (primarily pectoral and semipalmated sandpipers). 

Tussock, Moist Sedge, and Wet Sedge habitats exhibited relatively small 
annual declines in total bird density. However, significantly higher mean 
numbers of species were observed on Tussock plots in 1985 than in 1984. 
This represented only one more species seen in 1985 and the higher mean 
computed for 1985 resulted from the more even distribution of species across 
replicate plots. Declines in total bird and nest densities in Moist Sedge 
were due to reductions in Lapland longspurs and lesser golden-plovers. 

Sadlerochit. Major increases in total bird densities were observed from 
1984 to 1985 in Riparian and Wet Sedge habitats at Sadlerochit (Table 4h). 
The majority of the change in Riparian habitat resulted from increases in 
lesser golden-plovers, semi palma ted sandpipers and I,apland longspurs. 
Smaller increases were observed in rock ptarmigan, ruddy turnstones, Baird's 
sandpipers, buff-breasted sandpipers, and long-tailed jaegers (Appendix 
Table V). Eight species (red-throated loon, mallard, northern pintail, 
willow ptarmigan, semipalmated plover, whimbrel, glaucous gull, and yello1'r 
wagtail) were observed on Riparian plots in 1985 but not in l98A. In Wet 
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Table 45. Mean total birds (birds/km~ and mean number of species 
(species/O.lkm2) observed in 5 habitats at Aichilik during the 
reproductive seasons of 1984 and 1985 on the coastal plain of the 
Arctic National Wildlife Refuge, Alaskaa. 

Aichilik 

MEAN TOTAL BIRDS/km2 b 

MEAN 

a 

b 

(Habitat P<O.OOl; Year P<O.OOl; Year x Habitat P=0.003) 

v IX VI IV III 

1984 400 0 1984 v IX VI IV III [3 1985 -
431 362 253 105 87 

300 

1985 
200 IX v VI III IV ·;;' 

241 207 183 83 58 
if .,.. ,, 

100 
., 
::: 
-~ .... 

~{ ~~ 

"' ·' 0 
AS AS AA AA AA 

TOTAL SPECIES /O.lkm2 b 

(Habitat P< 0.001; Year P=0.457; Year X Habitat P=0.035) 

IX v VI IV III 
7 ,. } .. 

lq84 ~- ~ { 0 1984 6- '\o. 

IX v VI IV III ~~- ~ .. Ird] 1985 ~ ·~: 

6.8 6.8 4.7 3.6 2.8 5- -~ ;. ;, - ~-t } !. 

4- ,. ~ ·1 

~~ 
1985 t 

f.~ ·"~-' 

3- J -~ .. 
·-

IX VI v III IV ~ ~- ,. 
J!iJ ~- ·' ~ 

,, 
".'' 

,_ 

7.0 7.0 6.3 3.3 2.3 2- :f, ~. ;;: 
-;~ 

,, ;i ,·~-- ~ 

-~ ~ ' .. ;· ~y 

1- c 
~-= ~~ \ ... .;! 

~ .',>: t !:~ 

0 
~-1; 

AA AA BA AA AA 

Underlining indicates habitat means which are not significantly 
different at p=0.05; years subtended by the same letter are not 
significantly different at p=0.05. 
Sample sizes for all habitats and both years: n=l5. 
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Table 46. Mean total birds (birds/km2) and mean number of species 
( species/0.1 km2) observed in 5 habitats at Sadlerochit durine 
the reproductive seasons of 1984 and 1985 on the coastal plain of 
the Arctic National Wildlife Refuge, Alaskaa. 

Sadlerochit 

MEAN TOTAL BIRDS/km2 b 

MEAN 

a 

b 

(Habitat P=O.Ol7; Year P<O.OOl; Year x Habitat P<O.OOl) 

700 
IX 

1984 
!:..~ 

IVa v 

IX IVa v III VI 600- 1 
·" 

421 284 266 225 138 500- ·s~ 

400-
~ 
~~ 
'"1 

1985 300- ,,. 
~ 

IX III v IVa VI 
~: 

200-
~ 680 401 257 251 204 

100- .. • 

~ .. 
f11 ~ 

~ ~~ 
~· 

f.; 
0 

., 
) 

TOTAL SPECIES/O.lkm2 b BA AA AA 

(Habitat P<O.OOl; Year P< 0.001; Year X Habitat P=0.002) 

10 
IX 

1984 
IVa v 

IX IVa v III VI 9- ? 
6.3 8- ~ 

7.2 4.8 4.8 3.3 ·::· 
7- ~.~ 

j~ 
6- i~ 1985 5- ~: 

IX III v IVa VI {; ... t 4- •' ,·, y 9.1 6.6 5.7 5.1 4.7 ,_·:::; {~ 
3- :.;-

~~ i~ 

2- ,. (:~· •. )~. 
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Sedge, large increases occurred in pectoral sandpipers, savannah sparrows 
and Lapland longspurs and smaller increases were seen in densities of 
semi palma ted sandpipers, red-necked phalaropes, and parasitic jaegers 
(Appendix Table V). Redpolls, pomarine jaegers and long-tailed jaegers 
(present in 1985) were not observed on Wet Sedge plots in 1984. Nest 
densities were similar among years in Riparian habitat due to compensating 
increases and decreases among species (Appendix Table VII). No pectoral 
sandpiper nests were recorded in Wet Sedge in 1984, and the high density of 
pectoral sandpiper nests in 1985 produced a 50% increase in total nest 
density (Appendix Table VII). 

A moderate increase in total bird and total nest densities occurred in 
Tussock habitat in 1985 (Table 46) that primarily resulted from increased 
densities of Lapland longspur, rock ptarmigan, and lesser golden-plover 
nests (Appendix Table VII). Total species also increased (Table 46) due to 
the presence of buff-breasted sandpipers, all three jaeger species, 
short-eared owls, and savannah sparrows. 

Bird densities were similar among years for Mosaic and Moist Sedge-Shrub 
habitats but total species decreased in Mosaic and increased in Moist 
Sedge-shrub in 1985 (Table 46). Nest densities were similar in 1984 and 
1985 in Moist Sedge-Shrub but declined in Mosaic as a result of declines in 
nests of oldsquaw, and pectoral and semipalmated sandpipers (Appendix Table 
VII). 

Jago Delta. Total bird densities increased significantly in Flooded habitat 
and moderately in Moist Sedge-Shrub habitat at Jago Delta from 1984 to 1985 
(Table 47). Changes in Flooded habitat were due to moderate or small 
increases in densities of several species (particularly pectoral sandpiper, 
long-billed dowitcher, and pomarine jaeger). Surprisingly, a substantial 
decline in total nest densities on Flooded plots occurred from 1984 to 1985 
(Table 47) as a result of large decreases in nests of pectoral sandpipers, 
red phalaropes, and Lapland longspurs (Appendix Table VII). In Moist 
Sedge-Shrub habitat increases also occurred in several species (notably 
lesser golden-plover, pectoral sandpiper and pomarine jaeger) but the 
overall increase was small due to the compensating affect of a substantial 
reduction in Lapland longspur density. Nest densities were statistically 
similar among years for both habitats (Table 47). 

Total bird densities declined in Riparian, Mosaic and Wet Sedge from 1984 to 
1985. However, higher mean numbers of species were observed in all habitats 
except Riparian in 1985. Major declines in Lapland longspur densities far 
exceeded increases observed in some species in all three habitats (Appendix 
Table V). Buff-breasted sandpipers, ruddy turnstones, and redpolls also 
exhibited substantial declines in Riparian habitat while lesser 
golden-plovers and parasitic jaegers were among the species which increased 
(Appendix Table V). Ruddy turnstones made a large contribution to the 
overall increase in nest density in Riparian habitat from 1984 to 1985 
(Appendix Table VII). 

Densities of buff-breasted sandpipers, pomarine jaegers, and pectoral 
sandpipers increased in Wet Sedge habitat in 1985 (Appendix Table V). Total 
nest densities were identical for 1984 and 1985 as a result of compensating 
declines in nests of semi palma ted sandpipers, stilt sandpipers and Lapland 
longspurs and increases in nests of lesser golden-plovers and buff-breasted 
sandpipers. (Appendix Table VII). 
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Table 47. Mean total birds (birds/km2), mean number of species 
(species/0.1 km2) and mean number of nesting species 
(species/O.lkm2) observed in 5 habitats at Jago Delta during 
the reproductive seasons of 1984 and 1985 on the coastal plain of 
the Arctic National Wildlife Refuge, Alaskaa. 

Jago Delta 

MEAN TOTAL BIRDS/km2 b(Habitat P=O.Ol2; Year P=0.278; Year x Habitat 
P=0.003) 

1984 
IVa IX II 
281 244 186 
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MEAN TOTAL SPECIES/O.lkm2 b (Habitat P=O.OOl; Year P=0.013; Year x Habitat 
P=0.496) 

II IVa v IX III 

5.6 4.7 3.6 3.8 2.3 1984 - B 
6.8 6.0 5.0 3.6 '3.4 1985 - A 

MEAN TOTAL NESTING SPECIES/O.lkm2 c (Habitat P=0.017; Year P=0.024; 
Habitat x Year P=0.047) 

a 

b 
c 

1984 
IVa v II III IX 
87 50 47 37 20 

90 IVa v II m IX 
,..... 

80- 0 1984 

70- ~ 1985 . 
60-
50- ,....~ 

1985 
v IVa III IX II 
47 37 37 27 20 
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Underlining indicates habitat means which are not significantly 
different at p=0.05; years followed or subtended by the same letter are 
not significantly different at p=0.05. 
Sample sizes for all habitats and both years: n=l5. 
Sample sizes for all habitats and both years: n=3. 
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Lower densities of semipalmated and pectoral sandpipers were observed in 
1985 than in 1984 in Mosaic habitat. Conversely, densities of northern 
pintails, oldsquaws, rock ptarmigan, lesser golden-plovers, semipalmated 
sandpipers, buff-breasted sandpipers and pomarine jaegers increased. 
Nesting density declined over 50% in Mosaic habitat (Table 47) principally 
because of lower nest densities of semipalmated sandpipers, pectoral 
sandpipers, and Lapland longspurs. 

Sampling Variability: Location, Study Plot, Census 

Common to many avian-habitat studies are the questions: How many locations 
to survey? How many study plots to establish? How many censuses to 
conduct? The experimental design of the 1002 Tundra Bird project 
established replicate study plots within locations and conducted avian 
censuses within study plots. Variation was introduced at each level of the 
sampling hierarchy. Knowing the relative amounts of sampling variation 
attributable to locations, plots within locations, and censuses within plots 
provides information addressing the aforementioned questions. 

Variance component analyses calculated the relative percentage of the total 
variation that was associated with each level of the sampling hierarchy 
(Table 48). Varia hili ty among censuses within study plots was often the 
highest source of variation during both the reproductive and 
post-reproductive seasons. This demonstrated the importance of conducting 
several censuses at a given study plot to more accurately estimate mean 
seasonal density. A single census would likely produce an estimate that was 
not representative of the overall seasonal mean. Pi telka (1959) suggested 
that 5 to 10 surveys within an area would yield a high level of accuracy in 
estimating breeding densities of pectoral sandpipers. 

Various patterns of increasing and decreasing avian densities were observed 
during a given season depending on the habitat, location, and species 
considered. Lapland longs pur abundance in Tussock habitat at Sadlerochit 
during the reproductive season displayed inconsistent trends across the 3 
replicate plots during the 5-week sampling period (Fig. 11). In Moist 
Sedge-Shrub habitat at Niguanak, where high Lapland longs pur nest density 
was recorded, population density peaked midway through the reproductive 
season (Fig. 11). Pectoral sandpiper abundance in Flooded habitat at 
Okpilak fluctuated variably during the reproductive season (Fig. 11), while 
in Moist Sedge-Shrub habitat at Niguanak (an area of high nest density, 
Table 14), pectoral sandpiper abundance peaked during the second week of 
censusing (Fig. ll). 

These examples typify the variability associated with avian censusing during 
the reproductive season. In most instances, the variability between 
censuses increased during the post-reproductive season. Because of high 
variability, a single "point-in-time" estimate of avian density was usually 
not indicative of mean seasonal density, and the accuracy of estimating the 
mean was improved through repeated sampling. 

If the dynamics of tundra bird populations had been evaluated on a weekly 
rather than a seasonal basis, the relationships between habitats, locations, 
and avian distributions would have probably varied depending on the census 
week being considered. In other words, interactions between census week and 
avian distributions would be likely. They would be similar to the 
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Table 48. Relative proportions (expressed as percentages) of the total variation attributed to locations, plots 
within locations, and censuses within plots, for several avian parameters within each Landsat habitat, 
for both the reproductive (R) and post-reproductive (PR) seasons on the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, l985a. 

Habitat Lapland Pectoral Semi palma ted Red-necked Lesser Total Total 
Variance Com2onent longs2ur sandpiper sandQiper phalarope golden-Qlover birds s2ecies 

R PR R PR R PR R PR R PR R PR R PR 
Riparian: 

Location 44 27 4 7 67 l 0 0 4 0 63 29 58 64 
Plot within location 18 14 14 0 3 14 16 l 15 5 22 19 10 6 
Census within plot 38 59 82 93 30 85 84 99 81 95 15 52 32 30 

Flooded: 
Location 0 0 19 31 0 15 23 17 42 3 20 32 21 0 
Plot within location 20 24 0 0 7 0 21 34 9 0 16 0 7 20 
Census within plot 80 76 81 69 93 85 56 49 49 97 64 68 72 80 

Wet Sedge: 
....... Location 57 22 31 g 17 16 13 14 4 64 21 36 15 
.&:-
\0 Plot within location 0 0 29 0 7 7 0 27 0 8 0 15 15 

Census within plot 43 78 40 91 76 77 87 59 86 28 79 49 70 

Mosaic: 
Location 6 0 17 16 51 0 0 26 2 0 4 0 9 12 
Plot within location 25 30 7 0 7 44 0 0 l 32 6 47 l7 44 
Census within plot 69 61 76 84 42 56 100 74 97 68 90 53 74 44 

Moist Sedge: 
Location 31 21 ll 27 0 0 5 ll 21 36 8 58 
Plot within location 0 30 8 0 18 0 4 44 7 8 14 23 
Census within plot 69 49 81 73 82 100 91 45 72 56 78 19 



Table 48. continued. 

Habitat 
Variance Component 

Moist Sedge-Shrub: 
Location 
Plot within location 
Census within plot 

Tussock: 

Lapland 
longs pur 
R PR 

27 15 
2 12 

7l 73 

Pectoral 
sandpiper 

R PR 

52 48 
15 0 
33 52 

Semi palma ted 
sandpiper 

R PR 

35 2 
34 0 
31 98 

Red-necked 
phalarope 

R PR 

9 14 
14 9 
77 77 

Lesser 
golden-plover 

R PR 

15 3 
0 0 

85 97 

Total 
birds 
R PR 

33 18 
5 16 

62 66 

Total 
species 

R PR 

30 20 
0 30 

70 50 

Location 33 9 19 53 0 25 30 15 29 28 44 28 
Plot within location l 0 22 7 62 21 16 2 14 0 7 0 
Census within plot 69 91 59 40 38 54 54 83 57 72 49 72 

a A component attributed with O% of the total variation reflects computations of a negative variance 
component, and indicates no real evidence of significant variation due to that component relative to the 
other components. Species not observed within a given habitat and season are denoted by hyphens (-). 
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Fig. 11. Densities (birds/km2) of Lapland longspurs and pectoral sandpipers 
on replicate plots in 3 habitats at 3 locations on the coastal plain 
o~ the Arctic National Wildlife Refuge, Alaska, 1985. 
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season-by-location and season-by-habitat interactions reported previously, 
but potentially very complex, difficult to interpret, and cumbersome to 
present because the interactions would incorporate 8 census weeks rather 
than 2 seasons. 

The relative proportions of sampling variation attributable to locations and 
plots within locations varied between bird species, ha bi tats, and seasons 
(Table 48). Location variability may reflect site-specific differences in 
habitat quality that were not delineated by the Landsat classification, such 
as differences in microrelief or food availability. Other possibilities 
include non-uniform breeding or migratory ranges across the study area, or 
the "chance" sampling of random aggregations of a bird population inhabiting 
an unsaturated environment (Wiens 1981). 

The environment surrounding a location or the composition of habitat types 
within a location could also influence avian densities and species 
composition. Distances to major landforms, such as the ocean or mountains, 
or the proximity of critical habitats such as coastal lagoons, tundra 
wetlands, or river systems could strongly affect the suitability of a 
particular area. The locations surveyed by the 1002 project were 
intentionally placed in .<treas with high interspersions of habitat types. 
Sampling protocol was thus facilitated, but it was also biased toward areas 
with inherently more habitat edge and diversity, and extrapolating the 
results across large expanses of homogeneous habitat could introduce serious 
error. 

In Riparian habitat, location was the highest source of variation for 
Lapland longspurs, semi palma ted sandpipers, total birds, and total species 
during the reproductive season (Table 48). Estimating seasonal means for 
these parameters, across the coastal plain, would be best improved by 
sampling more locations. The relative proportion of lesser golden-plover 
variahility was higher among plots within loc.<ttions than between locations, 
in Riparian habitat (Table 48). This contributed to location having an 
insignificant treatment effect, even though the location means appeared 
different (Table 21). Better estimates of lesser golden-plover density in 
Riparian habitat would be achieved by sampling more plots at each location. 

Differences among replicate plots within a location may have resulted for 
reasons similar to those affecting overall location variability: 
differences in habitat physiognomy such as microrelief or small inclusions 
of other habitat types; localized differences in food availa hili ty: the 
character or quality of surrounding habitat (edge effects); or "patchy", 
non-uniform bird distributions at a local scale. Inter-specific competition 
presents another possible factor influencing avian distributions both across 
and within locations. 

Several potential factors that may have affected the variabiljty associated 
with location and study plots within locations have been presented, but 
their actual operative influence in terms of this study remains 
speculative. However, site-specific differences in habitat quality were 
probably an important factor due to limitations of the Landsat habitat 
classification system. High-resolution features of micro-relief, such as 
the degree of polygonization, shrubiness, and pondiness, were not well 
delineated by the habitat classification, yet they probably influenced avian 
distributions (Myers and Pitelka 1980). 
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Table 49. Relative proportions (expressed as percentages) of the total variation attributed to locations and 
plots within locations for several avian nest parameters within each landsat habitat, Arctic National 
Wildlife Refuge, Alaska, l985a. 

Habitat 
Variance Component 

Riparian: 
Location 
Plot within location 

Flooded: 
Location 
Plot within location 

Wet Sedge: 
Location 
Plot within location 

Mosaic: 
Location 
Plot within location 

Moist Sedge: 
Location 
Plot within location 

Moist Sedge-Shrub: 
Location 
Plot within location 

Tussock: 
Location 
Plot within location 

Lapland 
longs pur 

28 
72 

14 
86 

26 
74 

0 
100 

62 
38 

44 
56 

43 
57 

Pectoral 
sandpiper 

10 
90 

67 
33 

45 
55 

0 
100 

0 
100 

78 
22 

6 
94 

Semi palma ted 
sandpiper 

31 
69 

23 
77 

41 
59 

41 
59 

0 
100 

Red-necked 
phalarope 

31 
69 

6 
94 

0 
100 

0 
100 

Lesser 
golden-plover 

0 
100 

32 
68 

0 
100 

0 
100 

36 
64 

27 
73 

Total 
nests 

33 
67 

17 
83 

26 
74 

7 
93 

31 
69 

62 
38 

17 
83 

Total 
species 

40 
60 

32 
68 

ll 
89 

34 
66 

41 
59 

17 
83 

40 
60 

a A component attributed with O% of the total variation reflects computations of a negative variance component, 
and indicates no real evidence of significant variation due to that component relative to the other 
components. Species not observed within a given habitat and season are denoted by hyphens (-). 



Locations were rarely significantly different from one another in terms of 
mean nest densities (see previous sections). In many cases, location means 
appeared to be different, but a large proportion of the variability was 
attributable to study plots within locations (Table 49) and this restricted 
statistical significance. Sampling more replicate study plots would improve 
the estimates of location means, and given a large enough sample size, the 
means would probably be determined statistically different. Using estimates 
of the within-location variation from the 1985 data (Appendix Table IX), the 
number of replications needed to detect a difference between means was 
calculated (Sokal and Rohlf 1981:263). For example, mean total nest density 
varied extensively across locations in all habitat types, but statistical 
differences were only detected in Moist Sedge-Shrub (Table 32). The number 
of replicate plots needed at each location to detect significant (P>0.05) 
differences between the highest and lowest observed locations ( 1985) are 
presented in Table 50. The relatively large number of plots needed in 
Flooded and Mosaic habitats was partially due to the small number of sample 
locations. Analyses concluding insignificant location effects do not imply 
that the true location means were equivalent, but rather, that there was 
insufficient evidence to declare the means statistically different. As 
shown in Table 50, given the same within-location varia bi li ty, location 
differences would have been detected if a greater number of replicate study 
plots had been surveyed (except for Moist Sedge-Shrub habitat). Sample 
sizes needed to detect differences between location means (across any 
magnitude) can be calculated for nest and bird density parameters using the 
error mean squares presented in Appendices VIII and IX, and the 
computational formulas in Sokal and Rohlf (1981:263). 

Conclusions 

Numerous differences in bird and nest densities due to habitat, season, 
year, and location were detected through the use of ANOVA techniques. 
Although Riparian and Flooded habitats consistently had the highest biril 
densities observed during reproductive and post-reproductive seasons, few 
other consistent patterns of habitat use emerged. Variance component 
analyses revealed that, in many instances, variance of bird densities among 
censuses within study plots was often the greatest source of variation 
measured. This emphasized the need for temporal replication of censuses to 
provide more representative measures of bird use. In addition, variation in 
nest densities among replicate plots within a habitat type was typically 
higher than the variation observed among locations. Although no definite 
conclusions could be reached, it was suspected that habitat differences were 
greater among replicates than among locations. Moitoret et al. (1985) 
suggested that other more specific habitat variables (such as microrelief, 
moisture level, size and type of water bodies, height and density of shrubs, 
and interspersion of microhabitats) could be used to better define bird use 
of tundra habitats. In addition, seasonal quantification of local food 
supplies, an important factor in tundra bird distribution (Pitelka et al. 
197 4, Holmes and Pi telka 1968), could potentially result in significant 
understanding of variability observed within habitat types. 

Acknowledgements 

First and foremost, the senior author wishes to acknowledge the dedicated 
efforts of the 1985 tundra bird crews: Okpilak Delta - John Morton, Mamoru 
Matsuki, Paul Obbink, Dr. Robert Loftin; Jago Bitty - Steven Gehman, John 

154 



Table 50. Minimum number of replicate study plots needed at each location to be 90% certain of detecting a 
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a Abbreviations for locations defined in text. 
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Appendix Table I. Julian dates of first observed flowering for plant species found at ei~ht study sites on the 
coastal plain of the Arctic National Wildlife Refu~e, Alaska, 198~. 

Earliest Jai>:O Jap:o Marsh 
Species Date Okpilak Katakturuk Bitty Aichilik Sadlerochit Delta Creek Niguanak 

Eriophorum vaginatum 152 156 158 l'ifi 153 153 152 
Saxifraga oppositifolia (l5?)al53 154 1~8 158 160 156 15~ 153 (152)153 
Thlasoi arcticum l 53 (158) l~'l 
Sali.x lanata 15::1 lfiR 158 lhO lfil 153 153 (110)171 
Salix phleboohylla 153 153 (l'i9)16o 
Anemone parviflora 155 ( lfi7) 158 lfiO lfi4 162 155 (171) 
Ranunculus nivalis 155 l fil (172) Hio HiS l'ifi 156 155 (159)163 
Pedicularis Kanej 156 l'ifi 1'i8 HiS lfio 16o 162 171 lfi9 
Minuartia strjctrt 156 156 
Geum glacj_ale 157 160 163 177 157 
Oxytropis nigreRcens 160 1fi7 lfi7 170 169 160 165 (16fi)l76 
Anemone Richardsonii 161 lfi1 
Salix p1anif"lia 

pu1chra 161 Hio 161 (163)164 
Salix arctica 161 lf>1 (169)176 
Salix glauca 161 (175) 161 
Oxyria digyna (l59)lfi2 ClSoll74 ( 171) 162 171 (172)177 
Arctostaphylos rubra lfi2 1fi4 169 162 
Parrya nudic::tulis lfi7 175 172 170 171 171 173 167 (170)176 
Arctostaphylos uva-ursi 167 167 
Petasites frigidus 1fi7 170 172 168 173 16o 176 167 171 
Lupinus arcticus 168 (178) (172) 175 176 168 (176)183 
.Silene acaulis 169 177 l7o 180 no 186 169 (171ill83 
Cassiope tetragona 169 175 180 175 175 173 169 (171)175 
Lal':otis ~lauca 169 175 17? 17~ 179 171i 178 169 (174)176 
Potentilla uniflora (170) (170) 
Dryas integrifolia 171 174 172 171 171i 172 171 (171)175 
Betula nana 171 175 171 (180)182 
Caltha palustris 172 11s 172 172 173 175 176 (175)l71i 
L1oydia serotina 172 l7o 181 17? 
Androsace chamaejasme 172 (191) 172 
Astra~alus umbe11atus 172 174 172 177 176 182 
Draba caesia 172 ( 177) 172 176 
Oxytropis Maydel1iana (171ll72 18, 186 179 177 172 192 (171)172 
Salix ovalifolia 17? 172 
DrRba nivalis 173 178 173 
Pedicularis Langsdorffii 

arctica lB l8fi 182 173 (176)182 
Draha cine~"'ea 174 174 
Andromeda polifolia 174 180 182 174 178 
Stellaria longipes 174 174 179 (183) 
Stellaria laeta 174 174 194 184 
llraba lactea 175 175 
Draba eutrema Edwardsii (175) (175) 
Draha pilosa 175 175 
Eriophorum angustifolium (171)175 ( 171) 175 
Erioohorum ~"'usseolum 175 175 
Rubus chamaemorus 175 175 l7o 176 177 (175)182 
Hierochloe alpina 175 175 
Carex Bigelo•,Jii (l70)l7'i 175 180 (170)175 
Ledum palustre decumbens 175 175 180 175 177 176 
Senecio atroouroureus 
frigid us 175 175 180 182 183 182 

Hedysarum Mac~enzii 17~ 179 175 185 191 
Salix reticulata 175 (17~) 179 177 181 175 
Sal tx rotundifolia (172)175 (175) ( 172ll77 
Carex aqua til is 176 183 176 
Car ex scirooidea 176 l7fi 
Papaver Macounii 176 ( 177) 180 182 180 176 (176) 079)183 
Polvgonum historta (l75ll71i (175) 180 179 17fi 184 187 (180)183 
Pedicularis capitata (175)176 177 ng l 76 182 178 186 (175)176 
P. sudetica albolabiata 171i (178) 180 176 177 18, (179)182 
Jlraba pseudopilosa 176 176 179 
Minuartia arctica (170)176 175 182 186 187 (170)183 
Polemonium boreale 176 l7fi 179 l 77 179 178 178 
Rhododendron lapponicum 176 179 179 182 176 
Dryas octopetala 177 177 
Oxytropis campestris 177 194 179 177 178 
Potentilla ~yparctica 076)177 (loll 182 177 (176) 
Astragalus a1pinus 177 204 17o 182 177 (180) 
Ranunculus Pallasii 177 184 lDl 177 
Primula horealis 178 181 (178) 178 
Cochlearia officinalis 178 178 (207) 
Papaver lapponicum 179 179 
Papaver alboroseum 179 179 
Erir,eron purpe~"'atus 17o 179 
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Appendix Table I. Continued. 

Earliest Jap;o Jago Marsh 
Species Date Okpilak Katakturuk Bitty Aichilik Sadlerochit Delta Creek Niguanak 

Hedysarum alpinum 179 179 
Ranunculus pedatifidus 

affinis 179 180 179 
Saxifrap;a punctata 

Nelsoniana ( 177)180 (177) 180 182 182 183 (183) 
Cardamine hyperborea 180 (189) 180 18? 
Valeriana capitata lAO 18? 187 182 191 182 194 (190)196 
Saxifraga hieracifolia (180)181 182 189 181 196 ( 180 )182 
Eritrichium aretioides 181 181 
Dodecatheon frip;idum (17fi)l8l 193 182 181 076) 
Boykinia Richardsonii 181 190 181 (190) 
Stellaria Edwardsii 182 182 
Senecio fuscatus (182) (182) 
Saxifraga tricuspidata 182 (l9S) 182 
Castelleja caudata 18? 186 18? 181i 191 199 
Pedicularis verticillata 182 194 182 
Parnassia kotzebuei 182 182 
Pyrola p;randiflora 182 187 182 186 192 190 
Senecio yukonensis (172)182 182 182 (172) 
Calamav,rostis inexpansa 182 182 
Vaccinium uliginosum (179)183 190 079)183 
Corydalis pauciflora (183) ( 183) 
Senecio lugens 183 183 
Saxifra~a hirculus 184 184 194 197 19'5 184 (187)189 
Taraxacum ceratophorum 184 184 188 
Melandrium apetalum 184 191 181i 184 (191) (190)191 
Pedicularis labradorica 184 184 18fi 
Stella ria monantha (18'5) (18'5) 
Taraxacum lacerum 185 185 
Artemisia arctica comata 18'5 18h 185 
Astrap;alus aboriginum 186 186 
Carex misanctra (186) (185) 
Luzula confusa (186) (186) 
Crepis nana 186 186 187 
Arabis lyrata kamchatica 186 186 
Minuartia rossii 186 186 
Tofie1dia pusilla 186 186 (197) 
Saxifraga reflexa 186 186 
Epilobium 1atifolium 186 194 186 18~ 195 198 (204) 
Arnica alpina angustifolia 186 186 190 
Erigeron eriocephalus 186 186 188 199 
Artemisia furcata 187 187 
Rumex arcticus 187 187 
Senecio conterminus 187 187 
Potenti1la biflora (182)189 194 191 ( 182)189 
Ranunculus Gmelini 189 (204) 189 
Chrysanthemum inte~rifo1ium 189 189 
Oxytropis borealis 190 194 HO 178 
Vaccinium vitus-idaea 190 190 ( 195) 
Po1emonium acutiflorum (18"1)190 (18'1) 190 
Saxifra~a cernua (184)190 190 194 (184) 
Senecio congestus 191 191 
Eri~eron humilis (190)191 191 (190) 
Cardamine bellidifolia (192) (192) 
Taraxacum a1askanum 193 193 
Po1ygonum viviparum 193 219 193 
Senecio resedifolius (183)194 194 ( 183) 
Myosotis a1pestris (194) (194) 
Sedum rosea (194) (194) (200) 
Aconitum delphinifo1ium 194 (202) 194 194 194 (194) 
Saussurea angustifolia 194 217 194 (215)217 
Campanula lasiocarpa 195 195 
Aster sihericus 195 195 (200) 
Potentilla fruticosa 195 19'i 
Cardamine pratensis (201) (201) 
Saxifra~a caespitosa (202) (202) 
Saxifraga exi1js (202) (202) 
Delphinium brachycentrum 203 219 203 
Saxifra~a bronchialis 

funstonii 204 204 
Delphinium spp. (204) (204) 
Potentil1a palustris 219 219 
Saxifraga rivularis (221) (221) 
Achillea borealis 221 221 
Saussurea viscida 

yukonenis 224 224 

8 Dates in parenthe~es were for plants first or onlv observed flower in~ off bird study plots. 
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Appendix Table II. 

Location Year 

Okpilak 

MeaD densities (birds/l<m 2) and mean number of species 
(specie;;/O.lkm2)" of birds observed on 10 loa study 
plots during the reproductive season in different habitats 
on the coastal plain of the Arctic Natio~al Wildlife 
Refuge, Alaska, 1982-198~, sorted by location and year. 

Habitat 

Species 

II Flooded 

Total birds 
Total species (l7)b 
Red-throated loon 
Pacific loon 
Northern pintail 
Oldsouaw 
Whimbrel 
Semipalmaterl sandpiper 
Pectoral sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Parasitic jaeger 
Long-tailed jaeger 
Herring gull 
Glaucous p;ull 
Arctic tern 
Snowy owl 
Lapland longspur 

Total birds 
Total species (17) 
Red-throated loon 
Pacific loon 
Brant 
Northern pintail 
Oldsquaw 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Stilt sandpiper 
Long-hilled dowitcher 
Red-necked phalarope 
Red phRlarope 
Parasitic jaeger 
Long-tailed jaeger 
Glaucous gull 
Short-eared owl 
Lapland longspur 

Total birds 
Total species (22) 
Red-throated loon 
Pacific loon 
Brant 
Canada goose 
Northern pint8il 
Spectacled eider 
Old squaw 
Rock ptarmigan 
Lesser golden-plover 
Semipalmated sandoiper 
Pectoral sandpiper 

163 

SRmple Size 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
r;:> 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

1"> 
l'i 
l"i 
l"i 
15 
15 
15 
15 
l'i 
l"i 
l"i 
15 
15 

Mean .:': S.D. 

~0.92 

7.0il 
0.58 
0.7S 
o.so 
0.92 
O.'i8 
0.42 
8.17 
l. 42 
7.17 
3.8~ 
0.42 
0.7S 
0.08 
2.42 
0.17 
0.17 
2.00 

12.83 
8.17 
l.l7 
0.~3 

0.25 
Ll7 
l. 2'i 
o. 17 
0.67 
8.42 
0.08 
2.42 
2.<;8 
2.<;8 
0.67 
0.08 
'i.50 
0.08 
<;.42 

47.93 
9.47 
0.47 
0.~~ 

2.60 
0.~3 

l. 53 
0.60 
0.60 
0.07 
0.20 
l. 33 

12.60 

19.28 
l. 78 
0.79 
l.llj 
1. 73 
0.90 
2.0? 
l.OO 
7.98 
l.R8 
<;.89 
4.81) 
o.fi7 
2.'10 
0.29 
'1.85 
0.58 
0.39 
l. 41 

1 ~. 29 
2.48 
l.ll 
0.6<; 
0.62 
l.9'i 
l.l'iO 
0.39 
0.08 
">.28 
0.2q 
2. 7l 
2.84 
2.43 
0.89 
0.29 
7.4? 
0.29 
4.'i4 

27.07 
2.'i9 
0.64 
0.62 
').10 
O.fi2 
2.47 
1.06 
0.91 
0.211 
0.41 
2.02 
9.08 



Appendix Table [I. Continued. 

Habitat 

Location Year SoeciPs Sample Size Mean S.D. 

If Flooded Continued. l Okpil ak 1985 Stilt sandpioRr 110 l. 07 l. ')3 
Long-billed dowitcher 15 ]. 20 l .• 57 ~ 

Red-necked phalarope 15 0.27 10.32 
Red phalarooe 15 4.5:) 5. R7 
Pomarine jReger 15 o.s~ J .01\ 
Parasitic jaeger l'i O.fiO 0.8~ 

Long-tailed jaegRr 15 o.n 0.52 
Glaucous gull 15 2.Fl7 2.92 
Common raven l'i 0.07 0.26 
Lao land longs pur 15 7.no l. 92 
Redpoll spo. 15 o.n 0.5? 

Jago Delta 1984 Total birds 15 18.o~ 6.l'i 
Total species (14) l'i 5.~3 l. 50 
Common eider 15 0.07 0.26 
Old squaw l'i 0.13 0.52 
Black-bellied plover l'i 0.07 0.21\ 
Lesser >;olden-plover 15 J. 00 0.9:) 
Semi palma ted sandpiper 15 0.47 0.83 
Pectoral sandpioer 15 ').20 2.76 
Dunlin l'i o.n 0.52 
Stilt sandpioer l'i l.B l. 51 
Long-billed dowitcher 110 0.47 0.02 
Red-necl<ed phalarope l'i O.'i3 0.99 
Red phalRrope l'i 1. r;o l. 45 
Parasitic jaeger 15 o.u 0.~5 

Long-tailed jaep;er 15 0.20 O.'ili 
Lapland longs our 15 7.80 4. lfi 

loBS Total l:>irds 15 26.00 8.24 
TotRl species ( 17) 15 A.80 l. 82 
Northern ointail 15 0.40 1.12 
King eider 1'5 0.33 0.90 
Oldsquaw l') 0.20 o.sli 
Rock ptarmip;Rn 15 0.40 0.74 
Black-bellied plover 15 0.20 0.511 
Lesser golden-plover l'i 0.07 0.26 
Semi palma ted sandpiper 15 l. 33 l. 40 
Pectoral sandpiper l'i 6.80 3.36 
Stilt sandpioer 15 1.07 l. 44 
Buff-breasted sandpiper 15 0.47 0.92 
Long-billed dowitcher 1'3 2.47 4.31 
Red-necked phalarooe 1'3 0.53 0.92 
Red phalarope l'i l. 93 l. 44 
Pomarine jaep;er l'i o.n 0.88 
Parasitic jaeger 15 0.60 0.83 
Long-tailed jReger 15 0.07 0.2fi 
Lapland longs pur l'i 8.40 2.69 

Niguanak 198'3 Total birds 1'3 36.80 10.4~ 
Total spRcies (18) 15 8.87 2.4'5 
Petcific loon 15 0.13 0.'32 
Tundra swan 15 o.n 0.35 
Northern pi.ntRil 15 0.3~ 0.72 
King Rider 15 0.07 0.26 
OldsquaH l'i 2.47 l. 64 
Rock ptarmigan l'i 0.60 0.83 
Lesser golden-plover l'i 2.07 2.02 
Semipalmated sandpiper l') 0.87 l.H 
Pectoral sandpiper l'i 7.fio 3.11 
Stilt sandpiper l'J l. 87 1.73 
Buff-breRsted sandpiper 15 0.07 0.2fi 
Long-billRd dowitcher 15 l. 67 2.09 
Red-necked phalarope 15 7. 73 5.42 
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Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean 
=-

S.D. 

II Flooded Continued. 

Nip;uanak l98'i Red phal8rope l'i 0.80 l.l'i 
Pomnrine j8ep;er 15 ?,·p 1.18 
Glaucous gull l'i 0.01 0.26 
Arctic tern 15 0.01 0.2fi 
Lao land longs pur lS 7.93 ?,.F.7 

III Wet Sedge 

Okpilak 1982 Total birds 12 lS.OO 7.99 
Total soecies (U) 12 4.0il l.fi2 
King eider 12 0.17 0.58 
Oldsouaw 12 o.o8 0.29 
Sandhill crane 12 0.2') 0.87 
Pectoral sandpiper 12 ?,.17 3-33 
Buff-breasted sandpiper 12 0.17 0.58 
Long-billed dowitcher 12 0.67 l. 37 
Red-necked ohalarone 12 0.92 0.90 
Red phalarope 12 0.25 O.fi2 
Parasitic jae~>;er 12 0.42 0.67 
Long-tailed jaeger 12 0.')0 0.80 
Snowy owl 12 0.17 0.58 
Short eared 0\<Jl 12 0.17 o.:N 
Lapland lonp;spur 12 8.08 4.01 

Okpilak 1983 Total birds 12 20. :n 6.39 
Total species (ll) l? 4.08 l. 31 
Northern ointail 12 0.17 0.19 
Lesser p;olden-plover 12 0.17 o.·N 
Pectoral sandpiper 12 6.7'5 3.91 
Stilt sandpiper 12 0.08 0.29 
Long-billed dowitcher 12 l. '50 2.91 
Red-necked phalarope 12 0.92 l.lfi 
Red phalarope 12 0.08 0.29 
Pomarine jaeger 12 0.08 0.29 
Parasitic jaep;er 12 0.33 0.49 
Lonp;-tailed jaeger 12 0.17 0.39 
Lapland longs pur 12 10.08 2.15 

1985 Total birds l'i lfi.'i3 8.16 
Total species (12) l'i 3-67 1.15 
Northern pintail l'i 0.13 0.52 
Rock ptarmigan l'i 0.33 0.72 
Lesser golden-plover 15 0.07 0.26 
Semipalmated sandpiper 15 0.07 0.26 
Pectoral sandpiper l'i 2.27 2.87 
Stilt sandpiper l'i o.n 0.35 
Long-hilled dowitcher 1'5 0.60 0.99 
Red-necked phalarope 15 0.80 l. 01 
Pomarine jaeger 15 0.47 o. 74 
Long-tailed jaeger l'i 0.?,3 0.72 
Snowy owl l'i 0.07 0.21i 
Lapland longspur l'i ll. 40 'i.OO 

Katakturuk 1983 Total birds 4 10.00 3.92 
Total species ('i) 4 2.75 O.of) 
Lesser golden-nlover 4 0.2'i O.'iO 
Pectoral sandpiper 4 1.75 o. 96 
Lon~~;-tailed j8eger 4 1.00 2.00 
Lapland lonp;spur 4 fi.25 2.22 
Redpoll spp. 4 0.7') 1.50 
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Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean ~ S.D. 

III Wet Sedge Continued. 

Katakturuk 1985 Total birds s 12.20 '). 8J 
Total species (li) 'i 3.00 1. 00 
Rock ptarmigan s 0.20 0.4') 
Semipalmated sandpiper 'i 0.40 0.89 
Pectoral sctndpiper 'i 1.20 0.45 
Long-tailed jaeger 'i l. 40 1. 52 
Lapland longspur 5 8.80 ').81 
Redpoll spp. s 0.20 0.4') 

Jago Bitty 1983 Total birds 12 12.08 4.96 
Total species (8) 12 2.rn 1.10 
Rock ptarmigan 12 0.08 0.29 
Lesser golden-plover 12 0.2'1 0.1')2 
Pectoral sandpiper 12 li.42 4.'i6 
Stilt sandpiper 12 0.08 0.20 
Red necked phalarope 12 0.17 0.39 
Parasitic jaeger 1;2 0.50 0.80 
Savannah sparrow 12 0.42 1.00 
Lapland long spur 12 4.17 2.98 

1985 Total birds l'i l9.U S.69 
Total species (17) l'i 6.60 1. 88 
Northern pintail lS 0.07 0.21i· 
Oldsauaw l'i 0.13 0.'12 
Willow ptarmigan l'i 1.07 l.O'l 
Rock ptarmigan l'i 2.33 ).1) 

Lesser golden-plover l'i 0.13 0.3'i 
Semipalmated sandpiper l'i 0.20 o.51i 
Pectoral sandpiper l'i 4.80 2. 31 
Stilt sandpiper l'i l. 00 1.00 
Long-hilled dowitcher l'i 0.20 0.41 
Red-necked phalarope 1'5 O.fi7 o.on 
Pomarine jae11;er 15 0.07 0.26 
Parasitic jaeger l'i 0.47 0.74 
Long-tailed jaeger 15 1.13 1. 30 
Short-eared owl l'i 0.1) 0.)'5 
Savannah sparrow l'i 0.47 0.64 
Lapland longspur 1'5 6.13 3.11 
Redpoll spp. 1'5 0.1) 0.52 

Aichili'< 1984 Total birds l'i 9.fi0 5. 72 
Total species (7) 15 2.87 1. 30 
Rock ptarmigan 15 0.20 0.'56 
Lesser golden-plover l'i 0.33 o.li2 
Pectora) sandpiper 15 1. 80 1. 86 
Pomari.ne jaeger l'i 0.33 1.20 
Long-tailed jaep;er l'i 1.1) 1. no 
Lapland longs pur 15 5.47 4.03 
Redpoll spp. 15 0.27 0.80 

1985 Total birds ]') 9.47 4.n 
Total species (1)) l'i 3.93 l. 75 
Northern pintail 15 0.07 o.2A 
Gyrfalcon l'i 0.07 0.26 
Willow ptarmigan l'i 0.13 0.3'i 
Rock ptarmigan l'i o.n 1. 28 
Lesser golden-plover l'i 0.07 0.2!) 
Pectoral sandpiper l'i 2.13 1. liO 
Stilt sctndpiper l'i 0.27 0.59 
Buff -breasted sandpiper l'i 0.07 0.2h 
Pomarine jae~;er l'i 0.40 0.'51 
Parasitic jctep;er 1'i 0.13 0.3'> 
Long-tailed jaeger 1'5 0.87 0.92 
Lapland longspur 15 4.40 1. 84 
Redpoll spp. 15 0.13 0.52 

166 



Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean .:': S.D. 

III Wet Sedrse Continued. 

Sadlerochit 1984 Total birds l'i 21.07 7.9'i 
Total species ( 9) 15 4.40 1.12 
Northern pintail 15 0.07 0.21i 
Old squaw l'i 0.07 0.26 
Semipalm~ted sandpiper l'i 0.27 0.41) 
Pectoral s~ndpi"per l'i ').47 6.7fi 
Lonrs-billed dowitcher lS 0.73 0.70 
Red-necl<ed phalarope l"i 0.01 l. 28 
Parasitic jaeerser l'i 0.93 0.88 
Savannah sparrow 15 2.20 2.18 
Lapland longs pur lS 10.40 S.78 

1985 Total birds l'i 40.07 ll. 04 
Total species (15) l'i fi.87 l.B 
Red-throated loon l'i o.n 0.52 
Northern pintail 15 0.27 0.59 
Oldsquaw l'i 0.53 0.83 
Rock ptarmigan l'i 0.20 0.41 
Lesser golden-plover 15 0.20 O.'ifi 
Semipalmated sandpiper 15 l. 93 2.84 
Pectoral sandpiper 15 8.93 6.13 
Long-hilled dowitcher 15 0.67 0.82 
Red-necked phalarope l'i l. 93 2.46 
Pomarine jaeger 15 0.13 0.35 
Parasitic jaeger l'i l. 33 l.ll 
Lon~>;- tailed jaeger l'i 0.40 O.'il 
Savannah sp~rrow l'i 5.33 4.0fi 
Lapland longspur l'i l7 .93 'i.7'i 
Redpoll spp. l'i 0.13 0.')2 

Jago Delta 1984 Total birds 15 lf'i. 40 10.49 
Total species (7) l'i 2.1io 1.40 
Lesser golden-ploveer 15 0.27 0.70 
Semi palma teed sandpiper 15 1.07 1.10 
Pectoral sand pi peer 15 1.00 1. 46 
Stilt sandpiper l'i o.:B O.li2 
Buff-breasted sandpiper 15 0.13 0.52 
Long-taileed jaeger l'i 0.07 0.26 
Lapland lon[(spur l'i P.53 8.1i3 

198') Total birds 15 n.n 6.37 
Total species (10) l'i 3.80 l. 6J 
Rock ptarmigan l'i 0.07 0.26 
Lesser golden-plover l'i 0. 73 1.10 
Semipalmated sandpiper 15 0.33 0.62 
Pectoral sandpiper l'i 1.87 2.23 
Buff-breasted sandpiper l'i ?.00 2.00 
Red-necked phalarope 15 0.20 0. 77 
Pom~rine jaeger l'i l. 00 l. 46 
Parasitic jaeger lS 0.33 0.49 
Long-tailed jaeger l'i 0.13 0.3'i 
Lapland longs pur l'i fi.47 2.20 

Niguanak 1985 Total birds lS l7 .20 fi.28 
Total species (13) l'i 5.20 2.11 
King eidPr l'i 0.07 0.2fi 
Oldsauaw l'i 0.07 0.2fi 
Rock otarmigan 15 n.1n l. Oli 
Lesser golden-olover l'i 1.07 1.10 
Semipalmaterl sandpiper l'i O.'i3 O,og 
Pector'll s'lndpiper l'i 2.80 l. 'i7 
Stilt sandpiper l'i 0.67 o.go 
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Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean .:!: S.D. 

III Wet Sedge Continued. 

Niguanak 1985 Long-billed dowitcher 15 0.27 0.59 
Red-necked phalarope 15 0.60 1.12 
Pomarine jaeger 15 l. 80 1.08 
Parasitic jaeger 1') 0.20 0. 77 
Short eared owl 1'5 0.40 0.83 
Lapland longs pur 1'5 8.27 3. 7l 

IV Moist Serlge 

Katakturuk 1982 Total birds 5 7.20 4.15 
Total species ( 8) 'i 3.40 l. 95 
Rough-legged hawk 5 0.20 0.4'5 
Rock ptarmigan 5 0.60 0.89 
PE>ctoral sandpiper ') 0.20 0.4'5 
Parasitic jaeger 5 0.80 0.84 
Long-tailed jaeger 'l O.fiO 0.55 
Short eared owl 5 0.20 0.45 
Lapland longspur 'l 4.20 2.fi8 
Redpoll spp. 5 0.40 0.5'5 

1983 Total birds 8 7.13 6.88 
Total species ( 4) 8 2.2') 1.28 
Lesser golden-plover 8 0.88 0.83 
Semipalmated sandpiper 8 0.50 0.76 
Long-tailP.d jaeger 8 0.50 0.76 
Lapland longs pur 8 5.25 5.47 

1985 Total birds 10 9.00 5.94 
Tot"'l species (7) 10 2.10 0.99 
Rock ptarmigan 10 0.20 0.42 
Lesser golden-plover 10 o.lio l. 07 
Ruddy turnstone 10 0.10 0.32 
Pectoral sandpiper 10 0.10 0.32 
Parasitic jaeger 10 0.20 0.61 
Long-tAiled jaeger 10 0.40 0.70 
Lapland longspur 10 7.40 4.93 

Jago Bitty 1983 Total birds 12 11.00 5.31 
Total species (9) 12 2.'50 O.fi7 
Lesser golden-plover 12 0.83 l. l4 
Pectoral sandpiper 12 1.00 1.28 
Pomarine jaP.ger 12 0.08 0.29 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.42 0.79 
Short eared owl 12 0.08 0.29 
Savannah sparrow 12 0.08 0.29 
Lapland longs pur 12 8.33 4.25 
Redpoll spP. 12 0.08 0.29 

1985 Total birds 15 n.n 5.04 
Total species (ll) 15 3.80 1.1'5 
Willow ptarmigan 15 0.33 0.6? 
Roc I< ptarmigan 1'5 1.07 l. 28 
Lesser golden-plover lS l. 00 l. 07 
Semipalmated sandPiper lS 0.07 0.26 
Pectoral sandpiper 15 0.40 O.fi3 
Buff -breasted sandPiper 15 0.33 0.6? 
Parasitic jae11;er 15 0.07 0.26 
Long-tailed jae11;er 1'5 0.93 l. fi2 
Savannah sparrow lS 0.07 0.2fi 
Lapland longs pur lS 8.53 2.92 
Redpoll spP. lS 0.33 O.fi2 
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Appendix Tahle 11. ContinuPrl. 

Habitat 

Location Year Species Sample Size Mean .:': S.D . 

IV Moist Sedge Continued. 

1\ichilik 1984 Total birds 15 10.93 7.6F. 
Total species (12) lS '1.'53 l. 41 
Rock ptarmigan l'i 0.53 o. 74 
Lesser golden-plover lS 1. 00 0.93 
Whimbrel lS 0.27 1.03 
Pectoral sandpiper l') 0.27 0.41) 
Buff-breasted sandpiper lS O.l3 0.3S 
Pomarine jaeger lS 0.13 0.35 
Parasitic jaeger l'i 0.07 0.26 
Long-tailed jaeger lS 1. 47 l. fiO 
Glaucous gull lS 0.07 0.2fi 
Common raven l'i 0.07 0.26 
Lapland longs pur l'i 6.80 6.17 
Redpoll spp. l'; o.n O.'i2 

198'i Total birds l'i fi.93 4.2;:> 
Total species (11) l'i 2.fi7 1. S4 
Rock ptarmigan 15 0.60 1.80 
Lesser golden-plover l'i 0.40 0.6'1 
Whimbrel l'i 0.27 1.03 
Pectoral sandpiper l'i 0.07 0.26 
Buff-breasted sandpiper lS 0 .S::l l.l'l 
Long-billed dm<i tcher l'i 0.13 0.')2 
Pomarine jaeger lS 0.33 0.8;:> 
Long-tailed jaeger 15 0.40 0.')1 
Glaucous gull l'i 0.07 0.2fi 
Lapland longs pur 15 3.80 2.43 
Redpoll spp. l'J 0.20 0.77 

Marsh Creek 1985 Total birds l'i 7.20 4.66 
Total species ( 10) 15 2.80 1.90 
Willow ptarmigan 1'5 0.33 O.fi2 
Rock ptarmigan l'i 0.47 0.64 
Lesser golden-plover 1'5 0.27 0.80 
Semipalmated sandpiper 15 0.13 0.3'3 
Pomarine jaeger l'i 0.07 0.26 
Parasitic jaev,er l'i 0.20 0.41 
Long-tailPd jaeger ]-') o.n 0.35 
Savannah sparrow l'i o.8o 1. 37 
Lapland longs pur l'i 4.33 2.89 
Redpoll spp. lS 0.47 J.n 

IVa Mosaic 

Okpilak 1982 Total birds lfi 23.62 8.77 
Total spec iPs (17) Hi 5.63 2.1'3 
Northern pintail 16 0.19 0.7'i 
Old squaw Hi 0.38 1. 09 
Rock ptarmigan 16 o. 31 O.fiO 
Lesser golden-plover 16 0.69 0.87 
Semipalmated sandpiper 15 0.88 0.9fi 
Pectoral sandpiper lfi 4.50 2.97 
Buff -breasted sandpiper Hi l. 44 3.42 
Long-billed dowitcher 16 0.63 1. 54 
Red-necked phalarope 16 1.63 2.83 
Red phalarope 16 0.81 1.22 
Pomarine jaeger l'i 0.50 1.10 
Parasitic jaeger 16 0.31 0.79 
Long-t:'liled jaeger Hi 0.38 0.81 
Glaucous gull 16 o.n 0.34 
Snowy owl l'i O.Ofi 0.2') 
Short-eared owl 16 0.06 0.2') 
Lapland longs pur 16 11.31 3.3Fi 
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Aopendix Table II. Continued. 

Hahitat 

Location Year Species Sample Size Me;m ~ S.D. 

IVa Mosaic Continued. 

Okpilak 1981 Total birds Hi 21i.<,7 7.flfl 
Total soecies (14) lfi 5.06 l. p, 
Northern pintail lfi l. 19 2.17 
Dldsquaw lli 0.25 0.58 
Lesser golden-plover 16 o.:n 0.48 
Semipalmated sandpiper Hi 0.38 O.'iO 
Pectoral sandpiper ]_I) fi.'ifi 3.29 
Stilt .sandpiper 16 0.19 0.54 
Long-billed dowitcher lli 0.51i 0.73 
Red-necked phalarope 16 0.75 l.li 
Red phalarope lS 0.25 0.77 
Pomarine jaeger 16 0.06 0.25 
Parasitic jae~Ser 15 0.25 0.45 
Long-tailed jaeger 16 0. 75 l. 18 
Glaucous gull 16 0.06 0.2'i 
Lapland lon<;spur 16 14.81 5.04 

1985 Total birds 20 .20.70 8.75 
Total species (16) 20 4.55 l. 76 
Northern pintilil 20 0.15 0.49 
Oldsquaw 20 0.45 l. 23 
Rock ptarmigan 20 0.20 0.41 
Lesser golden-plover 20 0.55 O.li9 
Semi palma ted sandpioer 20 0.50 0.9'i 
Pectoral sandpiper 20 .?.2'i 2.77 
Stilt sandpiper 20 0.5'i 0.89 
Long-billed dowitcher 20 0.40 1.23 
Red-necked phalarope 20 0.75 1..0.? 
Pomarine jaeg;er 20 0.2') O.'i'i 
Parasitic jaeger 20 O.O'l 0.2.? 
LonP:-tai1ed jaeger 20 0.30 0.57 
Glaucous gull 20 0.05 0 • .?.? 
Short-eared oorl 20 0.05 0 . .?2 
Lapland longspur .?0 13.90 5.88 
Redpoll spp. 20 0.20 0.62 

Sadlerochit 1984 Total hirds l'i 30-31 10.91 
Total species (14) 15 6.40 l. 45 
Northern pint,il 15 0.67 1.11 
Oldsqwow 15 0.20 0.55 
Rock ptarmigan l'i 0.33 0.72 
Lesser <;olden-plover 15 l. 53 1.73 
Semipalmated sandpiper 15 3 . .?0 2.01 
Pectoral sandpiper 15 4.87 2.95 
Long-billed dowitcher 15 1.00 l. 31 
Red-necl<ed phalarope 15 0.80 0.94 
Pomarine jaeger 15 0.40 0.91 
Parasitic jaeger 15 0.27 0.46 
Long-tailed jaeger 15 0.33 O.li2 
Savannah sparrow 15 o.n 0.35 
Lapland longs our 15 15.73 5.7'3 
Redpoll spp. 15 0.80 l. 78 

1985 Total birds 15 26.20 8.27 
Total species (18) l'i 5.53 l.'i'i 
Northern pintail 15 0.07 0.26 
Oldsquaw 15 0.13 0.52 
Northern harrier 15 0.07 0.2fi 
Golden eagle 15 0.07 0.26 
Rock ptarmigan 15 0.33 0.62 
Lesser golden-plover 15 o.fio 0.74 
Ruddy turnstone 15 0.13 0.52 
Semi pal mated sandpiper 15 3-13 2.20 
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Aopendix Table II. Cont inuPrl. 

Habitat 

Location Year Spf'Cif'S Sample Sizf' Mean .! S.D. 

IVa Mosaic Continued. 

Sadlerochit 1085 Pectoral sandpiper l'i 2.27 2.02 
Long-hilled dowitcher l'i 0.~7 l.ll 
Red-necked nhill!lrope l'i 0.47 0.74 
Red ohillarope l'i 0.07 0.2fi 
Pomarine jaer:er l'i 0.40 0.74 
Parasitic jaeger l'i o. :n 0.40 
Long- til Heel j<'leger l'i 0.'33 0.62 
Sabine's gull l'i 0.07 0.2fi 
Short eilred owl l'i 0.07 0.2fi 
Lapland longs pur l'i 17.00 8.02 

,Jago Delta 1084 Total birds 15 31.40 12.71 
Total soecies (l'i) l'i 4.73 l. fi7 
Northern pintail 15 0.13 0.62 
Oldsquaw 15 0.40 0.01 
Rock ptarmigan l'i 0.20 o.sn 
Lesser golden-plover l'i 0.'3'3 0.62 
Semi palma ted sandpioer 1'5 l. 73 l. 91 
Pectoral sandpiper l'i 6.67 4.04 
Stilt sandpiper l'i 0.07 0.26 
Long-billed dowitcher l'i 0.20 0.41 
Red-necked phalarope 15 0.60 0.74 
Red phalarope l'i 0.?7 0.80 
Parasitic jaeger l'i 0.27 1.03 
Long-tailed jaeger l'i 0.27 0.80 
Glaucous g;ull l'i 0.13 0.52 
Lapland longs pur 1'5 1o. 73 7.82 
Redpoll spp. l'i 0.27 l. 01 

1985 Total birds l'i 23.93 7.03 
Total soecies ( lfi) 15 F..07 l. 70 
Northern pintail 1'5 0.67 l.ll 
King etrler l'i o.n O.'i2 
Oldsquaw l'i o.flo l. 26 
Rock ptarmigan l'i 1.03 3.2? 
Lesser golden-plover l'i 0.93 0.80 
Semipalmated sandpiper l'i 0.40 0.63 
Pectoral sandoiper l'i 4.60 2.32 
Dun lin 15 0.07 0.26 
Buff -breasted sandpi~oer 16 0.27 O.'iO 
Long-billed dowitcher 15 0.33 l. ?0 
Red-necked phalarope l'i 0.67 0.82 
Red phalarope 15 0.27 0.70 
Pomarine jaeger 15 0.91 l. 28 
Parasitic jaeger l'i 0.07 0.26 
Long-tailed jaeg;er l'i 0.47 0.83 
Lapland longs pur l'i 10.93 5.59 

V Moist Sedge-Shrub 

Ol<pilak 1082 Total birds 4 lfi.'iO 8.27 
Total species (8) 4 3.25 l. 71 
Northern pintail I< 0.25 0.50 
Willm-1 ptRrmig;m 4 0.2') O.'iO 
Roc I< ptarmigan 4 0.25 0.50 
Pectoral sandoiper 4 2.2') 3.8F, 
Red-necked phalarOPE' 4 2.75 5.50 
Pomarine jaeger> 4 O.'iO l. 00 
Long-tRiled jaeger 4 0.50 0.')8 
Lapland longs pur 4 9.75 4.02 
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Apoendix Table II. ContinuRrl. 

Habitat 

Location Year Species Sample Size Mean .:!: S.D. 

V Moist SRd!>:e-Shruh Continued. 

Okpilal< 1Q83 Total birds ll 17.'i0 8.47 
Total species (8) 8 3.50 1.20 
Northern ointail 8 0.13 0.35 
Lesser golden-olover 8 0.75 0.89 
Pectoral sandpiper 8 ;:>.so 1. 41 
Long-hilled dowitcher 8 o.n 0.35 
Red-necked phalarope fl 0.13 0.3'i 
Pomarine jaeger 8 0.13 0.35 
Long-tailed jaeger 8 1.13 1. 4fi 
Lapland longspur 8 12.62 9.24 

1985 Total birds 10 18.00 4. 32 
Total species (9) 10 3.30 l. 42 
Northern pintail 10 0.20 o.fi3 
Willow ptarmigan 10 0.40 0.70 
Rock ptarmigan 10 0.30 0.48 
Lesser golden-plover 10 0.50 0.8') 
Pectoral sandpiper 10 0.70 0.82 
Pomarine jaeger 10 0.'50 0.97 
Parasitic jaep;er 10 0.40 0.70 
Long-tailed jaep;er 10 0.30 0.67 
Lapland lonp;spur 10 14.20 3.05 

Katakturuk 1982 Total hi.rds 3 16. :n 8.74 
Total soecies (8) 3 5.33 1. 53 
Roup;h legged hawk 3 0.33 0.58 
Rock ptarmigan 3 0.67 1.1') 
Semipalmated sandpiper 3 5.33 2.52 
Red-necked phalarope 'l 0.33 O.'ifl 
Short-eared owl ' 1.00 1. 00 
Yellow wagtail 3 O.fi7 0.58 
Savannah sparrow 3 1. 67 0.58 
Lapland lonp;spur 3 fi.33 4.')1 

1983 Total birds 12 10.17 4.6l 
Total species (12) 12 3.'J3 1.15 
Willow ptarmigan 12 0.08 0.29 
Rock ptarmigan 12 0.2') 0.4') 
Lesser golden-plover 12 0.FJ7 l. 23 
Semipalmated sandpiper 12 0.58 0.79 
Pectoral sandpiper 12 1. 50 1. 31 
Parasitic jaeger 12 0.08 0.29 
Long-tailP.d jaeger 12 0.25 0.45 
Short-eared owl 12 0.08 0.29 
Savannah sparrow 12 O.fi7 1.23 
Lapland lonp;spur 12 ').7'i 3.82 
Smith's lonr;spur 12 0.08 0.29 
Redooll spp. 12 0.17 0.58 

1985 Total birds 1') J.?. 73 4Ji4 
Total species (15) 15 4.33 l.ll 
Northern ointail 15 o.n 0.3') 
Willow ptarmigan l'l 0. 93 1.39 
Rock ptarmigan 15 0.80 0.54 
Lesser golden-plover l'i 0.40 0.63 
Semipalmated sandoioer 1'5 0.47 0.92 
Pectoral sandpiper 15 o.n l. 03 
Buff -breasted sandpiper 15 0.27 0.41) 
Long-hilled dowitcher 15 0.07 0.21i 
Red-necked ohalaropR l'i 0.27 0.45 
Pomarine .iaeger 15 0.07 0.2fi 
Parasitic jae>sRr l'i 0.07 0.2h 
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Appendix Table II. ContinuArl. 

Habitat 

Location Year SpeciAs Sample Size Mean ~ S.D. 

V Moist Sedge-Shrub Continued. 

Katakturuk 1982 Long-tailed jaeger 1') 0.27 0.'19 
Yello'" wagtilil l'i 0.07 0.2fi 
Savannah sparrow 1') o.8o l. fiJ 
Lapland long spur 1') 7.40 3.9fi 

Jap;o Bitty 1983 Total birds 12 18.92 6.92 
Total species (10) 12 'i.OO l. 41 
Oldgquaw 12 0.08 0.29 
Willow ptarmigan 12 1.00 0.85 
Lesser golden-plover 12 O.fi7 1.07 
SemiPalmated sandpiper 12 2.00 2.13 
Pectoral sandpiper 12 2.33 2.0fi 
Red-necked phalarope 12 0.58 1.24 
Parasitic jaeger 12 0.33 0.89 
Long-tailed jaeger 12 0.42 0.79 
Savannah sparrow 12 l. 67 1.83 
Lapland longspur 12 9.50 3.73 

1985 Total birds 15 19.80 4.39 
Total species (17) 1') 5.87 l. 36 
Northern pintail 15 0.07 0.26 
Oldsquaw l'i 0.07 0.26 
Willow ptarmigan 15 1.93 l. 49 
Rock ptarmigan 15 0.87 1.13 
Lesser golden-plover 15 0.53 0.74 
Semipalmated plover 15 0.07 0.26 
Semipalmated sandpiper 15 2.13 2.42 
Pectoral sandpiper 15 o.n7 1.11 
Red-necked phalarope 15 0.93 1. 53 
Pomarine jae12;er 15 0.87 1.92 
Parasitic jaeger 15 0.47 0.74 
Long-tailed jaeger 15 OS~ 0.99 
Glaucous gull l'i 0.13 0.52 
YelloH wagtail l') 0.13 0.35 
Savannah sparrow l'i 0.73 O.Qfi 
Lapland longs pur l'O 9.27 1. 98 
Redpoll spp. 15 0.40 0.91 

Aichilik 1984 Total birds 15 42.40 12.43 
Total species (15) 15 7.00 1. sn 
Northe>"n pintail 15 0.27 0.')9 
Willow ptarmigan 1'0 0.40 O.'il 
Lesser golden-plover l'i 1.00 1. 25 
Semi palma ted sandpiper l'i 0.93 l. 79 
Pectoral Si!ndpiper l'i 7.fio 4.82 
Long-billed dowitcher 15 1.47 3.02 
Red-necked phalarope 15 1.87 l.fl8 
Pomarine jaeger 1'5 0.60 1. 30 
Parasitic jaeger l'i 0.47 0.9:> 
Long-tailed jaeger l'i 1. 87 1. Bfl 
Glaucous gull l'i 0.07 0.26 
Short-eared owl 15 0.07 0.26 
Savannah sparroH l'i 4.20 4.07 
Lapland longs pur 1') 21.40 8.?fi 
Redpoll spo. l'i 0.40 1.12 

198') Total birds l'i ?2.1) fi.'il 
Total species (17) l'i 7.00 2.17 
Green-Hinged teal 15 0.07 0.2fi 
Northern pintail l'i 0.40 O.fi3 
Golden eRgle l'i 0.07 0.2fi 
Gyrfalcon l'i o.n O.'i? 
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Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean .:': S.D • 

V Moist Sedge-Shrub Continued. 

Aichilik 1985 Willow ptarmip;an 15 o. 73 0.80 
Rock ptarmigan 15 0.20 0.56 
Lesser golden-plover 15 l. 47 l. 77 
Whimbrel 15 0.~3 0.90 
Semi palma ted sandpiper 15 0.47 0.74 
Pectoral sandpiper 15 3.80 2.6'5 
Long-billed dowitcher 15 0.47 1.13 
Red-necked ph ala rope 15 0.80 0. 77 
Pomarine jaeger 15 0.60 l. 12 
Parasitic jaeger 1'5 0.40 O.fi1 
Long-tailed jaeger 15 1.00 1.07 
Savannah soarrO'rJ l'i 1.60 1.18 
Lapland longs pur 15 10.20 3.32 

Sadlerochit 1984 Total birds l'i 2fi. h7 9.55 
Total species (14) l'i 4.87 1. 36 
Northern pintail l'i 0.20 0.56 
Hillow ptarmigan 15 0.07 0.26 
Lesser golden-plover l'i 0.53 l. 06 
Ruddy turnstone l'i 0.07 0.26 
Semipalmated sandpiper 1'3 ?.9~ 2.49 
Pectoral sandpiper l'i 2.80 1.97 
Long-billed dowitcher l'i o.n 0.')? 
Red-necked phalarope 15 O.fi7 0.98 
Parasitic jaeger lS 0.20 0.41 
Long-tailed jaeger 1'3 0.87 1.19 
Glaucous gull 1'3 0.07 0.2fi 
Savannah sparroH 15 0.33 0.62 
Lapland longs pur 15 17.FJ7 fi.ll 
Redpoll spp. 15 0.13 0.35 

1985 Total birds 15 27.20 7 0 811 
Total species Cl5) 15 5.67 l. 76 
Northern pintail 15 0.33 l. 05 
Peregrine falcon l'i 0.07 0.2fi 
Willm-1 ptarmigan 15 0.27 0.59 
Rock ptarmigan l'i 1.20 2.93 
Lesser golden-plover 15 0.40 0.51 
Semi Pal mated sandpiper 15 3.40 1.92 
Pectoral sandpiper 15 2.07 l. 53 
Long-hilled dow.i tcher 15 0.07 0.2ii 
Red-necked phalarope 15 0.?7 0.59 
Pomarine jaeger 15 0.13 o. 35 
Parasitic jaeger l" 0.07 0.2fi 
Lonp;-tailed jaeger 15 l. 07 1.03 
Snow 01-11 15 0.07 0.?6 
Savannah sparrow l'i 0.07 0.26 
Lapland longs our 15 15.80 "-33 

,Jap;o Delta 1984 Total birds ]<; 19.80 10.54 
Total species (14) l'i 4.07 1. 87 
Northern ointail ]_<; 0.?7 0.70 
Rock ptarmip;an l'i 0.27 0.46 
Lesser golden-plover l'i 0.33 0.90 
Semi palma ted sand pi peer l'i 0.87 1.13 
Pectoral sandpiper l'i 2.00 l. 'il 
Dunlin l'i 0.27 0.70 
Buff-breasted sancJpiper 16 0.33 0.49 
Red phalarope l'i 0.13 0.35 
Pom<'lrine jrtPg;er 15 0.07 O.?A 
Parasitic j2eoser l'i 0.?7 0.59 
Lonos-t<-1iled jaeger l'i 0.20 0.41 
Glaucous gull 15 0.07 0.26 
Lew land lo11gspllr l'i 14.n 8 0 42 
Redpoll spp. l'i 0.07 O.?F, 
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Appendix Tahle II. Continuerl. 

Habitat 

Location Year Species Sample Size Mean .!. S.D . 

V Moist Sedge-Shrub Continued. 

Jago Delta 198'5 Total birds l'i 20.27 8.30 
Total species (14) l'i 'i.20 l. 37 
Northern pintail 15 0.27 1.03 
Rock ptarmigan 15 0.60 0.74 
Lesser golden-plover l'i l. 00 o.R'i 
Semipalmated sandpiper l'i 0.93 1.28 
Pectoral sandpiper l'i 3.13 2.64 
Dun lin 15 0.47 0.92 
Buff-breasted sandpiper 15 0.53 0.99 
Long-billed dowitcher 1'5 0.33 0.72 
Red-necked phalarope 15 0.07 0.26 
Pomarine jaeger l'i l. 47 2.00 
Parasitic jaeger 15 0.20 0.41 
Long-tailed jaeger 15 o.n 0.35 
Short-eared owl 15 0.20 O.'ifi 
Lapland lonfT,spur l'i 10.93 5.04 

Marsh Creek 1985 Total birds 15 13.67 5.98 
Total species (12) 15 3J>7 1.88 
ROUfT,h-legged hawk l'i 0.07 0.26 
Golden eagle l'i 0.07 0.2fi 
Willow ptarmigan 15 l. 40 1.68 
Rock ptarmigan 15 0.47 0.64 
Lesser golden-plover 15 0.40 0.74 
Semipalmated sandpiper l'i 0.07 0.26 
Pectoral sandpiper 15 0.13 0.35 
Pomarine jaeger 15 0.20 0.41 
Parasitic jaeger 15 0.13 0.35 
Long-tailed jaeger 15 0.40 0.63 
Savannah sparrow l'i l. 00 1.'~6 
Lapland longs pur 15 9.27 4.59 

Niguanak 1985 Total birds l'i 22.53 6.57 
Total species (l'i) l') 5.53 l. 96 
Northern pintail 15 0.53 0.92 
Oldsquaw 15 0.20 0.56 
Willow ptarmigan 15 0.47 0.64 
Rock ptarmigan 15 0.60 0.99 
Lesser golden-olover l'i 0.13 0.3'i 
Semipalmated sandoiper l'i 0.07 0.26 
Pectoral sandpiper 15 fi.20 2. 31 
Stilt sandpiper l'i 0.13 0.3'i 
Long-billed dowitcher l'i 0.33 0.49 
Red-necked phalarope 15 0.67 l.O'i 
Pomarine jaeger 15 2.60 l. 92 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger 15 0.07 0.26 
Short-eared owl l'i 0.40 O.fi3 
Lapland longs pur l'i 10.07 3.83 

VI Tussock 

Katakturuk 1982 Total birds 3 23.33 12.66 
Total species (10) 3 6.00 2.65 
Northern pintail 3 0.33 0.58 
Rough-legged hawk 3 0.33 0.58 
Rock ptarmigan 3 0.33 0.58 
Semipalmated sandpiper 3 3.00 2.65 
Pectoral sandpiper 3 2.00 1.00 
Buff-breasted sandpiper 3 0.33 0.58 
Long-tailed jaeger 3 o.n7 0.58 
Short-eared owl 3 0.33 0.<;8 
Savannah sparrow 3 4.33 0.58 
Lapland longs pur 3 ll. 67 8.50 

175 



Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Me :om .:': S.D . 

VI Tussock Continued. 

Katakturuk 1983 Total birds l? 14.')0 l3.91i 
Total species (9) 12 3.42 2.23 
Rock ptarmigan 12 0~25 0. I~') 
Lesser golden-plover 12 l. 58 1.n8 
Semipalmated sandpiper 12 1.83 3.21 
Pectoral sandpiper 12 0.58 0.79 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.17 0.39 
Yellow wagtail 12 0.50 1.17 
Savannah sparrow 12 l. 08 1.98 
Lapland lon12;spur 12 8.42 7.40 

1985 Total birds 14 11.00 7.80 
Total species ( 13) 14 3.93 1.90 
Willow ptarmigan 14 0.79 l.O'i 
Rock ptarmigan 14 0.79 0.89 
Lesser 12;0lden-plover 14 0.93 0.83 
Semipalmated sandpiper 14 0.71 1.20 
Pectoral sandpiper 14 0.21 0.'58 
Pomarine jaeger 14 0.14 0.31i 
Parasitic jaeger 14 0.29 0.61 
Long-tailed jaeger 14 0.14 0.36 
Short-eared owl 14 0.07 0.27 
Yellow wagtail 14 0.36 0.93 
Savannah sparrow 14 0.64 l. 74 
Lapland longspur 14 5.86 4.31 
Redpoll spp. 14 0.07 0.27 

Jago Bitty 1983 Total birds 12 9.00 5.70 
Total species (9) 12 3.08 l. 38 
Willow ptarmigan 12 0.25 0.62 
Rock ptarmigan 12 0.42 0.67 
Lesser golden-plover 12 0.50 0.80 
Semipalmated sandpiper 12 0.25 0.45 
Buff-breasted sandpiper 12 0.08 0.29 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.33 0.49 
Savannah sparrow 12 1.08 1.16 
Lapland longspur 12 6.00 4.73 

198'5 Total birds l'i 14.80 3.05 
Total species (10) l'i 4.53 l. 51 
Willow ptarmigan l'i 2.73 1.16 
Rock ptarmigan 15 1.60 l. 55 
Lesser li;Olden-plover l'i 0.40 0.51 
Pomarine jaeger l'i 0.13 0.72 
Parasitic jaeger 15 0.20 0.41 
Lon12;-t:oliled jaeger l'i 0.73 0.88 
Yellow wagtail 15 0.07 0.26 
Savannah sparrow l'i 0.73 1.03 
Lapland longspur l'i 7.93 l. 83 
Redpoll spp. 15 0.07 0.26 

Aichil ik 1984 Total birds l'i 2').93 10.98 
Total species (15) l'i 5.27 2.02 
Willow ptarmigan 15 0.40 0.63 
Rock ptarmigan 15 0.80 1.15 
Lesser golden-plover 15 2.07 1.71 
Semipalmated sandpiper 15 0.07 0.21) 
Pectoral sandpiper l'i 4.71 2.()0 
Buff-breasted sandpiper l'i 0.07 0.26 
Long-billed dowitcher 15 0.60 0.91 
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Appendix Table II. Cootinuecl. 

Habitat 

Location Year Species Sample Size Mean 
=-

S.D. 

VI Tussock Continued. 

Aicr1i lik lo84 Red-necked phalarope 1'3 O.S3 0.83 
Pomarine jaeger 15 0.33 0.82 
Parasitic jaeger 15 0.01 0.26 
Long-tailed jaeger 15 0.03 l. 39 
Glaucous gull l'i 0.01 0.26 
Savannah sparrow 15 0.21 0.70 
Lapland lonp:spur 15 15.87 7.63 
Redpoll spp. lS 0.13 0.52 

1985 Total birds 15 18.93 4.01 
Total species (16) l'i 7.40 l. 68 
Northern pintail 1'3 0.27 0.59 
Willow ptarmigan 15 l. 47 0.83 
Rock ptarmigan 1'5 2.47 1.55 
Lesser golden-plover 15 2.13 1.25 
Whimbrel 15 0.07 0.26 
Semipalmated sandpiper 15 0.27 0.46 
Pectoral sandpiper 1'3 l. 80 2.04 
Long-billed dowitcher 15 0.07 0.26 
Red-necked phalarope 15 0.53 0.74 
Pomarine jaeger 1'5 0.60 1.12 
Parasitic jaeger 15 0.53 0.64 
Long-tailed jaeger 15 0.60 0.63 
Short-eared owl 15 0.47 0.74 
Common raven lS 0.07 0.26 
Lapland longspur 15 7.00 2.70 
Redpoll spp. 15 O.fiO 1.18 

Sadlerochit 1984 Total birds 15 13.87 5.2'5 
Total species (10) 1'5 3.47 1.25 
Northern pintail 15 0.07 0.26 
Willow ptarmigan 15 0.07 0.26 
Rock ptarmigan 1'5 0.93 1.10 
Lesser golden-plover 15 0.47 0.64 
Semipalmated sandpiper 15 0.13 0.35 
Pectoral sandpiper 15 1.13 o.o2 
Long-billed dowitcher 15 0.07 0.26 
Parasitic jaeger 15 0.20 0.56 
Long-tailed jaeger 15 0.60 o. 91 
Lapland longspur 15 10.20 4.44 

1985 Total birds 15 20.87 4.78 
Total species (13) 15 5.00 l. 69 
Northern pintail 15 0.07 0.26 
Willow ptarmigan 15 0.13 0.3'5 
Rock ptarmigan 1'5 2.07 l. 28 
Lesser golden-plover l'i l. 47 1.19 
Semipalmated sandpiper 15 0.33 0.62 
Pectoral sandpiper 15 1.07 1.22 
Buff-breasted sandpiper 15 0.07 0.26 
Pomarine jaeger 1'5 0.20 0.41 
Parasitic jaeger 15 0.27 0.46 
Long-tailed jaeger l'i 0.67 0.82 
Short-eared owl 15 0.13 0.'52 
Savannah sparrow 15 0.20 0.56 
Lapland longspur 15 14.20 4.48 

Marsh Creek 1985 Total birds 15 11.27 5.35 
Total species (8) l'i 2.87 0.92 
Willow ptarmigan 15 l. 40 1.12 
Rock ptarmigan 15 0.20 0.41 
Lesser golden-plover 15 0.40 0.63 
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Appendix Table II. Continuerl. 

Habitat 

Location Year Species Sample Size Mean ~ S.D. 

VI Tussock Continued. 

Marsh Creek 1985 Pomarine jaeger 15 0.07 0.2Fi 
Parasitic jaeger 15 0.01 0.26 
Long-tailed jaeger 15 0.40 1.06 
Savannah sparrow 15 0.33 O.fi2 
Lapland longspur 15 8.40 4.6fi 

Niguanak 1985 Total birds 15 15.60 5.17 
Total species (ll) 15 4.53 l. fiO 
Northern pintail 15 0.20 0.56 
Willow ptarmigan 15 0.33 0.82 
Rock ptarmigan 15 l.fi7 l. 35 
Lesser golden-plover Fi 0.53 0.83 
Pectoral sandpiper 15 0.67 1.18 
Buff-breasted sandpiper 15 0.07 0.26 
Pomarine jaeger 15 2.33 2.26 
Parasitic jaeger 15 0.53 0.74 
Long-tailed jaeger 15 0.40 0.63 
Short-eared owl 15 0.20 0.56 
Lapland longs pur 15 8.73 4.42 

IX Riparian 

Okpilak 1983 Total birds 8 36.12 9.85 
Total species (14) 8 6.50 l. 85 
Northern pintail 8 0.38 l. 06 
Oldsquaw 8 0.25 0.71 
Lesser golden-plover 8 0.88 1.13 
Ruddy turnstone 8 0.25 0.71 
Semipalmated sandpiper 8 6.75 2.60 
Baird's sandpiper 8 o.63 l. 41 
Pectoral sandpiper 8 2.13 3.04 
Red-necked phalarope 8 0.50 0.76 
Parasitic jaeger 8 O.'iO 0.53 
Long-tailed jaeger 8 0.38 0.52 
Arctic tern 8 0.13 0.35 
Savannah sparrow 8 1.25 l. 39 
Lapland longspur 8 17.37 5.76 
Redpoll spp. 8 4.75 6.07 

Katakturuk 1982 Total birds 6 41.50 8.83 
Total soecies (15) 6 8.17 0.41 
Rough-legged hawk 6 0.17 0.41 
Rock ptarmigan 6 0.33 0.82 
Lesser golden-plover 6 2.17 l. 33 
Semipalmated plover 6 0.67 0.52 
Ruddy turnstone 6 0.50 0.55 
Semipalmated sandpiper 6 8.00 3.69 
Baird's sandpiper (, 0.33 0.52 
Buff-breasted sandpiper 6 0.50 l. 22 
Long-tailed jaeger 6 l. 33 l. 51 
Horned lark (i 0.33 o.R2 
Yellow wagtail h ?.33 l. 21 
Water pipit li o.so 1.22 
American tree sparrow 6 2.17 2. 71 
Lapland longspur 6 17.83 5.64 
Redpoll spp. 6 4.83 2.23 

1983 Total birds 12 42.75 ll. 81 
Total species (16) 12 6.75 l. 36 
Willow ptarmigan 12 0.17 0.58 
Rock ptarmigan 12 0.42 0.79 
Lesser golden-Plover 12 1.17 l. 40 
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Appendix Table II. Continue<l. 

Habitat 

Location Year Species Sample Size Mean .! S.D . 

IX Riparian Continued. 

Katakturuk 198'3 Semipalmated plover 12 0.33 0.65 
Spotted sandpiper 12 0.08 0.29 
Ruddy turnstone 12 0.42 0.79 
Semipalmated sandpiper 12 4.')8 2.54 
Baird's sandpiper 12 0.17 0.39 
Long-tailed jaeger 12 0.92 1.00 
American robin 12 0.08 0.29 
Yellow wa12;tail 12 2.')0 1.73 
American tree sparrow 12 2.83 2.66 
Savannah sparrow 12 0.08 0.29 
White-crowned sparrow 12 0.25 0.87 
Lapland longspur 12 24.67 10.fi2 
Redpoll spp. 12 4.2'3 3.70 

1985 Total birds 15 63.47 8.97 
Total species (17) l'i 7.93 l. 83 
Rock ptarmip;an 15 0.53 0.92 
Lesser golden-plover l'i l. 67 2.19 
Semipalmated plover 15 l. 33 1.80 
Ruddy turnstone 15 0.67 1.59 
Semipalmated sandpiper 15 10.60 3.74 
Baird's sandpiper l'i 1.13 l. fi4 
Pectoral sandpiper 15 0.01 0.26 
Buff-breasted sandpiper 15 0.33 0.49 
Long-billed dowitcher 15 0.07 0.26 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger 15 0.40 0.74 
Yellow wagtail 15 2.47 2.01 
American tree sparrow 1'3 l. 60 1.24 
Savannah sparrow 15 0.07 0.26 
White-crowned sparrow 15 o.n 0.35 
Lapland longspur 15 30.80 9.96 
Redpoll spp. lS 10.80 6.28 

Jago Bitty 1983 Total birds 12 26.00 9, 41~ 
Total species (ll) 12 5.25 l. 60 
Willow ptarmigan 12 0.08 0.29 
Rock ptarmigan 12 0.25 0.62 
Lesser golden-plover 12 l. 58 1.78 
Ruddy turnstone 12 0.33 0.65 
Semipalmated sandpiper 12 2.25 1.76 
Pectoral sandpiper 12 O.fi7 l. 44 
Parasitic jaep;er 12 0.33 0.89 
Long-tailed jaeger 12 0.42 0.67 
Savannah sparrm·l 12 l. 92 1.24 
Lapland lonp;spur 12 17.25 7.97 
Redpoll spp. 12 0.92 1.24 

1985 Total birds 15 27.87 6.81 
Total species (16) 15 fi.20 l. 42 
Northern pintail 1'3 0.01 0.26 
Willow ptarmigan 15 0.80 1.15 
Rock ptarmigan lS 0.93 0.88 
Lesser golden-plover 1'3 l. 27 l. 67 
Ruddy turnstone 15 0.13 O.S2 
Semipalmated sandpiper 15 3.07 2.79 
Buff-breasted sandpiper 15 0.07 0.26 
Pomarine jaeger 15 0.27 0.80 
Parasitic jaeger 15 0.')3 0.74 
Long-tailed jaeger 15 0.60 l. 30 
Short-eared owl 15 0.40 0.63 
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Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean .:!: S.D. 

IX Riparian Continued. 

Jago Bitty 1985 Yellow wagtail l~ 0.07 0.21i 
American tree sparrow 15 0.13 0.52 
Savannah sparrow 15 2.00 l. 81 
Lapland lon~~;spur 15 16.27 5.91 
Redpoll spp. 15 1.27 2.1S 

Aichilik 1984 Total birds lS 37.67 12.53 
Total species (lS) 15 7.27 1.94 
Rock ptarmigan 15 0.73 l. 03 
Lesser golden-plover 15 3.60 l. 9fi 
Whimbrel 15 0.13 0.52 
Ruddy turnstone 15 2.47 2.64 
Semipalmated sandpiper 15 1.20 l. 93 
Buff-breasted sandpiper 15 0.47 0.92 
Pomarine jaeger 15 l. 47 l. 41 
Parasitic jaeger lS l. 33 3.13 
Long-tailed jae~~;er lS 0.13 0.35 
Mew gull 15 3.67 3.20 
Glaucous gull 15 0.07 0.26 
Arctic tern lS 0.40 l. 30 
Savannah sparrow 15 l. 73 2. 7l 
Lapland longs pur lS lfi.OO 8.98 
Redpoll spp. lS 4.47 3.81 

1985 Total birds 15 23.13 6.56 
Total species (20) 15 7.13 l. 81 
Rock ptarmigan 15 l. 67 2.29 
Lesser golden-plover 15 2.67 l. S9 
Semi palma ted plover 15 0.13 0.52 
1-/himbrel lS 0.07 0.26 
Ruddy turnstone lS 0.40 0.74 
Semipalmated sandpiper 15 0.60 1.12 
Baird's sandpiper 15 0.60 0.91 
Pectoral sandpiper 15 0.27 o.s9 
Stilt sandpiper 15 0.07 0.26 
Buff-breasted sandpiper 15 l. 33 l. 4S 
Red-necked phalarope 15 0.13 0.3S 
Pomarine jaeger 15 0.07 0.26 
Parasitic jaeger l':i 0.13 0.35 
Lonl':-tailed jaeger lS O.S3 0.83 
Mew gull 1~ 0.20 0.56 
Glaucous gull 15 0.20 0.41 
Arctic tern 15 0.20 0.56 
Savannah sparrow 15 o. 67 l. 45 
Lapland longspur l'i 10.07 6.12 
Redpoll sop. 15 3-13 l. 92 

Sadlerochit 1984 Total birds lS 40.47 19.88 
Total species (21) l'i 7-27 l. 33 
Common eider 15 0.07 0.26 
Oldsquaw l'i 0.20 0.41 
Rock ptarmigan 15 0.07 0.26 
Lesser golden-plover l'i 2.13 2.26 
Ruddy turnstone lS 1.20 1.08 
Semipalmated sandpiper 15 8.47 5.72 
Baird's sandpiper 15 0.73 1.16 
Pectoral sandpiper 15 0.93 l. 03 
Dun lin 15 0.07 0.26 
Buff-breasted sandpiper 15 o.n O.S2 
Long-billed dowitcher 15 0.07 0.26 
Red-necked phalarope 15 0.27 l. 03 
Pomarine jaeger 15 0.07 0.26 
Parasitic jaeger 1') 0.33 O.li? 
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Appendix Table II. Continuerl. 

Habitat 

Location Year Species Sample Size Mean ~ S.D. 

IX Riparian Continued. 

Sadlerochit 1984 Lonf':-tailed jaeger 15 0.40 0.63 
Arctic tern 15 0.47 0.64 
Short-eared owl 15 0.07 0.26 
Savannah sparrow 15 1. 60 2.41 
Lapland longspur 15 20.27 11.92 
Snow bunting 15 0.07 0.26 
Redpoll spp. 15 2.87 3.44 

1985 Total birds 18 71.89 30.99 
Total species (26) 18 9.06 1. 89 
Red-throated loon 18 O.ll 0.47 
Mallard 18 0.06 0.24 
Northern pintail 18 0.06 0.24 
Common eider 18 O.ll 0.47 
Old squaw 18 O.ll 0. 32 
Willow ptarmigan 18 0.06 0.24 
Rock ptarmigan 18 1. 56 2.06 
Lesser golden-plover 18 4.ll 3.55 
Semipalmated plover 18 0.06 0.24 
Whimbrel 18 0.06 0.24 
Ruddy turnstone 18 2. 67 2.30 
Semipalmated sandpiper 18 ll.06 5.62 
Baird's sandpiper 18 1. ')6 2.')7 
Pectoral sandpiper 18 1. 56 3. 71 
Dun lin 18 0.17 0.51 
Buff-breasted sandpiper 18 1. 33 2.68 
Red-necked phalarope 18 0.06 0.24 
Pomarine jaeger 18 0.33 0.69 
Parasitic jaeger 18 0.39 0.70 
Long-tailed jaeger 18 1.00 1.24 
Glaucous gull 18 0.22 0.55 
Arctic tern 18 0.17 0.51 
Yellow wagtail 18 0.83 1.10 
Savannah sparrow 18 1.28 1.96 
Lapland longspur 18 39.94 2'>.56 
Redpoll spp. 18 1.00 4.21 

Jago Delta 1984 Total birds 15 22.20 ll.4o 
Total species (10) l'i 3-73 1.10 
Northern pintail 15 0.07 0.26 
Lesser golden-plover 15 0.40 0.63 
Semipalmated plover 15 0.20 0.41 
Ruddy turnstone 15 2.07 2.09 
Semipalmated sandpiper 15 1.20 1. 66 
Dun lin 15 0.07 0.26 
Buff-breasted sandpiper 15 2.20 3.0'i 
Pomarine jaeger l'i 0.07 0.26 
Lapland longspur 15 15.20 9.33 
Redpoll spp. 15 0.67 1. 45 

1985 Total birds 15 14.60 8.36 
Total species (12) l'i 3Sl 1. 41 
Tundra swan 15 0.07 0.26 
Oldsquaw 15 0.07 0.26 
Lesser golden-plover 15 2.00 4.64 
Ruddy turnstone 15 1.53 1.85 
Semipalmated sandpiper 15 0.93 1. 44 
Baird's sandpiper 15 0.13 0.35 
Dunlin 15 0.07 0.26 
Buff-breasted sandpiper 15 O.f>7 1.18 
Pomarine jaeger 15 0.')3 1.06 
Long-t;,.iled jaeger l'i 0.33 0.62 
Snowy owl 15 0.13 0.35 
Lapland longspur 15 8.13 5.66 
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Appendix Table II. Continued. 

Habitat 

Location Year Species Sample Size Mean .:': S.D. 

IX Riparian Continued. 

Marsh Creek Total birds l'i 42.93 o.oo 

a 

h 

Total species (19) l'i 9.27 l. fl7 
Willow ptarmigan l'i 0.07 0.26 
Rock ptarmigan 15 l. 33 1.29 
Lesser golden-plover 15 l. 53 1.06 
Semipalmated plover 15 0.07 0.2fi 
Spotted sandpiper 15 0.13 0.3') 
Ruddy turnstone 15 0.80 0.94 
Semipalmated sandpiper 15 1.47 2.59 
Baird's sandpiper 15 0.07 0.26 
Buff-breasted sandpiper 15 0.07 0.26 
Pomarine jaeger 15 0.13 0.')2 
Parasitic jaeger l'i 0.40 0.63 
Long-tailed jaeger 15 l. 60 0.99 
Glaucous gull 15 0.07 0.26 
Yellow wagtail l 'i 4.00 2.00 
American tree sparrow 15 3-13 2.26 
Savannah sparroH 15 4.93 4.33 
White-crowned sparroH l'i 1.60 2.2'1 
Lapland longspur lS 14.00 7.12 
Redpoll spp. 15 7.47 4.78 

Mean densities and mean number of species were means of counts from Rll 
replicate plots in each habitat at each location during all census periods 
durlng the reproductive season (see text). 
Value in parentheses refers to total number of species observed in Rll 
replicate plots during the reproductive season. 
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Appendix Table III. 

Location Year 

Okpilak 1982 

198'l 

1985 

Jago Delta 1984 

Mean densities (birds/km2) and mean number of species 
(species/O.lkm2)a of birds observed on 10 ha study 
plots during the post-reproductive season in different 
habitats on the coastal plain of the Arctic National 
Wildlife Refuge, Alaska, l 9il2-l98'i, sorted by location 
and year. 

Habitat 

Species 

II Flooded 

Total birds 
Total species (l'l)b 
Red-throated loon 
Pacific loon 
Northern pintail 
Black-bellied plover 
Lesser golden-plover 
Pectoral sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Parasitic jaeger 
Glaucous gull 
Arctic tern 
Lapland longspur 

Total birds 
Total species (12) 
Red-throated loon 
Northern pintail 
Black-bellied plover 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Parasitic jaeger 
Glaucous gull 
Lapland longspur 

Total birds 
Total species (19) 
Red-throated loon 
Pacific loon 
Northern pintail 
Spectacled eider 
Rock ptarmigan 
Black-bellied plover 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Dun lin 
Stilt sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Pomarine jaeger 
Parasitic jaeger 
Glaucous gull 
Snowy owl 
Lapland 1ongspur 

Total birds 
Total species (7) 
Pectoral sandpiper 
Stilt sandpiper 
Long-hilled dowitcher 
Red phalarope 
Parasitic jaep;er 
Glaucous p;ull 
Lapland longspur 
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Sample Size 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
'l 
3 
3 
3 
3 
3 
3 
3 
3 

9 
q 

9 
9 
9 
9 
q 
q 

9 
9 
9 
Q 

9 
q 

9 
9 
9 
9 
9 
Q 

q 

6 
6 
5 
6 
6 
6 
6 
6 
6 

Mean :: S.D. 

49.33 
7.33 
0.33 
0.33 
O.fi7 
1. 33 
1. 33 

21.67 
13.33 

0.67 
0.33 
0.67 
1. 33 
1. 33 
6.00 

60.67 
7.67 
3.00 
0.33 
0.33 
1. 33 
0.3'l 

42.33 
4.00 
2.00 
0. 67 
0.67 
3.67 
1. 33 

65.56 
8.ll 
1. 44 
0.33 
4.00 
O.ll 
O.ll 
0.3'l 
2.'ifi 
2.44 

40.44 
0.11 
0.')6 
1. 22 
4.11 
1. 67 
0.33 
0.33 
Lfi? 
O.ll 
3.78 

18. fi7 
3.50 
6.83 
0.33 
0.83 
1. 67 
0.50 
0.17 
8.17 

26.63 
2.52 
0.5R 
0.'58 
l.lS 
1. 53 
2. 31 

21.13 
8.14 
0.')8 
0.58 
1.15 
1. 53 
2.31 
1. 73 

;>?.l'i 
1.'53 
1. 00 
0.'58 
0.58 
2.31 
0.58 

19.66 
3.00 
2.00 
1.15 
1.15 
2.89 
1.53 

37.89 
3.44 
0.88 
0.71 
7. 30 
0.33 
0.33 
1.00 
4.61 
3.32 

29.18 
0.33 
1. fi7 
l. 48 
3.5'5 
l.il7 
0. 50 
0.50 
2.78 
0.33 
2.28 

fi.83 
l. 05 
5.15 
0.82 
l. 33 
2.34 
1.22 
0.41 
7.03 



Appendix Table III. Continued. 

Habitat 

Location Year Species Sample Size Mean .:!: S.D. 

II Flooded Continued. 

Jago Delta 1985 Total birds 9 30.56 7.28 
Total species (l'i) 9 6.n7 l. 50 
Kina; eider 9 O.ll 0.33 
Black-bellied plover 9 0.78 l. 99 
Lesser golden-plover 9 l. 33 1.73 
Semipalmated sandpiper 9 1.07 1.87 
Pectoral sandpiper 9 l2.ii7 1.94 
Dun lin 9 0.56 1.13 
Stilt sandpiper 9 l. 44 l. 'il 
Buff-breasted sandpiper 9 O.ll 0.33 
Long-billed dowitcher 9 1.89 2.52 
Red-necked phalarope 9 0.44 l. 01 
Red phalarope q 4.ll 4.54 
Pomarine jaeger q 0.44 0.53 
Parasitic jaeger 9 0.33 1.00 
Snowy owl 9 0.13 1.00 
Lapland longspur 9 4.33 1.94 

Niguanak 1985 Total birds q 32.56 19.09 
Total species (13) Q 6.67 l. 32 
Pacific loon 9 0.22 0.67 
Northern pintail 9 l. 78 3.49 
Rock ptarmigan 9 O.ll 0.33 
Lesser golden-plover g o.8o l. 3ii 
Semipalmated sandpiPer 9 0.11 0. 33 
Pectoral sandpiper 9 16.44 17.21 
Stilt sandpiper q 0.89 1.05 
Long-hilled dowitcher 9 l. 78 1.48 
Red-necked phalarope 9 2.89 3.02 
Red phalarope 9 0. :'l3 0.50 
Pomarine jaeger 9 l. 56 0.53 
Short-eared owl q 0.11 0.33 
Lapland longs pur g 5.44 2.56 

III Wet Sedge 

Okpilak 1982 Total birds 3 12.33 5.03 
Total species (5) 3 3.33 0.58 
Pectoral sandpiper 3 l. 67 2.08 
Long-billed dowitcher 3 l. 33 1.53 
Red-necked phalarope 3 0.33 0.58 
Parasitic jaeger 3 l. 33 1.15 
Lapland longs pur 3 7. fi7 4.04 

1983 Total birds 3 g. fi7 3.0fi 
Total species (f,) 3 1.33 l.l 'i 
Black-bellied plover 3 0.33 0.58 
Pectoral sandpiper 3 4.33 2.52 
Red-necked phalarope 1 0.33 0.58 
Long-tailed jaeger 3 0.33 0.58 
Glaucous gull 3 0.33 0.5fl 
Lapland lonp;spur 3 4.00 1.73 

1985 Total birds g 9.'13 fl.66 
Total species (5) g l.fl9 0.78 
Northern pintail g 0.56 l.l'i7 
Pectoral sandpiper g l. 5'i l. 81 
Lonp;-hilled dowitcher q O.ll 0.31 
Lapland lona;spur 9 7.00 6.04 
Smith's longs pur 9 O.ll 0.31 
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Appendix Table III. Continued. 

Habitat 

Location Year Species Sample Size Me !'in .:: S.D • 

III Wet Sedge Continued. 

Katakturuk 1983 Total birds l 11. Ofl 
Total species (5) 1 s.oo 
Rock ptarmigan l 2.00 
Lesser golden-plover l ~.00 

Pectoral sandpiper l 2.00 
Long-tailed jaeger 1 l. 00 
Lapland long spur 1 3.00 

1985 Total birds 2 9.50 0. 7l 
Total species (3) 2 ;>.OO 0.00 
Rock ptarmigan 2 4.00 5.1i6 
Long-tailed jaeger 2 1.00 o.oo 
Lapland longspur 2 4.50 6.31) 

Jago Bitty 1983 Total birds 3 9.67 4.16 
Total species (6) 3 3.67 0.58 
Rock ptarmigan 3 0.33 0.58 
Pectoral sandpiper 3 5.00 2.00 
Long-billed dowitcher 3 0.33 0.58 
Parasitic jaeger 3 0.67 1.15 
Long-tailed jaeger 3 1.00 1.00 
Lapland longs pur 3 2.33 1.15 

1985 Total birds 9 14.22 5.49 
Total species (10) 9 1.')6 0.88 
Northern pintail 9 0.~3 1.00 
Rock ptarmigan 9 l. 44 2.88 
Lesser golden-plover 9 O.f>7 1.00 
Pectoral sandpiper 9 4.11 3.33 
Long-hilled dowitcher 9 0.22 0.44 
Parasitic jaeger 9 0.89 1. 54 
Long-tailed jaeger 9 0.56 l. 01 
Short-eared owl g 0.11 0.33 
Lapland longs pur 9 5.78 2.49 
Redpoll spp. g O.ll 0.33 

Aichilik 1984 Total birds 6 19.')0 8.02 
Total species (4) fi l. 67 0.52 
Willow ptarmigan 6 2.50 6.12 
Lesser golden-plover 6 O.li7 l. fi3 
Pectoral sandpiper fi 3.')0 fi.l2 
Lapland longs pur li 12.83 6.74 

1985 Total birds q 7.22 4.27 
Total species ( 6) q 2.22 l. 09 
Hillow ptarmigan 9 0.11 0.33 
Rock ptarmigan q 3.33 4.64 
Whimbrel q 0.11 0.13 
Pomarine jaeger 9 0.33 0.50 
Long-tailed jaeger q 0.22 0.44 
Lapland longs pur 9 3.11 2.47 

Sadlerochit 1984 Total birds 6 ?fi.83 8.45 
Total species ( 3) r, 2.·B 0.52 
Pectoral sandpiper 6 21.00 9.25 
Parasitic jaeger 6 O.'iO 0.84 
Lapland lonp;spur li 5.33 2. 73 

1985 Total birds 9 25.00 2'1.98 
Total species (8) 9 2. 411 l. ;>4 
Northern pintail 9 0.33 1.00 
Hillow ptarmigan 9 l. 67 5.00 
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Appendix Table III. Continw~cl. 

Habitat 

Location Year Species Sample Size Mean .:!:. S.D. 

III Wet Sedge Continued. 

Sadlerochit 198'i Pectoral sandpip<>r 9 5.ll 10.4'i 
Long-hilled dowitch<>r 9 0.33 0.')0 
Parasitic jaeger q O.ll 0.33 
Short-eared owl q O.ll 0.33 
Savannah sparrow 9 l. sn l. 88 
Lapland longs pur 9 1 'i. 78 15.81 

Jago Delta 1984 Total birds 6 39.83 18.86 
Total species (9) 6 4.17 1.17 
Lesser golden-plover 6 2.33 3.50 
Semioalmated sandpiper f) 1.00 1.10 
Pectoral sandpiper 6 17.33 20.29 
Dun lin 6 0.17 0.41 
Stilt sandpiper 6 0.17 0.41 
Buff-breasted sandpiper 6 0.33 0.52 
Red phalarop<> fi 0.17 0.41 
Lonp;-tailed jaeger 6 0.17 0.41 
Lapland longs pur 6 18.00 8.72 

1985 Total birds 9 6.89 2.76 
Total species (7) 9 2.00 0.87 
Rock ptarmigan 9 0.67 2.00 
Lesser golden-plover q O.ll 0.33 
Pectoral sandpiper 9 0.56 l. 33 
Buff -breasted sandpiper 9 0.22 0.67 
Pomarine jaeger 9 0.31 0.50 
Snowy owl 9 O.ll 0.31 
Lapland longs pur 9 4. 89 l. 76 

Niguanak 1985 Total birds 9 7.12 2.fi2 
Total species ( 6) g 2.78 1.20 
Lesser golden-plover q 0.33 0. 71 
Pectoral sandptper g ]. ')6 l. '59 
Red-necked phalarope g 0.22 0.44 
Pomarine jaeger q l.ll 0.78 
Long-tRiled jaeger q O.ll 0.)3 
Lapland longs pur g ).89 2. 71 

IV Moist Sedge 

Katakturuk 1982 Totctl hirds 2 17.00 5.fi6 
Total species (2) 2 2.00 0.00 
Pectoral sctndpiper 2 11. 'iO lO.fil 
Lapland longs pur 2 ').')0 4.9'i 

1983 Total birds 2 6.00 7.07 
Total species ( 4) 2 2.00 l. 41 
Pectoral sandpioer 2 0.')0 0.71 
Parasitic jaeger 2 1.00 l. 41 
Long-tailed jaeg<>r 2 0.50 0. 71 
Lapland longs pur 2 4.00 5.66 

l98'i Total birds 4 lO.'iO 9.33 
Total species ( 3) 4 2.00 0.82 
Rock ptarmigan 4 l. 7'i 3.50 
Long-tail<>d jaeger 4 l. 25 0.96 
Laplctnd longs pur 4 7.')0 5.4'1 

Jago Bitty 1983 Totctl hirrls 3 ').33 l. '53 
Total speci<>s (2) 3 l. 33 0.')8 
Parasitic jaeger 3 0.33 0.58 
Lapland longspur 3 'i. 00 2.00 
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Appendix Table III. Continued. 

Habitat 

Location Year Species Sample Size Mean .! S.D . 

IV Moist Sedge Continued. 

Jago Bitty 1985 Total birds 9 26.78 l'i.ll 
Total species (13) q 6.00 2.12 
Northern Pintail g O.ll 0.33 
Willow Ptarmigan 9 4.67 6.98 
Rock ptarmil'(an 9 7.22 6.59 
Lesser golden-plover 9 3.ll 1.76 
Pectoral sandpiper 9 2.78 3.13 
Long-billed dowitcher q 0.11 0. 33 
Red-necked phalarope g O.ll 0.13 
Parasitic jaeger 9 0. 67 1.00 
Long-tailed jaeger 9 0.44 O.S1 
Short-eared owl 9 O.ll 0.33 
Savannah sparrow 9 l.ll 1.76 
Lapland lonf(spur 9 ').22 3.23 
Redpoll spp. 9 l.ll 1.54 

Aichilik 1984 Total birds 6 32.50 2').19 
Total species ('i) f, 2.')0 l. O'i 
Rock ptarmigan 6 2.50 6.12 
Lesser golden-plover 6 l. 67 4.08 
Pectoral sandpiper 6 10. ')0 8.46 
Long-tailed jaeger 6 O.'iO 0. 8!• 
Lapland longspur 6 17.33 14.:33 

1985 Total birds 9 10.67 1.2') 
Total species (6) q 2.22 l. 39 
Rock ptarmigan 9 l. 33 2.40 
Black-bellied plover 9 0.44 l. 33 
Lesser golden-plover 9 2.67 4.09 
Buff-breasted sandpiper 9 0.22 0.67 
Long-tailed jaeger 9 0.22 0.44 
Lapland longspur 9 '5.78 2.59 

Marsh Creek 1985 Total birds 9 8.ll 8.33 
Total species (8) 9 2.00 1.00 
Willow ptarmigan q l. '56 2.35 
Rock ptarmigan g 4.ll 7.80 
Lesser golden-plover 9 0.22 0.61 
Pectoral sandpiper 9 O.ll 0.33 
Long-tailed jaeger 9 0.22 0.44 
Short-eared owl g 0.22 o.o7 
Savannah sparrow q O.ll 0.33 
Lapland longspur g l. 56 2.96 

IVa Mosaic 

Okpilal< 1982 Total birds 4 27.7'i 11.24 
Total species ( 6) 4 3.'50 0.58 
Lesser golden-nlover 4 2.'50 4.36 
Pectoral sandpiper 4 4.25 1.71 
Long-billed dowitcher 4 4.25 4. 92 
Red-necked phalarope 4 0.50 1.00 
Long-tailed jaeger 4 0.25 0.50 
Lapland longspur 4 lfi.OO 12.70 

1983 Total birds 4 22.75 7.41 
Total species (8) 4 5.00 l. 41 
Black-bellied plover 4 0.50 0.58 
Lesser golden-plover 4 l. 50 2.38 
Pectoral sandpiper 4 ll.OO 2.94 
Long-hilled dowitcher 4 0.25 0.50 
Parasitic jaeger 4 0.25 0.50 
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Appendix Table HI. Continuerl. 

Habitat 

Location Year Species Samole Size Mean .:': S.D . 

IVa Mosaic Continued. 

Okpilal< 1983 Lonp;-tRiled jaep:er 4 0.')0 0.')8 
Glaucous p:ull 4 0.75 0.')0 
Lapland lonp;spur 4 7.7') 1J.?7 

1985 Total birds 12 16.')8 10.3'i 
Total species (8) 12 2.')8 0.70 
Rock ptarmigan 12 0.17 O.'iR 
Semipalmated sandpiper 12 0.2'i 0.62 
Pectoral sandpiper 12 3.17 l. 9') 
Pomarine jaeger 12 0.08 0.29 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.08 0.29 
Snowy owl 12 0.08 0.29 
Lapland longspur 12 12.67 10.62 

Sadlerochit 1984 Total birds 6 19.81 17.78 
Total species (7) 6 3.17 1.17 
Northern pintail 6 1.33 3.27 
Rock pta rmip;an 6 2.83 ii.Ol 
Lesser golden-plover 6 1.17 l. 60 
Pectoral sandpiper 6 ~.00 2.37 
Long-billed dowitcher 6 0.17 0.41 
Lonp;-tailed jaeger 6 0.17 0.41 
Laoland lonp;spur 6 11.17 7.00 

1985 Total birds g 2~.11 8.43 
Total species (Jl) g 3.89 l. 27 
Northern pintaU q 0.33 0. 7l 
Rock ptarmigan Q 0.11 0.33 
Lesser golden-plover q 0.33 0. 7l 
Semipalmated sandpiper g 0.22 0.44 
Pectoral sandpiper 9 6.44 5.41 
Long-billed dowitcher 9 0.33 0. 71 
Red-necked phalarope 9 o. :n 0.50 
Parasitic jaeger 9 0.22 0.44 
Lonp;-tailed jaeger 9 0.11 0.33 
Snowy owl 9 0.22 0.44 
Lapland longs pur 9 13. ~3 6.7'5 

Jago Delta 1984 Total birds f, 12.67 11.41 
Total species (7) 6 4.00 l. 26 
Northern pintail fi 0.33 0.52 
Old squaw 6 0.17 0.41 
Rock ptarmip:an 6 1.00 2.45 
Lesser golden-plover 6 l. 33 1.97 
Pectoral sandpiper fi 12. fi7 8.85 
Long-billed dowitcher 6 l. 33 l. 97 
Lapland longs pur ii 14.83 7.57 

1985 Total birds g 26.89 22.67 
Total species (12) g 4.22 2.17 
Northern pintC~il q 0.44 l. 33 
Oldsquaw g O.Sii l. ii7 
Roup:h-legged hawk 9 0.11 0.33 
Rock ptarmigan q 10.22 23.90 
Lesser golden-plover 9 0.11 0.31 
Pectoral sandpiper g 'i.67 2.18 
Buff-breasted sandpiper q 0.11 0.33 
Long-billed dowitcher 9 O.ii7 1.12 
Pomarine jaeger g 0.67 o. 7l 
Long-tailed jaeger 9 0.')6 l. 01 
Snowy owl 9 0.11 0.33 
Lapland longspur g 7.ii7 4.09 
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Appendix Table III. Continued. 

Hahitat 

Location Year Species Sample Size Mean .:':. S.D • 

V Moist Sedge-Shrub 

Okoilak 1982 Total birds l 7.00 
Total spec iP-s (3) l ~.00 

Pectoral sandpiper l l.OO 
Red-necked phalarope l l.OO 
Lapland longspur 1 ').00 

1985 Total hirds q 26.78 l'i.ll 
Total species (U) q fi.OO 2.12 
Northern pintail q 0.11 0.33 
Willow ptarmigan q 4.fi7 6.98 
Rock ptarmigan 9 7.22 6.')9 
Lesser golden-plover g ~.11 l. 76 
Pectoral sandpiper 9 2.78 3.7' 
Long-hilled dowitcher q 0.11 0.3) 
Red-necked phalarope q 0.11 0.33 
Parasitic jaeger 9 o.fi7 l.OO 
Long-tailed jaeger 9 0.44 0.53 
Short-eared owl 9 0.11 0.3) 
Savannah sparrow g l.ll l. 76 
Lapland longspur q 5.22 3.23 
Redpoll spp. g l.ll l. 54 

Aichilik 1984 Total birds F, 32.50 25.19 
Total species (5) 6 2.50 1.05 
Rock ptarmigan 6 2.50 6.12 
Lesser golden-plover 6 1. 67 4.08 
Pectoral sandpiper 6 10.')0 8.116 
Long-tailed jaeger 6 0.50 0.84 
Lapland longspur 6 17.33 14.33 

1985 Total birds g 10.67 7.25 
Total species (6) 9 2.22 1. 39 
Rock ptarmigan q l. 33 2.40 
Black-bellied plover 9 0.44 l. 33 
Lesser golden-plover g 2. 67 4.09 
Buff-breasted sandpiper 9 0.22 0.67 
Long-tailed jaeger g 0.22 0.44 
Lapland longspur q 5.78 2.59 

Marsh Creek 1985 Total birds q 8.11 8.33 
Total species (8) q 2.00 1.00 
Willow ptarmigan 9 l. 56 2.3'i 
Rock ptarmigan g 4.11 7.80 
Lesser golden-plover 9 0.22 0.67 
Pectoral sandpiper 9 0.11 0.33 
Long-tailed jaeger 9 0.22 0.44 
Short-eared owl 9 0.22 0.67 
Savannah sparrow 9 0.11 0.33 
Lapland longspur q l. 56 2.96 

1983 Total birds 2 28.00 2.83 
Total species ( 4) 2 3.00 o.oo 
Pectoral sandpiper 2 7.50 3.54 
Long-hilled dowitcher 2 0.50 o. 71 
Parasitic jaeger 2 l. 00 l. 41 
Lapland longspur 2 19.00 l. 41 

1985 Total birds 6 14.00 6.87 
Total species (6) 6 2.17 0.98 
Rock ptarmigan 6 0.17 0.41 
Lesser golden-plover 6 0.17 0.41 
Pectoral sandpiper 6 l. 67 2.07 
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Appendix Table III. Continued. 

Habitat 

Location Year Species Sample Size Mean .!. S.D. 

V Moist Sedge-Shrub Continued. 

Marsh Creek 198'5 Stilt sandpiper I) 0.50 1.22 
Long-tailed jaeger 6 0.17 0.41 
Lapland longs pur I) 11. ~3 5.79 

Katakturuk 1982 Total birds 12.00 
Total species (l) 1 1.00 
Lapland longs pur 1 12.00 

198~ Total birds 3 21.67 2').42 
Total species (4) 3 2.00 0.00 
Pectoral sandpiper 3 l. 00 l. 73 
Parasitic jaeger 3 0.33 0.')8 
Savannah sparrow 3 1.00 1.73 
Lapland longs pur 3 21.13 24.81 

1985 Total birds 9 14.ll 8.67 
Total species (9) 9 3.56 l. 01 
Willow ptarmigan g l. R9 2.98 
Rock ptarmigan 9 l. 56 4.30 
Lesser golden-plover Q 1.11 2.09 
Pectoral sandpiper 9 2.00 2.74 
Parasitic jaeger Q 0.31 o. 71 
Long-tailed jaeger 9 0.44 O.'i3 
Short-eared owl 9 0.11 0.13 
Savannah sparrow 9 0.22 0.44 
Lapland longs our q 6.11 4. 31• 

Jago Bitty 1983 Total birds 3 9.67 4.62 
Total species (4) 3 '3.00 0.00 
Willow ptarmigan 3 l. 67 1.15 
Lesser golden-olover 3 l. 67 l.'i3 
Pectoral sandpiper 3 0.33 0.58 
Lapland longs pur 3 6.00 3.61 

1985 Total birds 9 22.ll 1'5.10 
Total species ( 12) 9 4.22 1. 39 
Northern pintail 9 0.22 0.67 
Northern harrier 9 O.ll 0.33 
Willow ptarmigan q 9.56 11.02 
Rock ptarmigan 9 l.'i6 3.24 
Lesser golden-plover q 1.11 2.98 
Pectoral sandoiper 9 2.33 l.'iO 
Long-billed dowitcher q 0.67 0.87 
Parasitic jaeger q 0.11 0.33 
Long-tailed jaeger q 0.44 o.n 
Short-eared owl 9 0.11 0.33 
Savannah sparrow q 0.11 0.13 
Lapland longspur q 'i.7R 1.92 

Aichilik 1984 Total birds f, 46.67 '5.75 
Total species (6) 6 1.33 0.82 
Northern pintail f, 0.13 0.82 
\~i llow ptarmigan fj 4.67 7.47 
Pectoral sandpiper 6 19.'i0 3.62 
Parasitic jaeger 6 0.50 0.84 
Long-tailed jaeger 6 0.50 0.55 
Lapland longs pur 6 21.17 3.87 

1985 Total birds q 32.78 10.81 
Total species (12) q 'i.ll 2.32 
Northern harrier 9 0.11 0.33 
Vli11o~<~ ptarmigan 9 4.<:;6 6.82 
Lesser golden-plover 9 2.22 4.1') 
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Appendix Table III. Continuerl. 

Habitat 

Location Year Species Sample Size Mean .:!:_ S.D. 

V Moist Sedge-Shrub Continued. 

1\ichi lik l9fl5 Whimbrel g O.ll 0.33 
Semipalmated sandpiper 9 0.44 l.Ol 
Pectoral sandpiper 9 10.44 5.85 
Long-billed dowitcher 9 0.56 0.7~ 

Parasitic jaeger g 0.56 o.n 
Long-tailed jaeger 9 0.22 0.67 
Short-eared owl 9 O.ll 0.33 
Savannah sparrow 9 l. 33 l. 73 
Lapland longspur 9 ll. 78 ~-99 

Sadlerochit l9fl4 Total birds 6 17. fi7 n. 35 
Total species (5) 6 2.67 0.82 
Northern pintail 6 0.17 0.41 
Lesser golden-plover fi 0.67 l. 63 
Pectoral sandpiper 6 4.17 5.23 
Long-tailed jaeger 6 0.67 0.52 
Lapland longs pur 6 12.00 9.86 

1985 Total birds 9 29.00 ll. 32 
Total species (12) 9 4.22 l. 39 
Northern pintil.il 9 0.33 0.71 
Willow ptarmigan 9 l. 56 4.67 
Rock ptarmigan 9 4.00 9.29 
Lesser golden-plover 9 0.44 0. 73 
Semipalmated sandpiper 9 0.33 l.OO 
Pectoral sandpiper g 2.78 2.77 
Buff-breasted sandpiper 9 0.44 l. 33 
Long-billed dowitcher 9 O.ll 0.33 
Red-necked phalarope 9 0.33 0.50 
Parasitic jaeger q O.ll 0.33 
Long-tailed jaeger q 0.78 0.83 
Lapland longspur 9 17.78 6.'53 

Jago Delta 1984 Total birds 6 35.83 9.60 
Total species ( 6) 6 3-33 0.82 
Rock ptarmigan s 0.33 0.52 
Lesser golden-plover 6 2.83 3.19 
Pectoral sandpiper 6 7.67 '5.92 
Parasitic jaeger 6 0.17 0.41 
Long-til.iled jaeger I) 0.17 0.41 
Lapland longs pur 6 24.67 15.42 

198'5 Total birds 9 ll.OO 6.28 
Total species (6) 9 2.78 0.97 
Lesser golden-plover q 0.22 0.44 
Pectoral sandpiper 9 l. 00 2.29 
Buff-breasted sandpiper 9 0.22 0.44 
Pomarine jaeger 9 l. 22 o. 67 
Snowy owl 9 O.ll 0.33 
Lapland longspur 9 8.22 6.10 

Marsh CrP.ek 1985 Total birds g 25.56 16.39 
Total species (8) 9 2.67 0.87 
Willow ptarmigan q 6.67 7.79 
Rock: ptarmigan 9 l. 44 4.3~ 
Pectoral sandoiper g 0.'16 l. 33 
Pomarine jaeger q 0.44 l. 33 
Parasitic jaeger 9 O.ll 0.33 
Long-tailed jaeger 9 0.44 0.'53 
Savannah sparrow q 0.22 0.67 
Lapland longs pur 9 l5.fi7 13.34 
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Appendix Table III. Continuerl. 1 

Habitat 

Location Year Species Sample Size Mean .! S.D • 

V Moist Sedge-Shrub Continued. 

Niguanak 1985 Total birds 9 26.00 16.90 
Total species (1) 9 4.ll l. 27 
Rock ptarmigan g l. 89 3.22 
Pectoral sandpiper g 4.ll 3.10 
Stilt sandpiper q 0.51i 1.11 
Red-necked phalarope 9 O.ll 0. 33 
Pomarine jaeger q 1.44 o.n 
Short-eared owl q 0.78 1. 30 
Lapland longs pur q l1.ll 14.79 

VI Tussock 

Katakturuk 1982 Total birds l 24.00 
Total species (4) l 4. 00 
Willow ptarmigan l 2.00 
Rock otarmigan l 1.00 
Water pipit l 6.00 
Lapland longspur l 15.00 

1983 Total birds 3 12.67 12.50 
Total species (5) 3 2.67 1.15 
Rock ptarmigan 3 0.13 0.58 
Pectoral sandpiper 3 0.33 0.58 
Long-tailed jaeger n l. 31 1.53 
Savannah sparrow 3 l. 00 1.73 
Lapland longspur 3 9.67 10.69 

1985 Total birds 9 19.78 12.36 
Total species (10) q 3.00 0.87 
Willow ptarmigan 9 2.00 6.00 
Rock ptarmigan g 8.78 ll. 30 
Lesser golden-plover g 0.89 l. 27 
Whimbrel 9 0.22 0.67 
Pectoral sandpiper 9 0.22 0.44 
Long-tailed jaeger 9 0.22 0.44 
Short-eared owl g 0.22 0.67 
Common raven 9 O.ll 0.13 
Water pipit 9 0.22 0.67 
Lapland longspur q 6.89 3.62 

Jago Bitty 1983 Total birds 3 6.00 1.00 
Total species (4) 3 2.00 l. 00 
Lesser golden-plover 3 0.33 0.58 
Pectoral sandpiper 3 1.00 1.73 
Long-tailed jaeger 3 0.13 0.58 
Lapland longspur 3 4.33 1.15 

1985 Total birds q 16.33 12.02 
Total species (1) g ?.61 l. 41 
Willow ptarmigan g 5.67 6.46 
Rock ptarmigan q 2.44 4.30 
Lesser golden-plover 9 0.22 0.44 
Long-tailed jaeger 9 O.ll 0.31 
Common raven 9 0.33 1.00 
Lapland longs pur 9 7.00 li.26 
Redpoll spp. 9 0.')6 l. 33 

1\ichilik 1984 Total birds fi 32.00 11.0') 
Total species ( 6) fi 1.33 l. 21 
Willow ptarmigan 6 4.33 6.83 
Lesser golden-plover 6 0.50 0.84 
Pectoral sandpiper fi 8.83 4.02 
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Appendix Table III. Continued. 

Habitat 

Location Year Species Sample Size Mean .! S.D • 

VI Tussock Continued. 

Aichilik 1984 Parasitic jaeger 6 0.17 0.41 
Long-tailed jaeger 6 0.50 0.55 
Lapland longspur 6 17.67 6.06 

1985 Total birds q 21.00 6.18 
Total species (10) q 4.44 l.U 
Green-winged teal 9 O.ll 0.33 
Willow ptarmigan 9 4.22 4.52 
Rock ptarmigan 9 2.00 2.69 
Lesser golden-plover 9 2.33 i.35 
Pectoral sandpiper 9 'l.51:i 2.74 
Stilt sandoiper 9 O.ll 0.33 
Long-billed dowitcher 9 0.22 0.44 
Pomarine jaeger q 0.22 0.44 
Long-tailed jaeger 9 0.44 l. Ol 
Lapland longspur 9 7.78 4.27 

Sadlerochit 1984 Total birds 6 23.67 17.04 
Total species (6) 6 2.i3 1.03 
Willow ptarmigan 6 4.17 6.6'3 
Rock ptarmigan 6 7.67 12.03 
Lesser golden-plover 6 0.17 0.41 
Pectoral sandpiper 6 0.17 0.41 
Long-tailed jaeger 6 0.33 0.52 
Lapland longspur fi ll.l7 5.85 

1985 Total birds CJ ll. 67 5.27 
Total species (7) 9 2.56 l.U 
Willow ptarmigan 9 0.22 0.44 
Rock ptarmigan 9 2.78 4.41 
Pectoral sandpiper 9 0.33 o. 71 
Stilt sandpiper 9 O.ll 0.33 
Long-tailed jaeger 9 O.'l3 0.71 
Short-eared owl Q O.ll 0.3i 
Lapland longspur 9 7.78 4.38 

Marsh Creek 1985 Total birds 9 8.00 5.68 
Total species (6) 9 2.11 l. 05 
Willow ptarmigan 9 3.44 5.22 
Rock ptarmigan 9 O.ll 0.33 
Lesser golden-plover 9 0.22 0.44 
Pectoral sandpiper q O.ll 0.33 
Long-tailed jaeger 9 O.'l3 0.50 
Lapland longspur q 3.78 2.39 

Niguanak 1985 Total birds 9 7.44 2.24 
Total species (10) q 3.11 1.05 
Hillow ptarmigan 9 0.22 0.67 
Rock ptarmigan 9 0.56 L33 
Lesser golden-plover 9 0.67 l. 32 
Pectoral sandpiper 9 0.22 0.44 
Long-billed dowitcher 9 O.ll O.'i3 
Pomarine jaeger q 0.33 0.50 
Long-tailed jaeger 9 0.67 LOO 
Short-eared owl 9 0.22 0.44 
Common raven 9 O.ll 0.33 
Lapland longspur 9 4.33 l. 87 

Okpilak 1983 Total birds 2 23.50 12.02 
Total species ( 6) 2 4.'30 2.12 
Pectoral sandpiper 2 2.50 0.71 
Parasitic jaeger 2 0.50 0.71 
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Appendix Tahle III. Continued. 

Habitat 

Location Year Species Sample Size Mean .!. S.D. 

VI Tussock Continued. 

Okpilak 1983 Glaucous gull 2 1.00 0.00 
Savannah sparrow 2 l. 50 2.12 
Lapland longspur 2 17.00 8.49 
Redpoll spp. 2 l. 00 l. 41 

Katakturuk 1982 Total birds 2 35.00 9.90 
Total species (8) 2 5.50 0. 71 
Northern harrier 2 0.50 0. 71 
Lesser golden-plover 2 0.50 0.71 
Pectoral sandpiper 2 0.50 0. 71 
Water pipit 2 6.00 8.49 
American tree sparrow 2 4.00 ').l)fi 
Savannah sparrow 2 o.c;o o. 71 
Lapland longspur 2 lfi.'iO 2.12 
Redpoll spp. 2 5.00 4.24 

1983 Total birds 3 59.67 12.6fi 
Total species (9) 3 li.33 0.58 
Rock ptarmigan 3 l. 67 2.08 
Lesser golden-plover 3 0.33 0.58 
Pectoral sandpiper 3 0.3~ 0.58 
Long-tailed jaeger 3 l. 67 0.58 
Yellow wagtail 3 4.33 5.13 
American tree sparrow 3 18.00 7.00 
Savannah sparrow 3 0.67 0.58 
Lapland longspur 3 25.67 ll.59 
Redpoll spp. 3 7.00 10.44 

Katakturuk 1985 Total birds 7 70.71 16.03 
Total species (13) 7 7.57 1.27 
Willow ptarmigan 7 1.14 2.61 
Rock ptarmigan 7 21.43 16.06 
Lesser golden-plover 7 3.00 4.62 
Semipalmated sandpiper 7 0. 71 1.89 
Buff-breasted sandpiper 7 0.29 0.76 
Long-tailed jaeger 7 0. 71 0.9'5 
American robin 7 0.29 0.49 
Yellow wagtail 7 3.00 l. fi3 
American tree sparrow 7 3. 71 2.fi3 
Savannah sparrow 7 3.14 3.08 
White-crowned soarrow 7 0. 71 1.25 
Lapland longspur 7 27.71 1'5.74 
Redpoll spp. 7 4.86 3.58 

Jago Bitty 1983 Total birds 3 13.67 ').51 
Total species (7) 3 4.33 0.58 
Lesser golden-plover 3 0.67 l.l'i 
Ruddy turnstone 3 3.33 5.77 
Pectoral sandpiper 3 O.fi7 0.58 
Parasitic jaeger 3 0.67 1.15 
Long-tailed jaeger 3 1.00 o.oo 
Savannah sparrow 3 l. 33 1.15 
Lapland longspur 3 6.00 3.46 

1985 Total birds 9 51.44 29.7n 
Total species (12) 9 4.44 l. 67 
Willow ptarmigan 9 22.44 20.45 
Rock ptarmigan 9 8.33 11.05 
Lesser golden-plover 9 0.44 l. 01 
Semipalmated sandpiper 9 0.44 l. 33 
Pectoral sandpiper 9 0.44 l. Ol 
Long-tailed jaeger 9 0.44 o. 73 
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Appendix Table III. Continued. 

Habitat 

Location Year Species Sample Size Mean 2: S.D. 

VI Tussock Continued. 

Jago Bitty 1985 Short-eared owl 9 0.22 0.4!J 
Yellow wagtail 9 0.11 0. 33 
American tree sparrow 9 0.~3 1.00 
Savannah sparrow 9 l. 22 l. 92 
Lapland longspur 9 16.fi7 5.10 
Redpoll spp. 9 0.33 o. 71 

Aichilik 1984 Total birds 6 29.67 lfi. 74 
Total species (10) 6 3.67 l. 21 
Rock ptarmigan 6 5.67 13.40 
Lesser golden-plover 6 l. 50 l. 76 
Ruddy turnstone fi 1.00 l. 67 
Semipalmated sandpiper 6 l. 50 2.81 
Pectoral sandpiper 6 l. 3~ 1.97 
Long-tailed jaeger 6 0.33 0.82 
American tree sparrow 6 0.33 0.82 
Savannah sparrow 6 0.17 0.41 
Lapland longspur 6 17.67 5.43 
Redpoll spp. f, 0.17 0.41 

Aichilik 1985 Total birds 9 30.22 17.30 
Total species (16) 9 4.11 l. 83 
Red-breasted merganser 9 0.33 1.00 
Rock ptarmigan 9 2.22 3.46 
Lesser golden-plover 9 3.44 6.4n 
Ruddy turnstone 9 0.11 0.33 
Semipalmated sandpiper 9 0.78 l. 39 
Baird's sandpiper 9 0.44 l. 01 
Pectoral sandpiper 9 0.22 0.67 
Stilt sandpiper 9 0.11 0.33 
Buff-breasted sandpiper 9 0.33 0.71 
Parasitic jaeger 9 0.33 0. 71 
Long-tailed jaeger 9 0.11 0.33 
Mew gull 9 0.11 0.33 
Northern wheatear 9 O.ll 0.33 
Savannah sparrow 9 l. 89 3.10 
Lapland longspur 9 19.33 8.00 
Redpoll spp. 9 0.33 o. 7l 

Sadlerochit 1984 Total birds 6 58.00 20.01 
Total species (16) 6 6.67 1.03 
Lesser golden-plover 6 2.17 2.14 
Ruddy turnstone 6 0.83 0.98 
Semipalmated sandpiper 6 3.n7 3.8~ 
Pectoral sandpiper 6 22.83 16.81 
Dun lin fi 5.fi7 4.80 
Stilt sandpiper 6 0.17 0.41 
Buff-breasted sandpiper 6 0.17 0.41 
Long-billed dowitcher 6 0.33 0.82 
Red-necked phalarope fi 0.17 0.41 
Parasitic jaeger 6 0.83 l. 33 
Long-tRiled jaeger 6 0.17 0.41 
Arctic tern 6 0.17 0.41 
Yellow wagtail fi 0.67 l. 63 
American tree sparrow 6 0.17 0.41 
Savannah sparrow 6 0.33 0.82 
Lapland longspur 6 19.17 10.52 

1985 Total birds 12 61.33 29.35 
Total species (17) 12 5.83 l. 64 
Willow ptarmigan 12 2.67 6.24 
Rock ptarmigan 12 7.92 12.05 
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Appendix Table III. Continued. 

Location Year 

Sadlerochit 1985 

Jago Delta 1984 

Marsh Creek 1985 

Habitat 

Species Sample Size 

VI Tussock Continued. 

Black-bellied plover 
Lesser golden-plover 
Ruddy turnstone 
Semipalmated sandpiper 
Baird's sandpiper 
Pectoral sandpiper 
Buff-breasted sandpiper 
Red-necked phalarope 
Parasitic jaeger 
Long-tailed jaeger 
Arctic tern 
Short-eared owl 
Yellow wagtail 
Savannah sparrow 
Lapland longspur 

Total birds 
Total species (10) 
Lesser golden-plover 
Ruddy turnstone 
Semipalmated sandpiper 
Baird's sandpiper 
Pectoral sandpiper 
Dun lin 
Buff-breasted sandpiper 
Red phalarope 
Parasitic jaeger 
Lapland longspur 

Total birds 
Total species (8) 
Lesser golden-plover 
Semipalmated sandpiper 
Baird's sandpiper 
Pectoral sandpiper 
Buff-breasted sandpiper 
Parasitic jaeger 
Snowy owl 
Lapland longspur 

Total birds 
Total species (18) 
Green-winged teal 
Willow ptarmigan 
Rock ptarmigan 
Lesser golden-plover 
Ruddy turnstone 
Semipalmated sandpiper 
Baird's sandpiper 
Pectoral sandpiper 
Buff-breasted sandpiper 
Parasitic jaeger 
Long-tailed jaeger 
Short-eared owl 
Yellow wagtail 
American tree sparrow 
Savannah sparrOI< 
White-crowned sparrow 
Lapland longspur 
Redpoll spp. 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

6 
6 
6 
6 
6 
6 
6 
6 
6 
() 

6 
6 

9 
9 
9 
9 
9 
9 
9 

9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
g 

9 
9 
9 
9 
9 
9 
g 
q 

9 

9 
9 
g 

Mean .:!: S.D. 

0.08 
2.92 
0.50 
2.42 
0.08 
2.08 
0.75 
0.08 
0.50 
1.08 
0.08 
0.08 
0.08 
0.92 

38.33 

41.67 
4.83 
5.17 
1. 50 
1.67 
0.17 
6.33 
8.50 
0.17 
0.17 
0.33 

17.67 

28.ll 
3.00 
2.22 
0.22 
0.22 
0.44 
3.11 
0.11 
0.11 

21.67 

64.67 
9.11 
0.78 
5.44 

10.00 
1. 78 
0.11 
1. 'i6 
1. 78 
1. 00 
0.22 
0.44 
1. 22 
0.11 
2.78 
4.22 

15.33 
0.22 

14.89 
3.00 

0.20 
2.35 
1.17 
3.68 
0.29 
4.14 
1.29 
0.29 
1.17 
0.79 
0.29 
0.29 
0.29 
l. 62 

20.85 

25.87 
1. 60 
9.39 
l. 64 
2.66 
0.41 
6.15 
7. jl~ 
0.41 
0.41 
0.82 
8.73 

11.99 
0.87 
4.27 
0.44 
0.67 
0.73 
3.89 
0.33 
0.~3 

8.53 

21.52 
1.90 
1.99 
7.14 

12.51 
3.19 
0.33 
2.35 
4.97 
1.12 
0.67 
0.88 
0.97 
0.33 
2.05 
4.21 
8.99 
0.67 
6.15 
2.29 

a Mean densities and mean number of species were means of counts from all 
replicate plots in each habitat at each location during the 
post-reproductive season (see text). 

b Value in parentheses refers to total number of species observed on all 
replicate plots during the post-reproductive seaso~. 
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Appendix Table IV. Mean densities (nests/km2) of nests and mean number of 
nest in~>; bird species (species/O.lkm2)a observed on 
study plots in different habitats on the coastal plain of 
the Arctic National Wildlife Reful'(e, Alaska, 1982-1985, 
sorted by location and year. 

Habitat 

Location Year Species Sample Size Mean ~ S.D. 

II Flooded 

Okpilak 1982 Total nests 3 36.67 '5.77 
Total species (5)b 3 2.33 0.58 
Red-throated loon 3 3.33 5.77 
Pacific loon 3 3.33 5. 77 
Northern pintail 3 20.00 o.oo 
Pectoral sandpiper 3 6.67 11.55 
Glaucous gull 3 3.33 '5.77 

1983 Total nests 3 40.00 0.00 
Total species (7) 3 3.00 1.00 
Red-throated loon 3 3.33 5.77 
Pectoral sandpiper 3 6.67 11.5'5 
Red-necked phalarope 3 6.67 5.77 
Red phalarope 3 3.33 '5.77 
Parasitic jaeger 3 ·vB 5. 77 
Glaucous gull 3 3.33 5.77 
Lapland longspur 3 13.33 11. ')') 

1985 Total nests 3 66.67 '55.08 
Total species (8) 3 4.00 1.00 
Red-throated loon 3 13.33 5.77 
Brant 3 20.00 34.64 
Canada goose 3 3.33 5. 77 
Spectacled eider 3 3.33 5.77 
Red-necked phalarope 3 6.67 5.77 
Red phalarope 3 10.00 10.00 
Glaucous gull 3 6.67 11.55 
Lapland longspur 3 3.33 5.77 

Jago Delta 1984 Total nests 3 46.67 5.77 
Total species (4) 3 3.00 1.00 
Old squaw 3 3.33 5.77 
Pectoral sandpiper 3 10.00 10.00 
Red phalarope 3 10.00 0.00 
Lapland lonl'(spur 3 23.33 5.77 

1985 Total nests 3 20.00 10.00 
Total species ( 5) 3 2.00 1.00 
Northern pinte~il 3 3.33 '5.77 
Oldsquaw 3 3.33 5. 77 
Pectoral sandpiper 3 6.67 5. 77 
Long-billed dowitcher 3 3.33 5.77 
Lapland longspur 3 3.33 5. 77 

Niguanak 1985 Total nests 3 63.33 25.17 
Total species (7) 3 3.67 1. 53 
Old squaw 3 3.33 5. 77 
Rock ptarmip;an 3 3.33 5.77 
Pectoral sandpiper 3 20.00 10.00 
Long-hilled dowitcher 3 3.33 5. 77 
Red-necked phalarope 3 16.67 1"5.28 
Red phalarope 3 3.33 5.77 
Lapland longspur 3 13.33 11.55 
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Appendix Table IV. Continuerl. 

Habitat 

Location Year Species Sample Size Mean 
=-

S.D. 

III Wet Sedge 

Okpilak 1982 Total nests 3 26.67 15.28 
Total species (3) 3 1.67 1.15 
Pectoral sandpiper 3 6.67 S.77 
Long-billed dowitcher 3 3.33 5. 77 
Lapland longspur 'l 16.67 20.82 

1983 Total nests '3 40.00 20.00 
Total species (2) 3 l.li7 0.58 
Pectoral sandpiper '3 23.'33 20.82 
Lapland longspur 3 16.67 5.77 

1985 Total nests 3 23.33 ll. 'i5 
Total species ( 3) 3 l.li7 o.r:;B 
Long-billed dowitcher 1 6.n7 11.5'5 
Red-necked phalarope 3 6.67 5-77 
Lapland longspur 3 10.00 10.00 

Katakturuk 1983 Total nests l 0 
Total species (0) l 0 

1985 Total nests l 0 
Total species (0) l 0 

Jago Bitty 1983 Total nests 3 26.67 ll. 55 
Total species ( 3) 3 2.00 1.00 
Pectoral sandpiper 3 13.33 5.77 
Parasitic jaeger 3 3.33 5. 77 
Lapland longspur 3 10.00 10.00 

1985 Total nests 3 56.67 40.41 
Total species (8) 3 4.00 2.65 
Northern pintail 3 3.33 5.77 
Willow ptarmigan 3 10.00 10.00 
Rock ptarmigan 3 3.33 5.77 
Pectoral sandpiper 3 16.67 l'i.28 
Stilt c;andpioer 3 '3.33 5.77 
Red-necked phalarope 3 3.33 ').77 
Long-tailed jaeger 3 3.33 5-77 
Lapland longspur 3 13.33 S.77 

Aichili.k 1984 Total nests 3 23.33 5. 77 
Total species ( 3) 1 l. 67 0.58 
Pectoral sandpiper 1 3.33 5.77 
Long-tailed jaeger 3 3.33 S.77 
Lapland longspur 1 16.n1 5.77 

l9il5 Total nests 3 lf>. fi7 ll. 55 
Total species (3) 3 l. 67 l. S5 
Pectoral sandpiPer 3 10.00 o.oo 
Stilt sandpiper 3 3.33 5. 77 
Lapland longspur 3 3.33 ').77 

Sadlerochit 1984 Total nests 3 40.00 20.00 
Total species ( 4) 3 2.33 0.58 
Long-hilled dowitcher 3 3.33 5.77 
Parasitic jaeger 3 3.33 5.77 
Savannah sparrow 3 6.67 5.77 
Lapland longspur 3 2fi.h7 15.28 

1985 Total nests 3 60.00 0.00 
Total species (6) 3 3.33 0.58 
Pectoral sandpiper 3 20.00 10.00 
Long-billed dowitcher 1 3.33 5-77 
Red-necked phalarope 3 3.33 5.77 
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Appendix Tahle IV. Continued. 

Habitat 

Location Year Species Sample Size Mean .! S.D • 

III Wet Sedge Continued. 

Sadlerochit 198S Parasitic jaeger 3 3.33 5.77 
Savannah sparrow 3 3.33 s. 77 
Lapland longspur 3 26.67 ll. 55 

Jago Delta 1984 Total nests 3 3ii.67 1'5.28 
Total species ( 3) 3 2.33 0.58 
Semipalmated sandpioer 3 10.00 0.00 
Stilt sandpiper 3 3-33 5.77 
Lapland longs pur 3 23.33 11.55 

1985 Total nests 3 36.67 11.55 
Total species ( 4) 3 2.67 o.s8 
Lesser golden-plover 3 6.67 5.77 
Semipalmated sandpiper 3 ii. fi7 5. 77 
Buff-breasted sandpiper 3 13.33 15.28 
Laoland longspur 3 10.00 10.00 

Niguanak 1985 Total nests 3 36.67 32.15 
Total species (6) 3 2.67 2.31 
Lesser golden-plover 3 10.00 10.00 
Semipalmated sandpiper 3 3.33 5. 77 
Pectoral sandpiper 3 3-33 5.77 
Stilt sandpiper 3 3.33 5. 77 
Short-eared owl 3 3.33 5.77 
Lapland longs pur 3 13.33 ll. 55 

IV Moist Sedge 

Katakturuk 1982 Total nests 2 10.00 14.14 
Total species (2) 2 1.00 l. 41 
Rock ptarmigan 2 5.00 7.07 
Lapland longspur 2 5.00 7.07 

1983 Total nests 2 25.00 7.07 
Total species (2) 2 l. 50 0.71 
Lesser golden-plover 2 5.00 7.07 
Lapland longspur 2 20.00 0.00 

1985 Total nests 2 20.00 14.14 
Total species (2) 2 1.50 0.71 
Lesser golden-plover 2 5.00 7.07 
Lapland longspur 2 15.00 7.07 

Jago Bitty 1983 Total nests 3 33.33 5.77 
Total species (3) 3 2.00 1.00 
Lesser golden-plover 3 3.33 S.77 
Pectoral sandpiper 3 10.00 10.00 
Lapland longs pur 3 20.00 17.32 

1985 Total nests 3 36.67 S.77 
Total species (6) 3 2.67 0.58 
Rock ptarmigan 3 3-33 5.77 
Lesser golden-plover 3 3.33 5. 77 
Pectoral sandpiper 3 3.33 5.77 
Stilt sandpiper 3 3.33 5.77 
Buff-breasted sandpiper 3 3-33 5.77 
Lapland longspur 3 20.00 0.00 

Aichilik 1984 Total nests 3 30.00 17.32 
Total species (2) 3 l. 67 0.58 
Lesser golden-plover 3 10.00 10.00 
Lapland longspur 3 20.00 10.00 
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Appendix Tahle IV. Continuerl. 

Habitat 

Location Year Species Sample Size Mean .:!: S.D. 

IV Moist Sedge Continued. 

Aichi lik 198'5 Total nests 3 20.00 10.00 
Total species (2) 3 1. '33 0.58 
Lesser golden-plover ' F,.f,7 11. 5S 
Lapland longs pur 3 n.33 5.77 

Marsh Creek 1985 Total nests 3 13.33 15.28 
Total species (2) 3 1.00 1.00 
Willow ptarmigan 3 3.33 5.77 
Lapland longspur 3 10.00 10.00 

IVa Mosaic 

Okpilak 1982 Total nests 4 42.50 9.S7 
Total species (4) 4 2.50 0.58 
Lesser golden-plover 4 2.50 5.00 
Pectoral sandpioer 4 lS.OO 12.91 
Red phalarope 4 s.oo '5.77 
Lapland longspur 4 20.00 11.55 

1983 Total nests 4 40.00 8.16 
Total species ( 4) 4 2.00 1.15 
Canada goose 4 2.50 5.00 
Lesser golden-plover 4 2.50 5.00 
Pectoral sandpiper 4 12.50 15.00 
Lapland longspur 4 22.SO 1'5.00 

1985 Total nests 4 25.00 19.l'i 
Total species (4) 4 1. 75 0.96 
Lesser golden-plover 4 2.')0 s.oo 
Pectoral sandpiper 4 5.00 5.77 
Stilt sandpiper 4 2.50 5.00 
Lapland longspur 4 15.00 12.91 

Sadlerochit 1984 Total nests 3 70.00 10.00 
Total species (5) 3 4.00 1.00 
Oldsquaw 3 3.33 5. 77 
Lesser golden-plover 3 6.67 'i. 77 
Sernipalmated sandpiper ' 23.33 11.55 
Pectoral sandpiper 3 13.33 5.77 
Lapland longspur 3 23.33 5.77 

1985 Total nests 3 50.00 26.46 
Total species (4) 3 2.67 0.58 
Lesser golden-plover 3 6.67 5.77 
Sernipalmated sandpiper 3 16.67 15.28 
Pectoral sandpiper 3 3.33 '5.77 
Lapland longsour 3 23.33 23.09 

Jago Delta 1984 Total nests 3 B6.n7 30.55 
Total species (5) 3 3.'33 O.'iB 
Northern pintail 3 3.33 ').77 
Sernipalmated sandpiper 3 fi.67 '5.77 
Pectoral sandpiper 3 40.00 10.00 
Red-necked phalarope 3 '3.33 5. 77 
Lapland longspur 3 33.'33 25.17 

1985 Total nests 3 36.67 1S.28 
Total species (7) 3 '3.67 1.'53 
Northern pintaH 3 F,.fi7 5.77 
Oldsquaw 3 3.33 S.77 
Lesser golden-plover 3 3.33 5. 77 
Semipalmated sandpiper 3 3.33 5.77 
Pectoral S!indpiper 3 6.67 5.77 
Long-tailed jaeger 3 3.33 '5.77 
Lapland longspur 3 10.00 0.00 
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Appendix Table IV. Continued. 

Habitat 

Location Year Species Sample Size Mean ~ S.D. 

V Moist SedJ>:e-Shrub 

Okpilak 1982 Total nests l 10.00 
Total species (l) l l. 00 
Lapland longspur 10.00 

1983 Total nests 2 40.00 14.14 
Total species ( 4) 2 2.')0 0.71 
Northern pintail ? '5.00 7. 07 
Lesser golden-plover 2 5.00 7.07 
Pectoral sandpiper 2 5.00 7-07 
Lapland longspur 2 25.00 21.21 

1985 Total nests 2 10.00 14.14 
Total species (l) 2 1.00 o.oo 
Lapland longs pur 2 30.00 14.14 

Katakturuk 1982 Total nests l 20.00 
Total species (2) 1 2.00 
Semipalmated sandpiper 1 10.00 
Lapland longspur 1 10.00 

1983 Total nests 3 10.00 10.00 
Total species ( 3) 3 l. 00 l. 00 
Pectoral sandpiper 3 3-33 'i-77 
Savannah sparrow 3 3-33 5. 77 
Lapland longspur 3 3-13 5.77 

l98'i Total nests 3 2fi.67 11. '55 
Total species (4) 3 2.67 l.l ') 
Willow ptarmigan 3 3-33 'i.77 
Buff-breasted sandpiper 3 6.fi7 5.77 
Red-necked phalarope 3 3-33 5. 77 
Lapland longspur 3 10.00 0.00 

Jago Bitty 1983 Total nests 3 56.67 46.19 
Total species ( 4) 3 2.67 l. 53 
Willow ptarmigan 3 1-33 5. 77 
Semipalmated sandpiper 3 10.00 10.00 
Pectoral sandpiper 3 20.00 26.46 
Lapland longspur 3 23-33 ll. 55 

1985 Total nests 3 46.67 5. 77 
Total species (5) 3 3-00 1.00 
Willow ptarmigan 3 6.67 5.77 
Rock ptarmigan 3 3-33 5-77 
Lesser golden-plover 3 6.67 5. 77 
Semipalmated sandpiper 3 13-33 15.28 
Lapland longs pur 3 16.67 15.28 

Aichilik 1984 Total nests 3 30.00 17.32 
Total species ( 3) 3 l. 67 0.58 
Pectoral sandpiper 3 3-33 'i-77 
Savannah sparrow 3 3-33 5.77 
Lapland longspur 3 23.33 15.28 

1985 Total nests 3 53-33 20.82 
Total species (4) 3 2.33 0.58 
Semipalmated sandpiper 3 3-33 5.77 
Pectoral sandpiper 3 20.00 17.32 
Savannah sparrow 3 3-33 5.77 
Lapland longspur 3 26.67 ll. 55 
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Appendix Table IV. Continuerl. 

Habitat 

Location Year Species Sample Size Mean ~ S.D. 

V Moist Sedge-Shrub 

Sadlerochit 1984 Total nests :1 56.67 11.55 
Total species (4) 3 2.33 1.15 
Semipalmated sandpiper 3 16.67 15.28 
Pectoral sandpiper 3 3.33 5.77 
Red-necked phalarope 3 3.33 5.77 
Lapland longspur 3 33.33 1S.28 

1985 Total nests 3 S6.F.7 11.55 
Total spec iPs (4) 3 2.67 0.58 
Rock ptarmigan 3 6.67 11. 5'i 
Semipalmated sandpiper 3 23.33 15.28 
Long-tailed jaeger 3 3.33 5.77 
Lapland longspur i 23.33 5.77 

Jago Delta 1984 Total nests 3 50.00 10.00 
Total species ( 6) 3 3.33 1.15 
Northern pintail 3 3.33 S.77 
Semipalmated sandpiper 3 6.67 5. 77 
Pectoral sandpiper 3 6.67 5.77 
Dun lin 3 3.33 5. 77 
Buff-breasted sandpiper 3 3.33 5.77 
Lapland longspur 3 26.67 20.82 

1985 Total nests 3 46.67 15.28 
Total species (5) 3 2.67 0.58 
Northern pintail 3 3.33 5.77 
Lesser golden-plover 3 10.00 10.00 
Semipalmated sandpiper 3 3.33 5.77 
Short-eared owl 3 3.33 5.77 
Lapland longspur 3 26.67 15.28 

Marsh Creek 1985 Total nests 3 20.00 10.00 
Total species (3) 3 1. 67 1.15 
Willow ptarmigan 3 :1.33 5. 77 
Savannah sparroH 3 3.33 ').77 
Lapland lon~>;spur 3 13.33 5.77 

Niguanak 1985 Total nests 3 90.00 26.46 
Total species (5) 3 ).00 1.00 
Oldsquaw 3 3.33 ').77 
Willow ptarmigan 3 3.33 5.77 
Pectoral sandpiper 3 33.33 5.77 
Red-necked phalarope 3 3.33 5.77 
Lapland longspur 3 46.67 11.55 

VI Tussock 

Katakturuk 1982 Total nests l 20.00 
Total species (1) 1 1.00 
Lapland longspur 1 20.00 

1983 Total nests 3 i6.67 37.86 
Total species (4) 3 2.00 1. 73 
Lesser golden-plover 3 3.33 5. 77 
Semipalmated sandpiper 3 10.00 17.32 
Pectoral sandpiper 3 6.67 5.77 
Lapland longspur 3 lfi.67 15.28 

1985 Total nests 3 :16.67 37.8f> 
Total species (4) 3 2.00 1.7i 
Rock ptarmigan 3 3. 33 5.77 
Lesser golden-plover 3 10.00 17.32 
Savannah sparrow 3 6.fi7 5.77 
Lapland longspur 3 lfi. 67 ]').28 
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Appendix Table IV. Continued. 

Habitat 

Location Year Species Sample Size Mean .:: S.D • 

VI Tussock Continued. 

Jago Bitty 1983 Total nests ~ ~0.00 20.00 
Total species (6) 3 2.00 1.00 
Willow ptarmigan 3 3.33 '5.17 
Rock ptarmigan 3 3-13 5. 77 
Lesser golden-plover 3 1.33 'i.77 
Semipalmated sandpiper 3 1-13 5. 77 
Savannah sparrow 3 3.33 5.77 
Lapland longspur 3 13.31 21.09 

198'i Total nests 1 36.67 ?3.09 
Total species (4) 3 2.00 1.00 
l-lillow ptarmigan 3 3.33 ').77 
Rock ptarmigan 3 6.67 11.5'5 
Lesser golden-plover 3 ).33 ').77 
Lapland longspur 3 23.33 11.55 

Aichilik 1984 Total nests 3 36.67 30.5'5 
Total species (4) 3 2.00 1.73 
Rock ptarmigan 3 3-33 '5.17 
Lesser golden-plover 3 6.67 11.55 
Pectoral sandpiper 3 10.00 10.00 
Lapland longspur 3 16.67 15.28 

1985 Total nests 3 53.33 23.09 
Total species (7) 3 4.33 0.58 
Rock ptarmigan 3 6.67 5.77 
Lesser golden-plover 3 16.67 11.55 
Semipalmated sandpiper 3 3.33 '5.77 
Pectoral sandpiper 3 10.00 10.00 
Red-necked phalarope 3 3.33 '5.77 
Short-eared owl 3 3-33 '5.77 
Lapland longspur 3 10.00 o.oo 

Sadlerochit 1984 Total nests 3 36.67 20.82 
Total species (6) 3 2.67 l. 53 
Northern pintail 3 3 33 5 77 
Rock ptarmigan 3 3.33 '5.77 
Lesser golden-plover 3 3-33 '5.77 
Pectoral sandpiper 3 6.67 5.77 
Long-tailed jaeger 3 3.)3 5. 77 
Lapland longspur 3 16.67 1'5.28 

1985 Total nests 3 'i6.fi7 20.82 
Total species (4) 3 2.67 1.15 
Rock ptarmigan ~ 6.67 11.5'5 
Lesser golden-plover 'l 10.00 o.oo 
Pectoral sandpiper 3 6.67 11.5'5 
Lapland longspur 3 33.33 'i. 77 

Marsh Creek 1985 Total nests 3 16.67 11.'5'5 
Total species ('l) 'l l. 33 0.'58 
Willow ptarmigan 3 ~-33 '5. 77 
Lesser golden-plover 3 3.33 s. 77 
Lapland longspur 'l 10.00 10.00 

Niguanak 1985 Total nests 1 46.67 15.28 
Total species (S) 3 2.33 0.58 
Willow ptarmigan 3 3.13 5.77 
Rock ptarmigan 3 3-13 5. 77 
Lesser golden-plover 3 3.33 ').77 
Pectoral sandpiper 3 3-33 5. 77 
Lapland longspur 3 13.33 ll.'i'i 
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Appendix Table IV. Continued. 

Habitat 

Location Year Species Sample Size Mean .!. S.D. 

IX Riparian 

Okpilak 1983 Total nests 2 45.00 21.21 
Total species (4) 2 2.00 l. 41 
Ruddy turnstone 2 5.00 7.07 
Semipalmated sandpiper 2 15.00 21.21 
Lapland lon,o;spur 2 15.00 21.21 
Redpoll spp. 2 10.00 14.14 

Katakturuk 1982 Total nests 2 100.00 14.14 
Total species (6) 2 4.50 o. 7l 
Lesser golden-plover 2 10.00 0.00 
Semipalmated sandpiper 2 25.00 21.21 
Yellow wagtail 2 5.00 7.07 
American tree sparrow 2 10.00 14.14 
Lapland lon,o;spur 2 30.00 28.28 
Redpoll spp. 2 20.00 28.28 

1983 Total nests ' 53.33 30.55 
Total soecies (6) 3 3.67 l. 53 
Lesser golden-plover 3 '3-33 5.77 
Ruddy turnstone 3 3.33 5. 77 
Semipalmated sandpiper 3 13.33 ').77 
American tree sparrow 3 3-33 5.77 
Lapland longspur 3 16.67 5.77 
Redpoll spp. 3 13.33 ll. 55 

Katakturuk 1985 Total nests 3 43.33 11.55 
Total species (5) 3 3.67 1.15 
Semipalmated plover 3 3-33 '5.77 
Buff-breasted sandpiper 3 3-33 5.77 
American tree sparrow 3 3-33 5.77 
Lapland longspur 3 6.67 5. 77 
Redpoll spp. 3 13.33 5.77 

Jago Bitty 1983 Total nests 3 43.33 5. 77 
Total species (5) 3 3.00 1.00 
Northern pintail 3 6.67 5. 77 
Semipalmated plover 3 10.00 10.00 
Savannah sparrow 3 13.33 15.28 
Lapland longspur 3 10.00 10.00 
Redpoll spp. 3 3.33 5.77 

1985 Total nests 3 83.33 28.87 
Total species (8) 3 4.33 2.'i2 
Northern pint;oil 3 3-33 '5.77 
Willow ptarmigan 3 6.67 11. '55 
Rock ptarmigan 3 10.00 10.00 
Semipalmated sandpiper 3 23.33 15.28 
Short-eared owl 3 6.67 11.55 
American tree sparrow 3 3-33 5. 77 
Lapland longspur 3 26.n1 '5.77 
Redpoll spp. 3 3-33 5.77 

Aichi1ik 1984 Total nests 3 33.33 1'5.28 
Total species (6) 3 3.00 l. 73 
Lesser golden-plover 3 10.00 10.00 
Ruddy turnstone 3 3.33 5. 77 
Semipa1mated sandpiper 3 3-33 5.77 
Buff-breasted sandpiper 3 6.n7 5. 77 
Lapland longs pur 3 n.67 '5.77 
Redpoll spp. 3 3.33 5.77 
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Appendix Table IV. Continued. 

Location Year 

Aichi lik 

Sadlerochit 1984 

1985 

Jago Delta 1984 

1985 

Marsh Creek 1985 

Habitat 

Species Sample Size 

IX Riparian Continued. 

Total nests 
Total species (5) 
Lesser golden-plover 
Baird's sandpiper 
Buff-breasted sandpiper 
Lapland longspur 
Redpoll spp. 

Total nests 
Total species (6) 
Common eider 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Savannah sparrow 
Lapland longspur 

Total nests 
Total species (9) 
Rock ptarmigan 
Lesser golden-plover 
Ruddy turnstone 
Semipalmated sandpiper 
Baird's sandpiper 
Pectoral sandpiper 
Long-billed dowitcher 
Lapland longspur 
Redpoll spp. 

Total nests 
Total species (4) 
Northern pintail 
Semipalmated plover 
Ruddy turnstone 
Lapland longspur 

Total nests 
Total species (4) 
Lesser golden-plover 
Ruddy turnstone 
Baird's sandpiper 
Lapland lon~>;spur 

Total nests 
Total species (ll) 
Willow ptarmigan 
Rock ptarmigan 
Lesser golden-plover 
Ruddy turnstone 
Pectoral sandpiper 
Lon~>;-tailed jaeger 
Yellow wagtail 
American tree sparrow 
White-crowned sparrow 
Lapland longspur 
Redpoll spp. 

3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
1 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Mean ~ S.D. 

53.'\3 
2.67 

10.00 
3.33 
6.67 

10.00 
23.13 

63.33 
3.00 
3.33 
3-33 

30.00 
3.33 
3.33 

20.00 

62.')0 
4.25 
2.')0 
'i.OO 
'3.00 

17.'30 
2.50 
5.00 
2.50 

17.50 
5.00 

20.00 
l. 67 
3.33 
3.33 
6.67 
6.67 

26.67 
2.00 
3.33 

16.67 
3.33 
3.33 

70.00 
').67 
3.33 
6.67 
6.67 

10.00 
3.33 
3.33 
3.33 
3.33 

10.00 
10.00 
10.00 

25.17 
1. 53 

10.00 
5. 77 
5. 77 

17.32 
20.82 

68.07 
1. 73 
5.77 
').77 

43.59 
5. 77 
5.77 

17.32 

26.10 
0.50 
5.00 
'3.77 
5.77 

22.17 
5.00 
5.77 
5.00 
9.57 

10.00 

17.32 
l. 53 
5. 77 
5. 77 
5.77 

11. '35 

11.55 
o.oo 
').77 

11. '35 
5.77 
5. 77 

17.32 
0.58 
S.77 
5. 77 

11. '35 
10.00 

5.77 
5.77 
'3.77 
5. 77 

10.00 
10.00 

0.00 

a Mean densities and mean number of nesting species were means of counts 
from all replicate plots in each habitat at each location (see text). 

b Value in parentheses refers to total number of species observed nesting on 
all replicate plots. 
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Appendix Table V. Mean densities (birds/~m2) and mean number of species 
(species/km2)a of birds observed on 10 ha study plots 
during the reproductive season in different locations on 
the coastal plain of the Arctic NRtional Wildlife Refup;e, 
Alaska, 1982-198'5, sorted hy habitilt and year. 

Habitat Year 

Flooded 1982 

1983 

1985 

LOCATION 

Species 

Okoililk 

Total birds 
Total sPecies (17) 0 

Red-throated loon 
Pacific loon 
Northern ointRil 
Olds9uRw 
Whimbrel 
Semipillmated sandpiper 
Pectoral sandpiper 
Long-billed dowitcher 
Red-nec~ed phRlarope 
Red phalarope 
Pamsitic jae"er 
Long-tailed jaeger 
Herring gull 
Glaucous gull 
Arctic tern 
Snowy owl 
Lapland longspur 

Total birds 
Total species (17) 
Red-throated loon 
Pacific loon 
Brant 
Northern pintilil 
Oldsquaw 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Stilt sandpiper 
Long-billed dowitcher 
Red-necked phRlarope 
Red phalarope 
Parasitic jaeger 
Long-tailed jaeger 
Glaucous gull 
Short-eared oHl 
Lapland longspur 

Total birds 
Total species (22) 
Red-throated loon 
Pac i fie loon 
Brant 
Canada goose 
Northern pintRil 
Spectacled eider 
Oldsquaw 
Rock ptarmigan 
Lesser golden-plover 
SemiPalmated sandpiper 
Pectoral sandpiper 
Stilt sandpiper 
Long-billed doHitcher 
Red-necked Phillarooe 
Red phalarope 
Pomarine jaeger 
Parasitic jaeger 
Long-tailed jaeger 
Glaucous gull 
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Sample Size 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

l'i 
l'i 
1'5 
l'i 
1'5 
15 
1'5 
1'5 
l'i 
l'i 
l'i 
l'i 
l'i 
1'5 
l'i 
15 
l'i 
l'i 
1'0 
l'i 
l'i 

Mean .:!: S.D. 

i0.02 
1.08 
0.'38 
0.7'0 
o.so 
0.92 
0.58 
0.42 
8.17 
l. 42 
7.17 
3.83 
0.42 
0.75 
0.08 
2.42 
0.17 
0.17 
2.00 

32.83 
8.17 
1.17 
o."n 
0.25 
1.17 
1.2S 
0.17 
O.fi7 
8.42 
0.08 
2.42 
2.58 
2.S8 
0.67 
0.08 
s.so 
0.08 
'i.42 

lJ7.93 
9.47 
0.47 
0.33 
2.fi0 
0.33 
1.53 
o.fio 
o.fio 
0.01 
0.20 
1. i3 

l2.fi0 
1.07 
1.20 
9.27 
4.5i 
0.53 
o.fio 
0.13 
2. fi7 

19.28 
1. 78 
0.79 
1.14 
1. 73 
0.90 
2.02 
1.00 
7.9il 
1. 88 
5.89 
4.80 
o.fi7 
2.30 
0.29 
3.85 
0.58 
0.39 
1. 41 

11.29 
2.48 
1.11 
0.6'5 
O.fi2 
1.9'i 
1.60 
0.39 
0.98 
').28 
0.29 
2.71 
2.84 
2.43 
0.89 
0.29 
7.42 
0.29 
4.54 

27.07 
2.59 
0.64 
0.62 
S.lO 
0.62 
2.47 
1. 06 
0.91 
0.2fi 
0.41 
2.02 
9.08 
1. 53 
1. 57 

10.32 
5.87 
l. 06 
0.83 
0.52 
2.92 



Appendix Table V. Continuer!. 

LOCATION 

Habitat Year Species Sample Size Mean .:!. S.D • 

Okpililk Continued. 

Flooded 1985 Common raven l'i 0.07 0.?1) 
Lapland longspur l') 7.fi0 l. 92 
Redpoll spp l') 0.13 0.52 

Wet Sedge 1982 Total birds 12 15.00 7.99 
Total species <nl 12 4.08 l. 62 
King eider 12 0.17 0.58 
Oldsquaw 12 0.08 0.29 
Sandhill crane 12 0.2') 0.87 
Pectoral sandpiper 12 3.17 3.33 
Buff-breasted sandpiper 12 0.17 0.'08 
Long-hilled dowitcher 12 0.67 l. 37 
Red-necked phalarope 12 0.92 0.90 
Red phalarope 12 0.2') 0.62 
Parasitic jaeger 12 0.42 0.67 
Long-tailed jaeger 12 0.')0 0.80 
Snowy owl 12 0.17 0.58 
Short-eared owl 12 0.17 0.39 
Lapland longspur 12 8.08 4.01 

1983 Total birds 12 20.33 6.39 
Total species (ll) 12 4.08 l. 31 
Northern pintail 12 0.17 0.39 
Lesser golden-plover 12 0.17 0.39 
Pectoral sandpiper 12 n.75 3.91 
Stilt sandpiper 12 0.08 0.29 
Long-hilled dowitcher 12 l. 50 2.91 
Red-necked phalarope 12 0.92 l.lfi 
Red phalarope 12 0.08 0.29 
Pomarine jaeger 12 0.08 0.29 
Parasitic jaeger 12 0.33 0.49 
Long-tailed jaeger 12 0.17 0.39 
Lapland longspur 12 10.08 2.15 

1985 Total birds 15 16.'i3 8.16 
Total species (12) 15 3.67 l. 35 
Northern pintail 15 0.13 0.52 
Rock ptarmigan 15 0.33 0.72 
Lesser golden-plover 15 0.07 0.26 
Semipalmated sandpiper 15 0.07 0.26 
Pectoral sandpiper 15 2.27 2.87 
Stilt sandpiper 15 0.13 0.35 
Long-billed dowitcher 15 0.60 0.99 
Red-necked phalarope 15 o.8o 1.01 
Pomarine jaeger 15 0.47 0.74 
Long-tailed jaeger 15 0.33 0.72 
Snowy owl 15 0.07 0.26 
Lapland longspur 15 ll. 40 'i.OO 

Mosaic 1982 Total birds 16 23.62 8.77 
Total species (17) 16 ').63 2.13 
Northern pintail 16 0.19 0.75 
Oldsquaw 16 0.38 1.09 
Rock ptarmigan 16 0.31 0.60 
Lesser golden-plover 16 0.69 0.87 
Semipalmated sandpiper 16 0.88 0.96 
Pectoral sandpiper 16 4.50 2.97 
Buff-breasted sandpiper 16 l. 44 3.42 
Long-hilled dowitcher lfi 0.63 1.54 
Red-necked phalarope 16 l. 63 2.83 
Red phalarope 16 0.81 l. 22 
Pomarine jaeger 16 0.50 1.10 
Parasitic jaeger 16 0.31 0.79 
Long-tailed jaeger 16 0.38 0.81 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Okpilak Continued. 

Mosaic 1982 Glaucous gull 16 0.13 0.34 
Snowy owl 16 0.06 0.25 
Short-eared owl 16 0.06 0.25 
Lapland longs pur 16 11.31 3.36 

1983 Total birds Hi 26.37 7.88 
Total species (14) 16 5.06 1.71 
Northern pintail 16 1.19 2.17 
Oldsquaw 16 0.25 O.'i8 
Lesser golden-plover 16 o. :n 0.48 
Semipalmated sandoiper 16 0.38 0.50 
Pectoral sandpiper 16 6.51i 3.29 
Stilt sandpiper 16 0.19 0.54 
Long-billed dowitcher 16 0.56 0.73 
Red-necked phalarope 16 0.75 1.13 
Red phalarope 16 0.25 0.77 
Pomarine jaeger 16 0.06 0.2'5 
Parasitic jaeger 16 0.25 0.45 
Long-tailed jaeger 16 0.75 1.18 
Glaucous gull 16 0.06 0.25 
Lapland longspur 16 14.81 5.04 

1985 Total birds 20 20.70 8.75 
Total species (16) 20 4.55 1.76 
Northern pintail 20 0.15 0.49 
Oldsquaw 20 0.45 l. 23 
Rock ptarmigan 20 0.20 0.41 
Lesser golden-plover 20 0.55 0.69 
Semipalmated sandpiper 20 0.50 0.95 
Pectoral sandpiper 20 2.25 2.77 
Stilt sandpiper 20 0.55 0.89 
Long-billed dowitcher 20 0.40 l. 23 
Red-necked phalarope 20 0.75 1.02 
Pomarine jaeger 20 0.25 0.55 
Parasitic jaeger 20 0.05 0.22 
Long-tailed jaeger 20 0.30 0.57 
Glaucous gull 20 0.05 0.22 
Short-eared owl 20 0.05 0.22 
Lapland longspur 20 13.90 5.68 
Redpoll spp 20 0.20 O.fi2 

Moist 
Sedge-Shrub 1982 Total birds 4 16.50 8.27 

Total species (8) 4 3.25 1.71 
Northern pintail 4 0.25 0.50 
Willow ptarmigan 4 0.25 o.so 
Rock ptarmigan 4 0.25 0.50 
Pectoral sandpiper 4 2.25 3.8fi 
Red-necked phalarope 4 2.75 5.50 
Pomarine jaeger 4 0.50 1.00 
Long-tailed jaeger 4 0.50 0.58 
Lapland longspur 4 9.7'5 4.92 

1983 Total birds 8 17.50 8.47 
Total species (8) 8 3.'50 l. 20 
Northern pintail 8 0.13 0.35 
Lesser golden-plover 8 0.75 0.89 
Pectoral sandpiper 8 2.50 l. 41 
Long-hilled dowitcher 8 0.13 0.3'3 
Red-necked ohalarope 8 o.n 0.35 
Pomarine jaeger 8 o.n 0.35 
Long-tailed jaeger 8 1.13 1. 4S 
LaplaYld longs pur 8 12.62 9.24 
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Appendix Table v. Continuerl. 

LOCATION 

Habitat Year Species Sample Size Mean .! S.D . 

Okpilak Continued. 

Moist 
Sedge-Shrub 1985 Total birds 10 18.00 4.32 

Total species (9) 10 3.30 1. 42 
Northern pintail 10 0.20 0.63 
Willow ptarmi~an 10 0.40 o. 70 
Rock ptarmip;an 10 0.10 0.48 
Lesser ~olden-plover 10 0.50 0.85 
Pectoral sandpiper 10 0.70 0.82 
Pomarine jae~er 10 0.50 0.97 
Parasitic jaeger 10 0.40 0.70 
Long-tailed jae~er 10 0.30 0.67 
Lapland longsour 10 14.20 3.05 

Riparian 1983 Total birds 8 36.12 9.86 
Total species (14) 8 6.50 1. 85 
Northern pintail 8 0.38 1. 06 
Oldsquaw 8 0.2') 0.71 
Lesser golden-plover 8 0.88 1.13 
Ruddy turnstone 8 0.25 0.71 
Semipalmated sandpiper 8 6.75 2.60 
Baird's sandpiper 8 0.63 1. 41 
Pectoral sandpiper 8 2.13 3.04 
Red-necked phalarope 8 0.50 0.76 
Parasitic jaeger 8 0.50 0.53 
Long-tailed jaeger 8 0.38 0.52 
Arctic tern 8 0.13 0.35 
Savannah sparrow 8 1. 25 1. 39 
Lapland longspur 8 17.37 'i. 76 
Redpoll spp 8 4.75 6.07 

Katakturuk 

Wet Sedge 1983 Total birds 4 10.00 3.92 
Total species (5) 4 2.75 0.911 
Lesser golden-plover 4 0.25 0.50 
Pectoral sandpiper 4 1. 75 0.96 
Long-tailed jaeger 4 1. 00 2.00 
Lapland longspur 4 6.25 2.22 
Redpoll spp 4 0.75 1. 50 

1985 Total birds 'i 12.20 5.81 
Total species (6) 5 3.00 1.00 
Rock ptarmigan 5 0.20 0.45 
Semipalmated sandpiper 5 0.40 0.89 
Pectoral sandpiper 5 1. 20 0.45 
Long-tailed jaeger 5 1. 40 1. 52 
Lapland longspur 5 8.80 5.81 
Redpoll spp 5 0.20 0.45 

t~oist Sedge 1982 Total birds 5 7.20 4.15 
Total species (8) 5 3.40 1. 95 
Rough-legged hawk 5 0.20 0.45 
Rock ptarmigan 5 0.60 0.89 
Pectoral sandpiper 5 0.20 0.45 
Parasitic jaeger 'i o.flo 0.84 
Long-tailed jaeger 5 0.60 0.5'5 
Short-eared owl 'i 0.20 0.45 
Lapland longs our 5 4.20 2.68 
Redpoll spp 5 0.40 0.55 
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Appendix Table v. Continue<l. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Katakturuk Continued. 

Moist Sedge 1983 Total birds 8 7-13 6.88 
Total species (4) 8 2.25 1. 28 
Lesser golden-plover 8 0.88 0.83 
Semipalmated sandpiper 8 0.50 0.76 
Long-tailed jaeger 8 0.50 0.76 
Lapland longs pur 8 5.25 5.47 

1985 Total birds 10 9.00 5.94 
Total species (7) 10 ?.10 0.99 
Rock ptarmigan 10 0.20 0.42 
Lesser golden-plover 10 0.60 1. 07 
Ruddy turnstone 10 0.10 o. 3? 
Pectoral sandpiper 10 0.10 0.32 
Parasitic jaeger 10 0.20 0.63 
Long-tailed jaeger 10 0.40 0.70 
Lapland longs pur 10 7.40 4.9-, 

t1oist 
Sedge-Shrub 1982 Total birds 3 16.33 8.74 

Total species ( 8) 3 5.33 1.53 
Rough-legged hawk 3 0.33 0.58 
Rock ptarmigan 3 O.fi7 1.15 
Semi palma ted sandpiper 3 5.33 2.52 
Red-necked phalarope 3 0.33 0.58 
Short-eared owl 3 l. 00 1.00 
Yellow wagtail 3 0.67 0.58 
Savannah sparrow 3 1. 67 0.58 
Lapland longspur 3 6.33 4.51 

1983 Total birds 12 10.17 4.61 
Total species (12) 12 3.3-, 1.15 
Willow ptarmigan 12 0.08 0.29 
Rock ptarmigan 12 0.25 0.45 
Lesser golden-plover 12 0.67 1. 23 
Semipalmated sandpiper 12 0.58 0.79 
Pectoral sandpiper 12 l. 50 1. 31 
Parasitic jaep;er 12 0.08 0.29 
Long-tailed jaeger 12 0.25 0.45 
Short-eared owl 12 0.08 0.29 
Savannah sparrow 12 0.67 1.23 
Lapland longs pur 12 5.75 3.82 
Smith's longspur 12 0.08 0.29 
Redpoll spp 12 0.17 0.58 

1985 Total birds 15 12.73 4.64 
Total species (15) 15 4.33 l.ll 
Northern pintail 15 o.n 0.35 
Willow ptarmigan 15 0.9-, 1. 39 
Rock ptarmigan 15 0.80 0.94 
Lesser golden-plover 15 0.40 0.63 
Semi palma ted sandpiper l'i 0.47 0.92 
Pectoral sandpiper 15 0. 73 1.0, 
Buff-breasted sandpiper 15 o.:n 0.46 
Long-billed dowitcher 15 0.07 0.26 
Red-necked phalarope 15 0.27 0.46 
Pomarine jaeger 15 0.07 0.26 
Parasitic jaeger 15 0.07 0.26 
Long-trtiled jaeger 15 0.27 0.59 
Yellow wagtail 15 0.07 0.26 
Savannah sparrow 15 0.80 1. 61 
Lapland longs pur 15 7.40 3.96 
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Appendix Table V. Continuc,<i. 

LOCATION 

Habitat Year Species Sample Size Menn ~ S.D. 

Katakturuk Continued. 

Tussock 1982 Totctl birds 3 ?1.13 P.6fi 
Total species (10) 3 A.oo 2.65 
Northern pintail 3 0.33 O.'iil 
Rough-legged hawk 3 0.33 0.58 
Rock ptarmigan 3 0.13 0.58 
Semipalmated sandpiper 3 3.00 2.65 
Pectoral sandpiper 3 2.00 1.00 
Buff-breasted sandpiper 3 0.33 0.58 
Long-tailed jaeger 3 0.67 0.58 
Short-eared owl 3 0.33 0.58 
Savannah sparrow 3 4.33 0.58 
Lapland longspur 3 ll. 67 8. 50 

1983 Total birds 12 l4.'i0 13.96 
Total species (9) 12 3.42 2.23 
Rock ptarmigan 12 0.25 0.45 
Lesser golden-plover 12 l. ')8 1.68 
Semipalmated sandpiper 12 1.83 3.21 
Pectoral sandpiper 12 0.58 0.79 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.17 0.39 
Yellow wagtail ]_? 0.')0 1.17 
Savannah sparrow 12 1.08 1.98 
Lapland longs pur 12 8.42 7.40 

1985 Total birds 14 11.00 7.80 
Total species (13) 14 3.93 1.90 
Willow ptarmigan 14 0.79 1.05 
Rock ptarmigan 14 0.79 0.89 
Lesser golden-plover 14 0.93 0.83 
Semipalmated sandpiper 14 o. 71 1.20 
Pectoral sandpiper 14 0.21 0.58 
Pomarine jaeger 14 0.14 0.36 
Parasitic jaeger 14 0.29 0.61 
Long-tailed jaeger 14 0.14 0.36 
Short-eared owl 14 0.07 0.27 
Yellow wagtail 14 0.36 0.93 
Savannah sparrow 14 0.64 1. 74 
Lapland longspur 14 5.86 4.31 
Redpoll spp 14 0.07 0.27 

Riparian 1982 Total birds 6 41.50 8.81 
Total species (15) fi 8.17 0.41 
Rough-legged hawk fi 0.17 0.41 
Rock ptarmigan 6 0.33 0.82 
Lesser golden-plover 6 2.17 L'B 
Semipalmated plover 6 o. 67 0.')2 
Ruddy turnstone 6 0.50 O.'i5 
Semipalmated sandpiper fi 8.00 3.fi9 
Baird's sandpiper 6 0.33 0.52 
Buff-breasted sandpiper 6 0.50 1.22 
Long-tailed jaeger fi l. 33 1. 51 
Horned lark 6 0.33 0.82 
Yellow wagtail fi 2.33 1. 2l 
Water pipit 6 0.50 1. 22 
American tree sparrow 6 2.17 2.71 
Lapland longspur fi 17.83 5.64 
Redpoll spp 6 4.83 2.23 

1983 Total birds 12 42.75 ll. 81 
Total species (lfi) 12 6.75 l. 36 
Willow ptarmigan 12 0.17 0.58 
Rock ptarmigan 12 0.42 0.79 
Lesser golden-plover 12 1.17 1. 40 
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Appendix Table v. Continuerl. 

LOCATION 

Habitat Year Species Sample Size Mean .:!: S.D . 

Jago Bitty Continued. 

Riparian 1983 Semipalmated plover 12 0.33 O.fiS 
Spotted sandpiper 12 o.ofl 0.29 
Ruddy turnstone 12 0.42 0.79 
Semipalmated sandpiper 12 4.58 2.54 
Baird's sandpiper 12 0.17 0.39 
Long-tailed jaei';er 12 0.92 1.00 
American robin 12 0.08 0.29 
Yellow wagtail 12 2.SO l. 73 
American tree sparrow 12 2.83 2.66 
Savannah sparrow 12 0.08 0.29 
White-crowned sparroH 12 0.2') 0.87 
Lapland longs pur 12 24.67 10.62 
Redpoll spp 12 4.2') 3.70 

1985 Total birds l'i 63.47 8.97 
Total species (17) 15 7.93 1.83 
Rock ptarmigan 15 0.53 0.92 
Lesser golden-plover 15 l. 67 2.19 
Semi palma ted plover 15 l. 33 1.80 
Ruddy turnstone lS 0.67 1.59 
Semi palma ted sandpiper 15 10.60 3.74 
Baird's sandpiper 15 1.13 1.64 
Pectoral sandpiper 15 0.07 0.26 
Buff-breasted sandpiper l'i 0.33 0.49 
Long-billed dowitcher lS 0.07 0.26 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger l'i 0.40 0.74 
Yellow wagtail l'i 2.47 2.07 
American tree sparrow 15 l. 60 1.24 
Savannah sparrow 15 0.07 0.2i'i 
White-crowned sparrow lS o.n 0.35 
Lapland longspur 15 30.80 9.9fi 
Redpoll spp l'i 10.80 6.28 

Wet Sedge 1983 Total birds 12 12.08 4.9') 
Total species (8) 12 2.83 1.19 
Rock ptarmigan 12 0.08 0.29 
Lesser golden-plover 12 0.25 0.62 
Pectoral sandpiper 12 6.42 4.5fi 
Stilt sandpiper 12 0.08 0.29 
Red-necked phalarope 12 0.17 0.39 
Parasitic jaeger 12 0.50 0.80 
Savannah sparrow 12 0.42 1.00 
Lapland lon~>;spur 12 4.17 2.98 

1985 Total birds 15 19.13 5.69 
Total species (17) 15 6.60 1.88 
Northern pintail 15 0.07 0.26 
Oldsquaw 15 0.13 0.52 
1>1illow ptarmigan 15 l. 07 l. 0~ 
Rock ptarmip;an 15 2.33 3.13 
Lesser golden-plover 15 0.13 0.35 
Semipalmated sandpiper 1'5 0.20 0.56 
Pectoral sandpiper l'i 4.80 2. 31 
Stilt sandpiper 15 1.00 l. 00 
Long-billed dowitcher 15 0.20 0.41 
Red-necked phalarope 15 0.67 0.90 
Pomarine jaeger l'i 0.07 0.26 
Parasitic jaeger 1'5 0.47 0.74 
Long-tailed jaeger 15 1.13 l. 30 
Short-eared owl 15 0.13 0.35 
Savannah sparrow 15 0.47 0.64 
Lapland 1ongspur 15 6.13 3.ll 
Redpoll spp lS 0.13 0.52 
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Appendix Table V. Continuecl. 

LOCATION 

Habitat Year Species Sample Size Mean .!. S.D . 

Jago Ritty Continued. 

Moist Sedge 1983 Total birds 12 11.00 5.-n 
Total species ( 9) 12 2.50 0.67 
Lesser golden-plover 12 0.8~ l. ~4 
Pectoral sandpiper 12 1.00 1.28 
Pomarine jaeger 12 0.08 0.29 
Parasitic jaeger 12 0.08 0.29 
Long-tailecl jaeger 12 0.42 0.79 
Short-eared owl 12 0.08 0.29 
Savannah sparrow 12 0.08 0.29 
Lapland longspur 12 8.33 4.2'i 
Redpoll spp 12 0.08 0.29 

1985 Total birds l'i 13.13 5.04 
Total species (ll) 15 3.80 1.15 
Willow ptarmigan l'i 0.33 0.62 
Rock ptarmigan 15 l. 07 1.28 
Lesser golden-plover l'i l. 00 1.07 
Semipalmated sandpiper 15 0.07 0.26 
Pectoral sandpiper 15 0.40 0.63 
Buff-breasted sandpiper 15 o. ~3 0.62 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger l'i 0.93 l. 62 
Savannah sparrow 15 0.07 0.26 
Lapland longspur 15 8.53 2.92 
Redpoll spp l'i 0.33 0.62 

Moist 
Sedge-Shrub 1983 Total birds 12 18.92 6.92 

Total species (10) 12 'i.OO l. 41 
Olds9uaw 12 0.08 0.29 
\o/illow ptarmigan 12 l. 00 0.8') 
Lesser golden-plover 12 0.67 1.07 
Semipalmated sandpiper 12 2.00 2.13 
Pectoral sandpiper 12 2.33 2.06 
Red-necked phalarope 12 0.58 1.24 
Parasitic jaeger 12 0.33 0.89 
Long-tailed jaeger 12 0.42 0.79 
Savannah sparrow 12 l. 67 l. 83 
Lapland longspur 12 9.'50 3. 73 

l98'i Total birds 15 19.80 4.39 
Total species (17) l'i 5.87 l. 36 
Northern pintail 15 0.07 0.26 
Oldsquaw 15 0.07 0.26 
Willow ptarmigan 15 l. 93 1. 49 
Rock ptarmigan 15 0.87 1.13 
Lesser golden-plover 15 0.53 0.74 
Semipalmated plover l'i 0.07 0.26 
Semipalmated sandpiper 15 2.13 2.42 
Pectoral sandpiper 15 0.67 1.11 
Red-necked phalarope 15 0.93 l. 53 
Pomarine jaeger 15 0.87 1.92 
Parasitic jaeger 15 0.47 0.74 
Long-tailed jaeger 15 0.53 0.99 
Glaucous gull 15 0.13 0.'52 
Yellow wagtail l'i 0.13 0.35 
Savannah sparrow 15 0.73 0.96 
Lapland longspur 15 9.27 1.98 
Redpoll spp 15 0.40 0.91 

Tussock 1983 Total birds 12 9.00 5. 70 
Total species (9) 12 3.08 1. 38 
Willow ptarmigan 12 0.25 0.62 
Rock ptarmigan 12 0.42 0. 67 
Lesser golden-plover 12 0.50 0.80 
Semipalmated sandpiper 12 0.25 0.45 

213 



Appendix Table v. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .! S.D. 

Jago Bitty Continued. 

Tussock 1983 Buff-breasted sandpiper 12 0.08 0.29 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.33 0.49 
Savannah sparrow l? 1.08 1.16 
Lapland longspur 12 6.00 4.73 

1985 Total birds lS 14.80 3.0') 
Total species (lO) l'i 4.53 1. 51 
Willow ptarmigan l'i 2.73 1.16 
Rock ptarmigan 15 1. 60 1. 'iS 
Lesser golden-plover 15 0.40 0.51 
Pomarine jaeger 15 0.13 0.72 
Parasitic jaeger 15 0.20 0.41 
Long-tailed jaeger 15 0.73 0.88 
Yellow wagtail 15 0.07 0.26 
Savannah sparrow 15 O.B 1.03 
Lapland longspur 15 7.91 l. 83 
Redpoll spp 15 0.07 0.26 

Riparian 1983 Total birds 12 26.00 9.44 
Total species (ll) 12 ').25 1. 60 
Willow ptarmigan 12 0.08 0.29 
Rock ptarmigan 12 0.25 0.62 
Lesser golden-plover 12 1. 55 1. 78 
Ruddy turnstone 12 0.33 0.65 
Semipalmated sandpiper 12 2.25 1. 76 
Pectoral sandpiper 12 0.67 1.44 
Parasitic jaeger 12 0.33 0.89 
Long-tailed jaeger 12 0.42 0.67 
Savannah sparrow 12 1. 92 l. 24 
Lapland longspur 12 17.2'5 7.97 
Redpoll spp 12 0.92 l. 24 

1985 Total birds 15 27.87 6.81 
Total species (16) l'i 6.20 1. 42 
Northern pintail l'i 0.07 0.26 
Willow ptarmigan lS 0.80 1.15 
Rock ptarmigan 15 0.93 0.88 
Lesser golden-plover 15 1.27 1.67 
Ruddy turnstone 15 0.13 0.52 
Semipalmated sandpiper l'i 3.07 2.79 
Buff-breasted sandpiper 15 0.07 0.26 
Pomarine jaeger 15 0.27 0.80 
Parasitic jaeger 15 0.53 0.74 
Long-tailed jaeger l'i 0.60 1. 30 
Short-eared owl l'i 0.40 0.63 
Yellow wagtail 15 0.07 0.26 
American tree sparrow 15 0.13 0.52 
Savannah sparrow 15 2.00 1. 81 
Lapland longspur lS 16.27 ').91 
Redpoll spp 15 1.27 2.15 

Aichilik 

Wet Sedge 1984 Total birds 15 9.60 5. 72 
Total species (7) 15 2.87 1. 30 
Rock ptarmigan l'i 0.20 0.51i 
Lesser golden-plover l'i 0.3"3 0.62 
Pectoral sandpiper l'i 1.80 l.Bfi 
Pomarine jaeger 15 0.~3 1.29 
Long-tailed jaeger 15 1.13 l.liO 
Lapland longspur l'i 'i.47 4.0"3 
Redpoll spp 15 0.27 0.80 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Aichil i.k Continued. 

Wet Sedge 1985 Total birds 15 9.47 4.73 
Total species (13) 15 3-93 1. 75 
Northern pintail 15 0.07 0.26 
Gyrfalcon 15 0.07 0.26 
Willow ptarmigan 15 0.13 0.35 
Rock ptarmigan 15 o.n l. 28 
Lesser golden-plover 15 0.07 0.26 
Pectoral sandpiper 15 2.13 1.60 
Stilt sandpiper 15 0.27 0.59 
Buff-breasted sandpiper 15 0.07 0.2fi 
Pomarine jaeger 15 0.40 O.Sl 
Parasitic jaeger l'i 0.13 0.3') 
Long-tailed jaeger 15 0.87 0.92 
Lapland longspur l'i 4.40 1.84 
Redpoll spp 15 0.13 0.52 

Moist Sedge 1984 Total birds 15 10.93 7.66 
Total species (12) 15 3-53 1.41 
Rock ptarmigan 15 0.53 0.74 
Lesser golden-plover 15 l. 00 0.9~ 

Whimbrel 15 0.27 1. 03 
Pectoral sandpiper 15 0.27 0.46 
Buff-breasted sandpiper 15 0.13 0.35 
Pomarine jaeger 15 0.13 0.35 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger 15 l. 47 1.60 
Glaucous gull 15 0.07 0.26 
Common raven 15 0.07 0.26 
Lapland longspur 15 6.80 6.17 
Redpoll spp 15 0.13 0.52 

1985 Total birds 15 6.93 4.22 
Total species (ll) 15 2.67 1.54 
Rock ptarmigan 15 0.60 1.80 
Lesser golden-plover l'i 0.40 0.63 
Whimbrel l'i 0.27 l. 03 
Pectoral sandpiper 15 0.07 0.26 
Buff-breasted sandpiper 15 0.53 1.13 
Long-hilled dowitcher 15 0.13 0.52 
Pomarine jaeger 15 0.33 0.82 
Long-tailed jaeger 1'5 0.40 0.51 
Glaucous gull 15 0.07 0.26 
Lapland longspur 15 3.80 2.43 
Redpoll spp 15 0.20 0.77 

Moist 
Sedge-Shrub 1984 Total birds 15 42.40 12.43 

Total species ( l'i) 15 7.00 l. 56 
Northern pintail 15 0.27 0.59 
Willow ptarmigan 15 0.40 O.'il 
Lesser golden-plover 15 1.00 1.25 
Semipalmated sandpiper 15 0.93 l. 79 
Pectoral sandpiper 15 7.60 4.82 
Long-hilled dowitcher l'i 1.47 3.02 
Red-necked phalarope 15 1. 87 1.88 
Pomarine jaeger 15 0.60 1. 30 
Parasitic jaeger l'i 0.47 0.92 
Long-tailed jaeger 15 1. R7 l. 88 
Glaucous gull 15 0.07 0.26 
Short-eared owl 15 0.07 0.26 
Savannah sparrow 15 4.20 4.07 
Lapland longs pur 15 21.40 8.26 
Redpoll spp 15 0.40 1.12 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Aichilik Continued. 

Moist 
Sedge-Shrub 1985 Total birds 15 22.73 6.51 

Total species (17) 15 7.00 2.17 
Green-winged teal 15 0.07 0.26 
Northern pintail 15 0.40 0.63 
Golden eagle 15 0.07 0.26 
Gyrfalcon 15 0.13 0.52 
Willow ptarmigan l'i 0.73 0.80 
Rock ptarmigan 15 0.20 o.s6 
Lesser golden-plover 15 l. 47 l. 77 
Whimbrel 15 0.33 0.90 
Semipalmated sandpiper 15 0.47 0.74 
Pectoral sandpiper 15 3.80 2.6'3 
Long-billed dowitcher 15 0.47 1.13 
Red-necked phalarope l'i 0.80 0.77 
Pomarine jaeger l'i 0.60 1.12 
Parasitic jaeger 15 0.40 0.63 
Long-tailAd jaeger 15 1.00 l. 07 
Savannah soarrow 15 1.60 1.18 
Lapland longspur 15 10.20 3.32 

Tussock 1984 Total birds 15 25.93 10.98 
Total species (15) 15 5.27 2.02 
Willow ptarmigan 15 0.40 0.63 
Rock ptarmigan 15 0.80 1.15 
Lesser golden-plover 15 2.07 1.71 
Semipalmated sandpiper 15 0.07 0.26 
Pectoral sandpiper 15 4.73 2.60 
Buff-breasted sandpiper 15 0.07 0.26 
Long-billed dowitcher 15 0.60 0.91 
Red-necked phalarope 15 0.53 0.83 
Pomarine jaeger 15 0.33 0.82 
Parasitic jaeger l'i 0.07 0.26 
Long-tailed jaeger 15 0.93 l. 39 
Glaucous gull 15 0.07 0.26 
Savannah sparrow 15 0.27 0.70 
Lapland longspur 15 15.87 7.63 
Redpoll spp 15 0.13 0.52 

1985 Total birds 15 18.93 4.01 
Total species ( 16) 15 7.40 l. 68 
Northern pintail l'i 0.27 0.59 
Willow ptarmigan 15 l. 47 0.83 
Rock ptarmigan 15 2.47 l. 55 
Lesser golden-plover 15 2.13 1.25 
Whimbrel 15 0.07 0.26 
Semipalmated sandpiper 15 0.27 0.46 
Pectoral sandpiper 15 l. 80 2.04 
Long-hilled dowitcher 15 0.07 0.26 
Red-necked phalarope l'i 0.53 0.74 
Pomarine jaeger 15 0.60 1.12 
Parasitic jaeger l'i 0.53 0.64 
Long-tailed jaeger 15 0.60 0.63 
Short-eared owl 15 0.47 0.74 
Common raven 15 0.07 0.26 
Lapland longs pur 15 7.00 2.70 
Redpoll spp 15 0.60 1.18 

Riparian 1984 Total birds 15 37.67 12.53 
Total species ( 15) 15 7.27 l. 94 
Rock ptarmigan 15 0. 73 l. 03 
Lesser golden-plover 15 3.60 l. 96 
Whimbrel 15 0.13 0.52 
Ruddy turnstone l'i 2.47 2.64 
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Appendix Table v. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Aichilik Continued. 

Riparian 1984 Semi palma ted sandpiper 15 1.20 1.9~ 

Pectoral sandpiper l'i 0.47 0.92 
Buff-breasted sandpiper 15 1. 47 l. 41 
Pomarine jaeger l'i 1. 33 3.13 
Parasitic jaeger 15 0.13 0.3') 
Long-tailed jaege"" 15 3.67 3.20 
Mew gull 15 0.07 0.26 
Glaucous gull l'i 0.40 1. 30 
Savannah sparrow 15 1. 7~ 2. 71 
Lapland longspur l'i ll'i. 00 8.98 
Redpoll spp l'i 4.47 3.81 

1985 Total birds 15 23.13 6.56 
Total species (20) 15 7 .n 1. 81 
Rock ptarmigan 15 1. 67 2.29 
Lesser golden-plover 15 2.67 1.59 
Semipalmated plover 15 o.n 0.52 
Whimbrel l'i 0.07 0.2fi 
Ruddy turnstone l"i 0.40 0.74 
Semipalmated sandpiper l'i 0.60 1.12 
Baird's sandpiper 15 0.60 0.91 
Pectoral sandpiper l'i 0.27 0.59 
Stilt sandpiper 15 0.07 0.2fi 
Buff-breasted sandpiper 15 1. 33 l. 45 
Red-necked phalarope l'i 0.13 0.35 
Poma,ine jaeger 15 0.07 0.2fi 
Parasitic jaeger 15 0.13 0.3') 
Long-tailed jaeger 15 0.53 0.83 
Mew gull 15 0.20 0.56 
Glaucous gull 15 0.20 0.41 
Arctic tern 15 0.20 0.5fi 
Savannah sparrow 15 0.67 1. I.') 
Lapland longs pur 15 10.07 6.12 
Redpoll spp 15 3.13 1.92 

Sadlerochit 

Wet Sedge 1984 Total birds 15 21.07 7.95 
Total species (9) 15 4.40 1.12 
Northern pintail 15 0.07 0.26 
Oldsquaw 15 0.07 0.2fi 
Semipalmated sandpiper 15 0.27 0.46 
Pectoral sandpiper l'i 5.47 6.76 
Long-hilled dowitcher 15 o. 73 0.70 
Red-necked phalarope 15 0.93 1. 28 
Parasitic jaeger 15 0.93 0.88 
Savannah sparrow l'i 2.20 2.18 
Lapland longspur l'i 10.40 'i.78 

1985 Total birds 15 40.07 11.04 
Total. species (15) l'i 6.87 1.13 
Red-throated loon 15 0.13 0.52 
Northern pintail 15 0.27 0.59 
Oldsquaw 15 0.53 0.83 
Rock ptarmigan l'i 0.20 0.41 
Lesser golden-plover 15 0.20 0.56 
Semipalmated sandpiper 15 1.93 2.84 
Pectoral sandpiper 15 8.93 6.13 
Long-hilled dowitcher 15 0.67 0.82 
Red-necked phalarope 15 1.93 2.46 
Pomarine jaeger 15 0.13 0.35 
Parasitic jaeger 15 1. 33 l.ll 
Long-tailed jaeger l'i 0.40 0.51 
Savannah sparrow 15 'i.33 4.06 
Lapland longspur 15 17.93 5.7') 
Redpoll spp 15 0.13 O.'i2 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean :':: S.D. 

Sadlerochit Continued. 

Mosaic 1984 Total birds 15 30.33 10.91 
Total species (14) 15 6.40 l. 45 
Northern pintail 15 o.fi7 l.ll 
Oldsquaw 15 0.20 0.5fi 
Rock ptarmigan 15 0.33 0. 72 
Lesser golden-plover 15 l. 53 1.71 
Semipalmated sandpiper 15 3.20 2.01 
Pectoral sandpiper 15 4.87 2.95 
Long-hilled dowitcher 15 1.00 l. 31 
Red-necked phalarope 15 0.80 0.94 
Pomarine jaeger 15 0.40 0.91 
Parasitic jae11;er 15 0.27 0.46 
Long-tailed jaeger 15 0.33 0.62 
Savannah sparrow 15 0.13 0.35 
Lapland longspur 15 15.73 5. 73 
Redpoll spp 15 0.80 1. 78 

1985 Total birds 15 26.20 8.27 
Total species (18) 15 5.53 1. 55 
Northern pintail 15 0.07 0.26 
Oldsquaw 15 0.13 0.52 
Northern harrier 15 0.07 0.26 
Golden eagle l'i 0.07 0.26 
Rock ptarmigan 15 0.33 0.62 
Lesser golden-plover 15 0.60 0.74 
Ruddy turnstone 15 o.n 0.52 
Semipalmated sandpiper 15 3-13 2.20 
Pectoral sandpiper 15 2.27 2.02 
Long-billed dowitcher 15 0.67 l.ll 
Red-necked phalarope 15 0.47 0.74 
Red phalarope 15 0.07 0.26 
Pomarine jaeger 15 0.40 0.74 
Parasitic jaeger 15 0.33 0.49 
Long-tailed jaeger 15 0.33 0.62 
Sabine's gull 15 0.07 0.26 
Short-eared owl 15 0.07 0.26 
Lapland longspur 15 17.00 8.02 

Moist 
Sedge-Shrub 1984 Total birds 15 26.67 9.55 

Total species (14) 15 4.87 l. 36 
Northern pintail 15 0.20 0.56 
Willow ptarmigan 1'5 0.07 0.26 
Lesser golden-plover 15 0.53 1.06 
Ruddy turnstone 15 0.07 0.26 
Semipalmated sandpiper 15 2.93 2.49 
Pectoral sandpiper l'i 2.80 1.97 
Long-billed dowitcher 15 0.13 0.52 
Red-necked phalarope 15 0.67 0.98 
Parasitic jaeger 15 0.20 0.41 
Long-tailed jaeger 15 0.87 1.19 
Glaucous gull 15 0.07 0.26 
Savannah sparrow 15 0.33 0.62 
Lapland longspur 15 17.67 6.11 
Redpoll spp 15 0.13 0.35 

1985 Total birds 15 27.20 7.84 
Total species (15) 15 5.67 l. 76 
Northern pintail 15 0.33 l. 05 
Peregrine falcon 15 0.07 0.2fi 
WillO'.·I ptarmigan 15 0.27 0.59 
Rock ptarmigan 15 3.20 2.93 
Lesser golden-plover 15 0.40 0.51 
Semipalmated sandpiper 15 3.40 1.92 
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Appendix Table v. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Sadlerochit Continued. 

Moist 
Sedge-Shrub 1985 Pectoral sandpiper l'i 2.01 l. '53 

Long-hilled dowitcher l'i 0.01 0.26 
Red-necked phalarope 15 0.21 0.59 
Pomarine jaeger 15 0.13 0.:1'5 
Parasitic jaeger 15 0.01 0.26 
Long-tailed jaeger 15 1. 07 1.03 
Snowy owl 15 0.01 0.26 
Savannah sparrow 15 0.01 0.26 
Lapland lonp:spur 15 15.80 5.33 

Tussock 1984 Total birds 15 13.87 5.25 
Total species (10) 15 3.47 1.2'5 
Northern pintail 15 0.01 0.2fi 
Willow ptarmigan 15 0.07 0.26 
Rock ptarmigan 15 0.93 1.10 
Lesser golden-plover 15 0.47 0.64 
Semipalmated sandpiper 15 0.13 0.35 
Pectoral sandpiper 15 1.13 0.92 
Long-billed dowitcher 15 0.07 0.26 
Parasitic jaeger 15 0.20 O.')fi 
Long-tailed jaeger 15 0.60 0.91 
Lapland longspur 15 10.20 4.44 

1985 Total birds 1'5 20.87 4.78 
Total species 03) 1'5 5.00 1. 69 
Northern pintail 1'5 0.07 0.26 
Willow ptarmigan 15 0.13 0.35 
Rock ptarmigan 15 2.01 1.28 
Lesser golden-plover 15 1. 47 1.19 
Semipalmated sandpiper 15 0.:13 0.62 
Pectoral sandpiper 15 1. 07 1.22 
Buff-breasted sandpiper l'i 0.07 0.26 
Pomarine jaeger 15 0.20 0.41 
Parasitic jaeger 15 0.21 o.4fi 
Long-tailed jaeger 15 0.67 0.82 
Short-eared owl 15 0.13 0.52 
Savannah sparrow 15 0.20 0.56 
Lapland longspur 15 14.20 4.48 

Riparian 1984 Total birds 15 40.47 19.88 
Total species ( 21) 15 7.27 1. 33 
Common eider 15 0.07 0.26 
Oldsquaw 15 0.20 0.41 
Rock ptarmigan 15 0.07 0.26 
Lesser golden-plover 15 2.13 2.26 
Ruddy turnstone 15 1. 20 1.08 
Semipalmated sandpiper 15 8.47 5.72 
Baird's sandpiper 15 0.73 1.16 
Pectoral sandpiper 15 0.93 1.03 
Dun lin 15 0.07 0.26 
Buff-breasted sandpiper 15 0.13 0.52 
Long-billed dowitcher 15 0.01 0.26 
Red-necked phalarope 15 0.21 1.03 
Pomarine jaeger 15 0.07 0.26 
Parasitic jaeger 15 0.33 0.62 
Long-tailed jaeger 15 0.40 0.63 
Arctic tern 15 0.47 0.64 
Short-eared owl 15 0.01 0.26 
Savannah sparrow 15 1. 60 2.41 
Lapland longspur l'i 20.27 11.92 
Snow bunting 15 0.01 0.26 
Redpoll spp 15 2.87 3.44 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .! S.D. 

Sadlerochit Continued. 

Riparian 1985 Total birds 18 71.89 30.99 
Total species (26) 18 9.06 1.89 
Red-throated loon 18 O.ll 0.47 
Mallard 18 0.06 0.24 
Northern pintail 18 0.06 0.24 
Common eider 18 0.11 0.47 
Oldsquaw 18 O.ll 0.32 
Willow ptarmigan 18 0.06 0.24 
Rock ptarmigan 18 1.56 2.06 
Lesser golden-plover 18 4.11 3.55 
Semipalmated plover 18 0.06 0.24 
Whimbrel 18 0.06 0.24 
Ruddy turnstone 18 2.67 2.30 
Semipalmated sandpiper 18 11.06 5.62 
Baird's sandpiper 18 1.56 2.57 
Pectoral sandpiper 18 1.56 3.71 
Dun lin 18 0.17 0.51 
Buff-breasted sandpiper 18 l. 33 2.68 
Red-necked phalarope 18 0.06 0.24 
Pomarine jaeger 18 0.33 0.69 
Parasitic jaeger 18 0.39 o. 70 
Long-tailed jaeger 18 1.00 1.24 
Glaucous gull 18 0.22- 0.55 
Arctic tern 18 0.17 0.51 
Yellow wagtail 18 0.83 1.10 
Savannah sparrow 18 1.28 1.96 
Lapland longspur 18 39.94 25.56 
Redpoll spp 18 3.00 4.23 

Jago Delta 

Flooded 1984 Total birds 15 18.93 6.15 
Total species (14) 15 5.33 l. 50 
Common eider 15 0.07 0.26 
Oldsquaw 15 0.13 0.52 
Black-bellied plover 15 0.07 0.26 
Lesser golden-plover 15 1.00 0.93 
Semipalmated sandpiper 15 0.47 0.83 
Pectoral sandpiper 15 5.20 2.76 
Dun lin 15 0.13 0.52 
Stilt sandpiper 15 1.13 l. 51 
Long-billed dowitcher 15 0.47 0.92 
Red-necked phalarope 15 0.53 0.99 
Red phalarope 15 l. 60 l. 45 
Parasitic jaeger 15 0.13 0.35 
Long-tailed jaeger 15 0.20 0.56 
Lapland longspur 15 7.80 4.16 

1985 Total birds 15 26.00 8.24 
Total species (17) 15 6.80 1.82 
Northern pintail 15 0.40 1.12 
King eider 15 0.33 0.90 
Oldsquaw 15 0.20 0.56 
Rock ptarmigan 15 0.40 0.74 
Black-bellied plover 15 0.20 0.56 
Lesser golden-plover 15 0.07 0.26 
Semipalmated sandpiper 15 l. 33 l. 40 
Pectoral sandpiper 15 6.80 3.36 
Stilt sandpiper 15 1.07 1.44 
Buff-breasted sandpiper 15 0.47 0.92 
Long-billed dowitcher 15 2.47 4.31 
Red-necked phalarope l'i 0.'53 0.92 
Red phalarope 15 l. 93 l. 44 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean :': S.D. 

Jago Delta Continued. 

Flooded 1985 Pomarine jaeger 15 o.n 0.88 
Parasitic jaeger 15 0.60 0.83 
Long-tailed jaeger 15 0.07 0.26 
Lapland longs pur 1'5 8.40 2.69 

Wet Sedge 1984 Total birds 15 16.40 10.49 
Total species (7) 15 2.60 1. 40 
Lesser golden-plover 15 0.27 0.10 
Semipalmated sandpiper l'l 1.07 1.10 
Pectoral sandpiper 1'5 1.00 1.46 
Stilt sandpiper 15 0.33 0.62 
Buff-breasted sandpiper 15 0.13 0.52 
Long-tailed jaeger 15 0.01 0.26 
Lapland longspur l'i 13.53 8.63 

1985 Total birds 15 13.13 6.37 
Total species (10) 15 3.80 1. 61 
Rock ptarmigan 15 0.01 0.26 
Lesser golden-plover 15 0.13 1.10 
Semipalmated sandpiper 15 0.33 0.62 
Pectoral sandpiper 15 1. 87 2.23 
Buff-breasted sandpiper 15 2.00 2.00 
Red-necked phalarope 15 0.20 0.11 
Pomarine jaeger 15 1. 00 1.46 
Parasitic jaeger 15 0.33 0.49 
Long-tailed jaeger 15 0.13 0.35 
Lapland longspur 15 6.47 2.20 

Mosaic 1984 Total birds 15 31.40 12.71 
Total species (15) 15 4.73 1. 67 
Northern pintail 15 0.33 0.62 
Oldsquaw 15 0.40 0.91 
Rock ptarmigan 15 0.20 0.55 
Lesser golden-plover 15 0.'33 0.62 
Semipalmated sandpiper 15 1.73 1. 91 
Pectoral sandpiper l'l 6.67 4.94 
Stilt sandpiper 15 0.07 0.26 
Long-billed dowitcher 15 0.20 0.41 
Red-necked phalarope 15 0.60 0.74 
Red phalarope l'i 0.27 0.80 
Parasitic jaeger 15 0.27 1.03 
Long-tailed jaeger 15 0.27 0.80 
Glaucous gull 15 0.13 0.52 
Lapland longspur 15 19.73 7.82 
Redpoll spp 15 0.27 1. 03 

1985 Total birds 15 23.93 7.93 
Total species (16) 15 6.07 1.79 
Northern pintail 15 0.67 1.11 
King eider 15 0.13 0.52 
Oldsquaw 15 0.80 1. 2fi 
Rock ptarmigan 15 1. 93 3.22 
Lesser golden-plover 15 0.93 0.80 
Semipalmated sandpiper 15 0.40 0.63 
Pectoral sandpiper 15 4.60 2.32 
Dun lin 15 0.07 0.2fi 
Buff-breasted sandpiper 15 0.27 0.59 
Long-billed dowitcher 15 0.33 1. 29 
Red-necked phalarope 15 0.67 0.82 
Red phalarope 15 0.27 0.70 
Pomarine jaeger 15 0.93 1.2fl 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger 1'5 0.47 0.83 
Lapland longs pur 15 10.93 '5.59 
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Appendix Table V. Continuert. 

LOCATION 

Habitat Year Species Sample Size Mean .:': S.D . 

Jago Delta Continued. 

Moist 
Sedge-Shrub 1984 Total birds l'i 19.80 10.54 

Total species (14) 15 4.07 1.87 
Northern pintail 15 0.27 0.70 
Rock ptarmigan 15 0.27 0.46 
Lesser golden-plover 1'5 0.33 0.90 
Semipalmated sandpiper 1'5 0.87 1.13 
Pectoral sandpiper 15 2.00 1.51 
Dun lin 15 0.27 0. 70 
Buff-breasted sandpiper 15 0.33 0.49 
Red phalarope 15 0.13 0.35 
Pomarine jaeger 15 0.07 0.2fi 
Parasitic jaeger 15 0.27 0.59 
Long-tailed jaeger 15 0.20 0.41 
Glaucous gull 15 0.07 0.2fi 
Lapland lonl':spur 15 14.73 8.42 
Redpoll spp 15 0.07 0.26 

1985 Total birds 15 20.27 8.30 
Total species ( 14) l'i 5.20 l. 37 
Northern pintail 1'5 0.27 l.O'l 
Rock ptarmigan 1'5 0.60 0.74 
Lesser golden-plover 15 1.00 0.85 
Semipalmated sandpiper 15 0.93 1.28 
Pectoral sandpiper 15 3.13 2.fi4 
Dun lin 15 0.47 0.92 
Buff-breasted sandpiper 1'5 0.53 0.99 
Long-billed dowitcher 15 0.33 0.72 
Red-necked phalarope 15 0.07 0.2fi 
Pomarine jaeger 15 l. 47 2.00 
Parasitic jaeger 15 0.20 0.41 
Long-tailed jaeger 15 0.13 0.3') 
Short-eared owl l') 0.20 0.56 
Lapland longspur 15 10.93 5.04 

Riparia!'l 1984 Total birds 15 22.20 ll.40 
Total species (10) 1'5 3.73 1.10 
Northern pintail 15 0.07 0.26 
Lesser golden-plover 15 0.40 0.63 
Semipalmated plover 15 0.20 0.41 
Ruddy turnstone l'i 2.07 2.09 
Semipalmated sandpiper 15 l. 20 l. 66 
Dun lin 15 0.07 0.26 
Buff-breasted sandpiper 1'5 2.20 3.05 
Pomarine jaeger 15 0.07 0.26 
Lapland longspur 15 15.20 9.33 
Redpoll spp 15 0.67 l. 45 

1985 Total birds l'i l4.fi0 8.36 
Total species (12) 15 3.53 l. 41 
Tundra swan 15 0.07 0.26 
Oldsquaw 15 0.07 0.26 
Lesser golden-plover 15 2.00 4.fi4 
Ruddy turnstone 15 1.53 1.85 
Semipalmated sandpiper 15 0.93 l. 44 
Baird's sandpiper 15 0.13 0.35 
Dun lin 15 0.07 0.26 
Buff-breasted sandpiper 15 0.67 1.18 
Pomarine jaeger l'i O.'i3 1.06 
Long-tailed jaeger 15 0.33 0.62 
Snowy owl 15 0.13 0.35 
Lapland longs pur l'i s.n 'i.6fi 
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Appendix Table v. Continueri. 

LOCATION 

Habitat Year Species Sample Size Mean .! S.D . 

Marsh Creek 

l1oist Sedge 1985 Total birds 15 7.20 4.66 
Total species (10) 15 2.80 l.. 90 
Willow ptarmigan 1'5 0.33 0.62 
Rock ptarmigan l'i 0.47 0.64 
Lesser golden-plover l'i 0.27 0.80 
Semipalmated sandpiper l'i 0.13 0.3'i 
Pomarine jaeger 15 0.07 0.26 
Parasitic jaeger 15 0.20 0.41 
Lont>;-tailed jaeger 1'5 0.13 0.35 
Savannah sparrow l'i 0.80 l. 37 
Lapland longspur 15 4.33 2.89 
Redpoll spp 15 0.47 1.13 

Moist 
Sedge-Shrub 1985 Total birds 1'5 13.67 5.98 

Total species (12) l'i 3.67 l. 88 
Rough-legged hawk 15 0.07 0.~6 

Golden eagle 1'5 0.07 0.26 
Willow ptarmigan 1'5 l. 40 l. 68 
Rock ptarmigan 15 0.47 0.64 
Lesser golden-plover 15 0.40 0.74 
Semipalmated sandpiper 15 0.07 0.2ii 
Pectoral sandpiper 15 0.13 0.3'i 
Pomarine jaeger 15 0.20 0.41 
Parasitic jaeger 1'5 0.13 0.3') 
Long-tRiled jaeger 15 0.40 0.63 
Savannah sparrow 15 1.00 l. 46 
Lapland longspur l'i 9.27 4.59 

Tussock 1985 Total birds 15 ll. 27 5.35 
Total species (8) 15 2.87 0.92 
Willow ptarmigan 15 l. 40 l.l~ 

Rock ptarmigan 15 0.20 0.41 
Lesser golden-plover 15 0.40 0.63 
Pomarine jaeger 1'5 0.07 0.26 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger 15 0.40 1.06 
Savannah sparrow 15 0.33 0.62 
Lapland longspur 15 8.40 4.66 

Riparian 1985 Total birds 15 42.93 9.09 
Total species (19) 15 9.27 l. 67 
Willow ptarmigan 1'5 0.07 0.26 
Rock ptarmigan 15 1.13 1.29 
Lesser golden-plover 15 l. '53 J.06 
Semipalmated plover 15 0.07 0.26 
Spotted sandpiper 15 0.13 0.35 
Ruddy turnstone 15 0.80 0.94 
Semipalmated sandpiper 15 l. 47 2.'i9 
Baird's sandpiper 15 0.07 0.26 
Buff-breasted sandpiper 15 0.07 0.26 
Pomarine jaeger 1'5 0.13 0.52 
Parasitic jaeger 15 0.40 0.63 
Long-tailed jaeger 15 l. 60 0.99 
Glaucous gull 15 0.07 0.26 
Yellow wagtail 15 4.00 2.00 
American sparrow 15 3.13 2.26 
Savannah sparrow 15 4.93 4.33 
White-crowned sparrow 15 l. 60 2.23 
Lapland longspur 15 14.00 7.12 
Redpoll spp 15 7.47 4.78 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .!. S.D . 

Niguanak 

Flooded 1985 Total birds l'i 3fi.80 10.43 
Total species (18) 1') 8.87 2.4') 
Pacific loon l'i 0.13 0.52 
Tundra Swan 15 0.13 0.35 
Northern pintail 15 0.~3 0.72 
Kinp; eider 1'i 0.07 0.21) 
Oldsquaw 15 2.47 l. 64 
Rock ptarmigan 15 o.lio 0.83 
Lesser golden-plover 15 2.07 2.02 
Semipa1mated sandpiper 1') 0.87 1.13 
Pectoral sandpiper l') 7.60 3.ll 
Stilt sandpiper 15 1.87 l. 73 
Buff -breasted sandpiper 15 0.07 0.26 
Long-billed dowitcher 15 1.67 2.09 
Red-necked phalarope 1') 7.73 ').42 
Red phalarope 15 0.80 1.15 
Pomarine jaeger 1') 2.33 1.18 
Glaucous gull 15 0.07 0.26 
Arctic tern 15 0.07 0.26 
Lapland longspur 15 7.93 3.1i7 

Wet Sedge 1985 Total birds 15 17.20 6.28 
Total species (13) 15 5.20 2.31 
King eider 15 0.07 0.26 
Oldsquaw 15 0.07 0.26 
Rock ptarmigan 15 0.47 1.06 
Lesser golden-plover l'i 1.07 1.10 
Semipalmated sandpiper 15 0.53 0.99 
Pectoral sandpiper 15 2.80 l. 'i7 
Stilt sandpiper 15 0.67 0.90 
Long-billed dowitcher l'i 0.27 0.59 
Red-necked phalarope l'i 0.60 1.12 
Pomarine jaeger 15 1.80 1.08 
Parasitic jaeger 15 0.20 0.77 
Short-eared owl 15 0.40 0.83 
Lapland longspur 15 8.27 3.71 

Moist 
Sedge-Shrub 1985 Total birds l'i 22.53 6.57 

Total species (15) 1') 5.53 1.96 
Northern pintail 15 0.53 0.92 
Oldsquaw 15 0.20 0.56 
Willow ptarmigan 15 0.47 O.fi4 
Rock ptarmigan 15 0.60 0.99 
Lesser golden-plover 15 0.13 0.35 
Semipalmated sandpiper 15 0.07 0.26 
Pectoral sandpiper 15 6.20 2.31 
Stilt sandpiper 15 0.13 0.35 
Long-billed dowitcher 15 0.33 0.49 
Red-necked phalarope 15 0.67 1.05 
Pomarine jaeger 15 2.60 1.92 
Parasitic jaeger 15 0.07 0.26 
Long-tailed jaeger 15 0.07 0.26 
Short-ea,.ed owl l'i 0.40 0.63 
Lapland longspur l'i 10.07 3.83 

Tussock 1985 Total birds 15 1'3.60 5.77 
Total species (ll) 15 4.53 1.60 
Northern pintail 15 0.20 0.')6 
Willow ptarmigan 15 0.33 0.82 
Rock ptarmigan 15 1.67 l. 35 
Lesser golden-plover 15 0.53 0.83 
Pectoral sandpiper 15 0.67 1.18 
Buff-breasted sandpiper 15 0.07 0.26 
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Appendix Table V. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .!. S.D. 

Niguanak Continued. 

Tussock 19fl5 Pomarine jaeger 
Parasitic jaeger 
Long-tailed jaeger 
Short-eared owl 
Lapland longspur 

15 
l'i 
l'i 
l"i 

l'i 

2.·:n 
O.'i'l 
0.40 
0.20 
8.73 

2.2fi 
0.74 
0.6) 
0.')6 
4.42 

a 

h 

Mean densities and mean number of species were means of counts from all 
replicate plots at each location in each habitat during all census 
periods during the reproductive season. (see text) 
Value in parentheses refers to total number of species observed on all 
replicate plots during the reproductive season. 
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Appendix Table VI. 

Habitat Year 

Flooded 1982 

1983 

1985 

Wet Sedge 1982 

Mean densities (birds/km2) and mean number of species 
(species/O.lkm2)a of birds observed on 10 ha study 
plots during the post-reproductive season in different 
locations on the coastal plain of the Arctic National 
Wildlife Refuge, Alaska, 1982-1985, sorted by habitat and 
year. 

LOCATION 

Species 

Okpilak 

Total birds 
Total species (l3)b 
Red-throated loon 
Pacific loon 
Northern pintail 
Black-bellied plover 
Lesser golden-plover 
Pectoral sandpiper 
Long-hilled dowitcher 
Red-necked phalarope 
Red phalarope 
Parasitic jaeger 
Glaucous gull 
Arctic tern 
Lapland longspur 

Total birds 
Total species (12) 
Red-throated loon 
Northern pintail 
Black-bellied plover 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Parasitic jaeger 
Glaucous gull 
Lapland longspur 

Total birds 
Total species (19) 
Red-throated loon 
Pacific loon 
Northern pintail 
Spectacled eider 
Rock ptarmigan 
Black-bellied plover 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Dun lin 
Stilt sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Pomarine jaeger 
Parasitic jaeger 
Glaucous gull 
Snowy owl 
Lapland longspur 

Total birds 
Total species (5) 
Pectoral sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Parasitic jaeger 
Lapland longspur 
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Sample Size 

3 
3 
3 
'3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
'3 
3 

3 
3 
'3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
'3 

9 
g 

9 
Q 

Q 

g 

9 
9 
g 
q 

9 
9 
9 
9 
q 
9 
9 
9 
9 
9 
9 

3 
3 
3 
'3 
3 
3 
3 

Mean ~ S.D. 

49.33 
7.33 
0.33 
0.33 
0.67 
1. 33 
1. 33 

21.67 
13.33 

0.67 
0.33 
0.67 
1. 33 
1. 33 
6.00 

60.67 
7 .67· 
3.00 
0.33 
0.33 
1. 33 
0.33 

42.33 
4.00 
2.00 
0.67 
0.67 
3.67 
1. 33 

65.56 
8.11 
1. 44 
0.'33 
4.00 
0.11 
0.11 
0.33 
2.56 
2.44 

40.44 
0.11 
0.56 
1. 22 
4.11 
1. 67 
0.33 
0.33 
1. 67 
0.11 
3.78 

12.33 
3-33 
1. 67 
1. 33 
0.33 
1. 33 
1. 67 

26.63 
2.52 
0.58 
0.58 
1. l5 
1.53 
2.31 

21.13 
8.14 
0.58 
0.58 
1.15 
1.53 
2.·n 
1.73 

27.15 
1. 53 
1.00 
0.58 
0.58 
2. 31 
0.58 

19.66 
3.00 
2.00 
1.15 
1.15 
2.89 
1.53 

37.89 
'3.44 
0.88 
0.71 
7.30 
0.33 
0.33 
1.00 
4. 61 
3.32 

29.18 
0.33 
1.67 
1. 48 
3.55 
1. 87 
0.50 
0.50 
2.78 
0.33 
2.28 

5.03 
0.58 
2.08 
1. 53 
0.58 
1.15 
4.04 



Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .!. S.D • 

Okpilak Continued. 

Wet Sedge 1983 Total birds 3 9.67 3.06 
Total species (6) 3 3.33 1.15 
Black-bellied plover 3 0.33 0.58 
Pectoral sandpiper 3 4.33 2.52 
Red-necked phalarope 3 0.33 0.58 
Long-tailed jaeger 3 0.33 0.58 
Glaucous gull 3 0.33 0.58 
Lapland longspur 3 4.00 1.73 

1985 Total birds 9 9. 33 8.66 
Total species (5) 9 1. 8g 0.78 
Northern pintail g 0.56 l. 67 
Pectoral sandpiper q l. 56 1.81 
Long-hilled dowitcher 9 O.ll 0.33 
Lapland longspur g 7.00 6.04 
Smith's longspur 9 O.ll o. :n 

Mosaic 1982 Total birds 4 27.75 11.24 
Total species (6) 4 3.50 0.58 
Lesser golden-plover 4 2.50 4.36 
Pectoral sandpiper 4 4.25 1.71 
Long-billed dowitcher 4 4.25 4.92 
Red-necked phalarope 4 0.50 1.00 
Parasitic jaeger 4 0.25 0.50 
Lapland longspur 4 16.00 12.70 

1983 Total birds 4 22.75 7.41 
Total species (8) 4 5.00 1.41 
Black-bellied plover 4 0.50 0.58 
Lesser golden-plover 4 1. 50 2.38 
Pectoral sandpiper 4 11.00 2.94 
Long-hilled dowitcher 4 0.25 0.50 
Parasitic jaeger 4 0.25 0.50 
Long-tailed jaeger 4 0.50 0.58 
Glaucous gull 4 0.75 0.50 
Lapland longs pur 4 7.75 4.27 

1985 Total birds 12 16.58 10.36 
Total species (8) 12 2.58 0.79 
Rock ptarmigan 12 0.17 0.58 
Semipalmated sandpiper 12 0.25 0.62 
Pectoral sandpiper 12 3.17 1.95 
Pomarine jaeger 12 0.08 0.29 
Parasitic jaeger 12 0.08 0.29 
Long-tailed jaeger 12 0.08 0.29 
Snowy owl 12 0.08 0.29 
Lapland longspur 12 l2.fi7 10.62 

Moist 
Sedge-Shrub 1982 Total birds l 7.00 

Total species (3) l 3.00 
Pectoral sandpiper l l. 00 
Red-necked phalarope l 1.00 
Lapland longspur l 5.00 

1983 Total birds 2 28.00 2.83 
Total species (4) 2 3.00 o.oo 
Pectoral sandpiper 2 7.50 3.54 
Long-billed dowitcher 2 0.50 0.71 
Parasitic jaeger 2 1.00 l. 41 
Lapland longspur 2 19.00 1. 41 

1985 Total birds () 14.00 fi.87 
Total species (6) fi 2.17 0.98 
Rock ptarmigan fi 0.17 0.41 
Lesser golden-plover 6 0.17 0.41 
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Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .:':. S.D • 

Okpilak Continued. 

Moist 
Sedge-Shrub 1985 Pectoral sandpiper 6 l. 67 2.07 

Stilt sandpiper 6 0.50 1.22 
Long-tailed jaeger 6 0.17 0.41 
Lapland longspur 6 11.33 5.79 

Riparian 1983 Total birds 2 23.50 12.02 
Total species (6) 2 4.'30 2.12 
Pectoral sandpiper 2 2.50 0. 71 
Parasitic jaeger 2 0.50 0.71 
Glaucous gull 2 1.00 0.00 
Savannah sparrow 2 l.'iO 2.12 
Lapland longs pur 2 17.00 8.49 
Redpoll spp 2 1.00 l. 41 

Katakturuk 

Wet Sedge 1983 Total birds 1 11.00 
Total species ( 5) 1 5.00 
Rock ptarmigan 1 2.00 
Lesser golden-plover 1 3.00 
Pectoral sandpiper 1 2.00 
Long-tailed jaeger 1 1.00 
Lapland longspur 1 3.00 

1985 Total birds 2 9.50 0.71 
Total species (3) 2 2.00 0.00 
Rock ptarmigan 2 4.00 5.66 
Long-tailed jaeger 2 1.00 0.00 
Lapland longspur 2 4.50 6.36 

Moist Sedge 1982 Total birds 2 17.00 5.66 
Total species (2) 2 2.00 0.00 
Pectoral sandpiper 2 11.50 10.61 
Laplil.nd longspur 2 5.50 4.95 

1983 Total birds 2 6.00 7.07 
Total species ( 4) 2 2.00 l. 41 
Pectoral sandpiper 2 O.'iO 0.11 
Parasitic jaeger 2 l. 00 l. 41 
Long-til.iled jaeger 2 O.'iO 0.71 
Lapland longs pur 2 4.00 5.66 

1985 Total birds 4 10.')0 9.33 
Total species (3) 4 2.00 0.82 
Rock ptarmigan 4 l. 7'i 3.'>0 
Long-tailed jaeger 4 l. 25 0.96 
Lapland 1ongspur 4 7.50 '3.45 

t1oist 
Sedge-Shrub 1982 Total birds 1 12.00 

Total species (1) 1 1.00 
Lapland longspur 1 12.00 

1983 Total birds 3 ?3.67 25.42 
Total species ( 4) 3 2.00 0.00 
Pectoral sandpiper 3 1.00 l. 73 
Parasitic jaeger 3 0.33 0.58 
Savannah sparrow 3 1.00 l. 73 
Lapland long spur 3 21.33 24.83 

1985 Total birds 9 14.ll 8.67 
Total species ( 9) 9 3.56 l. 01 
Willow ptarmigan 9 l. 89 2.98 
Rock ptarmigan 9 l. 56 4.30 
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Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean :!: S.D. 

Katakturuk Continued. 

Moist 
Sedge-Shrub 1985 Lesser golden-plover 9 1.11 2.09 

Pectoral sandpiper 9 2.00 2.74 
Parasitic jaeger 9 0.33 0.71 
Long-tailed jaeger g 0.44 0.53 
Short-eared owl 9 O.ll 0.33 
Savannah sparrow g 0.22 0.44 
Lapland longspur 9 6.11 4.34 

Tussock 1982 Total birds 1 24.00 
Total species (4) 1 4.00 
Willow ptarmigan l 2.00 
Rock ptarmigan 1 l. 00 
Water pipit 1 li.OO 
Lapland longspur 1 15.00 

1983 Total birds 3 l2.1i7 12.50 
Total species (5) ~ 2.67 1.1 ') 
Rock ptarmigan ~ o.~, 0.58 
Pectoral sandpiper ' 0.33 0.')8 
Long-tailed jaeger 3 l. 33 1.'53 
Savannah sparrow 3 1.00 l.B 
Lapland longs pur 3 9.67 10.69 

1985 Total birds 9 19.78 12.36 
Total species (10) 9 3.00 0.87 
Willow ptarmigan 9 2.00 6.00 
Rock ptarmigan 9 8.78 11.30 
Lesser golden-plover 9 0.89 1.27 
Whimbrel g 0.22 o. 67 
Pectoral sandpiper 9 0.22 0.44 
Long-tailed jaeger 9 0.22 0.44 
Short-eared owl 9 0.22 0.67 
Common raven 9 0.11 0.33 
Water pipit 9 0.22 0.67 
Lapland longspur 9 6.89 3.62 

Riparian 1982 Total birds 2 35.00 9.90 
Total species (8) 2 'i.'JO 0.71 
Northern harrier 2 0.50 0.71 
Lesser golden-plover 2 0.')0 0.71 
Pectoral sandpiper 2 0.')0 0.71 
Water pipit 2 6.00 8.49 
American tree sparrow 2 4.00 5.61i 
Savannah sparrow 2 0.')0 0.71 
Lapland lonp;O'lpur 2 lli. 50 2.1;:> 
Redpoll spp 2 5.00 4.24 

1983 Total birds 3 'J9.67 12.66 
Total species (g) 3 6.33 0.58 
Rock ptarmigan 3 l. 67 0.58 
Lesser golden-plover 3 0.33 0.58 
Pectoral sandpiper 3 0.33 0.58 
Long-tailed jaeger 3 l. 67 0.58 
Yellow wagtail 3 4.33 5.13 
American tree sparrow 3 18.00 7.00 
Savannah sparrow 3 0.67 0.58 
Lapland longspur 3 25.67 11.59 
Redpoll spp 3 7.00 10.44 

1985 Total birds 7 70.71 16.03 
Total species ( 13) 7 7. 57 1.27 
Willow ptarmigan 7 1.14 2.61 
Rock ptarmigan 7 21.43 lli.06 
Lesser golden-plover 7 3.00 4.62 
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Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Si?.e Mean ~ S.D. 

Katakturuk Continued. 

Riparian 1985 Semipalmated sandpiper 7 o. 71 l. 89 
Buff-breasted sandpiper 7 0.29 0.7~ 
Long-t8iled jaeger 7 0.71 0.95 
American robin 7 0.29 0.49 
Yellow wagtail 7 3.00 1.63 
American tree sparrow 7 ~- 71 2.63 
Savannah sparrow 7 3.14 3.08 
White-crowned sparrow 7 0. 71 l. 25 
Lapland longspur 7 27.71 l'i.74 
Redpoll spp 7 4.86 3.58 

Jago Bitty 

Wet Sedge 1983 Total birds 3 9. 67 4.16 
Total species (nl 3 3.67 0.58 
Rock ptarmigan 3 0.33 0.58 
Pectoral sandpiper 3 5.00 2.00 
Long-billed dowitcher 3 0.33 0.58 
Parasitic jaeger 3 0.67 1.15 
Long-tailed jaeger 3 1.00 l. 00 
Lapland longspur 3 2.~3 1.15 

1985 Total birds 9 14.22 5.49 
Total species (10) 9 3.56 0.88 
Northern pintail 9 0.33 1.00 
Rock ptarmigan g l. 44 2.88 
Lesser golden-plover 9 0.67 l. 00 
Pectoral sandpiper 9 4.11 3-33 
Long-billed dowitcher 9 0.22 0.44 
Parasitic jaeger 9 0.89 1.54 
Long-tailed jaeger 9 0.56 1.01 
Short-eared owl q 0.11 0.33 
Lapland longspur 9 5.78 2.49 
Redpoll spp 9 0.11 0.33 

Moist Sedge 1983 Total birds 3 'i.33 1.53 
Total species (2) 3 l. 33 0.58 
Parasitic jaeger 3 0.33 0.58 
Lapland longspur 3 5.00 2.00 

1985 Total birds 9 26.78 1').11 
Total species (13) 9 6.00 2.12 
Northern pintail g 0.11 0.33 
Hillow ptarmigan 9 4.67 6.98 
Rock ptarmigan 9 7.22 6.59 
Lesser golden-plover 9 3.11 l. 76 
Pectoral sandpiper 9 2.78 3-73 
Long-hilled dowitcher q 0.11 0.33 
Red-necked phalarope 9 0.11 0.33 
Parasitic jaeger 9 0.67 l. 00 
Long-tailed jaeger 9 0.44 0.53 
Short-eared owl g O.ll 0.33 
Savannah sparrow 9 l.ll l. 76 
Lapland longspur 9 5.22 3. ?3 
Redpoll spp 9 l.ll 1.54 

Moist 
Sedge-Shrub 1983 Total birds 3 9. 67 4.62 

Total species (4) 3 3.00 0.00 
Willow ptarmigan 3 l. 67 1.15 
Lesser golden-plover 3 l. 67 l. 53 
Pectoral sandpiper 3 0.33 0.58 
Lapland longspur 3 6.00 3.61 
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Appendix Table VI. Continuerl. 

LOCATION 

Habitat Year Species Sample Size Mean .:!:. S.D . 

Jago Bitty Continued. 

Moist 
Sedge-Shrub 1985 Total birds 9 22.11 l'i.lO 

Total species (12) 9 4.22 1. 39 
Northern pintail q 0.?2 0. fi7 
Northern harrier 9 0.11 0.3~ 

Willow ptarmigan 9 9.5fi 11.02 
Rock ptarmigan 9 1. 'i6 ).24 
Lesser golden-plover q 1.11 2.98 
Pectoral sandpiper 9 2.3) 1. '50 
Long-billed dowitcher 9 0. 67 0.87 
Parasitic jaeger 9 0.11 0.)3 
Long-tailed jaeger 9 0.44 0. 73 
Short-eared owl 9 0.11 0.)3 
Savannah sparrow 9 0.11 0.33 
Lapl.and longspur 9 5.78 1.92 

Tussock 1983 Total birds 3 6.00 1.00 
Total species ( 4) ) 2.00 1.00 
Lesser golden-plover 1 0.33 0.58 
Pectoral sandpiper 1 1.00 1.73 
Long-tailed jaeger 9 0.33 0.58 
Lapland longspur 3 4.33 1.15 

1985 Total birds 9 16.33 12.02 
Total species (7) 9 2.67 1. 41 
Willow ptarmigan 9 5.67 6.46 
Rock ptarmigan 9 2.44 4.30 
Lesser golden-plover 9 0.22 0.44 
Long-tailed jaeger 9 0.11 0.13 
Common raven 9 0.33 1.00 
Lapland longs pur 9 7.00 fi.21i 
Redpoll spp q 0.56 1. 31 

Riparian 1983 Total birds 3 13.67 'i.'il 
Total species (7) 3 4.33 0.58 
Lesser golden-plover 3 O.fi7 1.1'5 
Ruddy turnstone 3 3.)3 'i.77 
Pectoral sandpiper 3 O.fi7 0.58 
Parasitic jaeger 3 O.fi7 1.1'5 
Long-tailed jaeger 3 1. 00 0.00 
Savannah sparrow 3 1. 33 1.15 
Lapland longspur 3 6.00 ~.46 

198'5 Total birds q 51.44 29.76 
Total species (12) 9 4.44 1. 67 
Willow ptarmigan 9 22.44 20.45 
Rock ptarmigan 9 8.33 11.05 
Lesser golden-plover 9 0.44 1. 01 
Semi palma ted sandpiper 9 0.44 1. 33 
Pectoral sandpiper 9 0.44 1. 01 
Long-tailed jaeger q 0.44 o.n 
Short-eared owl 9 0.22 0.44 
Yellow wagtail 9 0.11 0.33 
American tree sparrow 9 0.33 1.00 
Savannah sparrow 9 1.22 1.92 
Lapland lonp;spur q 16.67 5.10 
Redpoll spp q 0.33 0.71 

Aichilik 

Wet Sedge 1984 Total birds 6 19.')0 8.02 
Total species (4) 6 1. 67 0.52 
Willow ptarmigan 6 2.'i0 6.12 
Lesser golden-plover 6 0.67 l.fi3 
Pectoral sandpiper 6 3.50 6.12 
Lapland longs pur 6 12.83 6.74 
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Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .:!: S.D. 

Aichilik Continued. 

1985 Total birds 9 7.22 4.27 
Total species (6) 9 2.22 l. 09 
Willow ptarmigan 9 0.11 0.33 
Rock ptarmigan 9 3.33 4.64 
Whimbrel 9 O.ll 0.33 
Pomarine jaeger 9 0.33 0.50 
Long-tailed jaeger 9 0.22 0.44 
Lapland longs pur 9 3.11 2.47 

Moist Sedge 1984 Total birds 6 32.')0 25.19 
Total species ('i) 6 2.50 l. 05 
Rock ptarmigan 6 2.'10 fi.l2 
Lesser golden-plover 6 l. fi7 4.08 
Pectoral sandpiper (j lO.'iO 8.4fi 
Lonp;-tailed jaeger 6 0.')0 0.84 
Lapland lonp;spur fi 17.33 14.33 

1985 Total birds 9 10.67 7.2') 
Total species (f)) 9 2.22 l. 39 
Rock ptarmigan 9 1. 33 2.40 
Black-bellied plover 9 0.44 1. 33 
Lesser golden-plover 9 2.fi7 4.09 
Buff-breasted sandpiper g 0.22 0.67 
Long-tailed jaeger 9 0.22 0.44 
Lapland longs pur g ').78 2.'19 

Moist 
Sedge-Shrub 1984 Total birds 6 46.fi7 5.75 

Total species (fi) fi 3.33 0.82 
Northern pintail f) 0.33 0.82 
Willow ptarmigan fi 4.n7 7.47 
Pectoral sandpiper 6 19.50 3.62 
Parasitic jaeger 6 0.')0 0.84 
Long-tailed jaeger fi 0.50 0.5'5 
Lapland longspur fj ?1.17 3.87 

198'5 Total birds 9 32.7R 10.81 
Total species (12) g 'i.ll 2.32 
Northern harrier 9 O.ll 0.33 
Willow ptarmigan 9 4.56 fi.82 
Lesser golden-plover 9 2.22 4.1'1 
Whimbrel g O.ll 0.33 
Semipalmated sandpiper 9 0.44 l. 01 
Pector"tl sandoiper 9 10.44 s.8'i 
Long-billed dowitcher 9 0.5fi o. 73 
Parasitic jaeger g o.sr; O.T~ 

Long-tailed jaeger g 0.22 O.fi7 
Short-eared owl g O.ll 0.33 
Savannah sparrow q 1. 22 l. 73 
Lapland longs pur 9 11.78 3.90 

Tussock 1984 Total birds 6 32.00 11.05 
Total species (fj) 6 3.33 1.21 
Willow ptarmigan 6 4.33 5.83 
Lesser golden-plover 6 0.50 0.84 
Pectoral sandpiper 6 8.83 4.02 
Parasitic jaeger 6 0.17 0.41 
Long-tailed jae!';er 6 0.50 0.5'5 
LaPland longspur 6 17. fi7 fi.o6 

1985 Total birds 9 21.00 6.18 
Total species (10) 9 4.44 1.13 
Green-winged teal 9 0.11 0.33 
Willm~ ptarmi!';an 9 4.2? 4.')2 
Rock ptarmip;an 9 2.00 2.69 
Lesser golden-plover g 2.33 3.3'i 
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Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean 
=-

S.D. 

Jago Bitty Continued. 

Tussock 1985 Pectoral sandpiper 9 3.56 2.74 
Stilt sandpiper 9 O.ll 0.13 
Long-billed dowitcher 9 0.22 0.411 
Pomarine jaeger 9 0.22 0.44 
Long-tailed jaeger 9 0.44 1.01 
Lapland longsour 9 7.78 4.27 

Riparian 1984 Total birds li 29.fi7 lfi.74 
Total species (10) f, 7,.67 l. 21 
Rock ptarmigan 6 ').67 n.4o 
Lesser golden-plover 6 1. '50 1. 7fi 
Ruddy turnstone 6 1.00 1.67 
Semipalmated sandpiper 6 1.50 2.81 
Pectoral sandpiper 6 Li'l 1.97 
Long-tailed jaeger 6 0.33 0.82 
American tree sparrow 6 0.31 0.82 
Savannah sparrow li 0.17 0.41 
Lapland longs pur li l7.fi7 s.1n 
Redpoll spp 6 0.17 0.41 

1985 Total birds 9 30.22 17.30 
Total species (lli) q 4.ll l. 83 
Red-breasted merganser q 0.33 1.00 
Rock ptarmigan 9 2.22 3.4fi 
Lesser golden-plover 9 3.44 6.46 
Ruddy turnstone q 0.11 0.33 
Semipalmated sandpiper 9 0.78 l. 39 
Baird's sandpiper 9 0.44 l.Ol 
Pectoral sandpiper 9 0.22 0.67 
Stilt sandpiper 9 O.ll 0.33 
Buff-breasted sandpiper g 0.33 0.71 
Parasitic jaep;er g 0.33 0. 71 
Long-tailed jaeger 9 O.ll 0.33 
Mew gull 9 O.ll 0.33 
Northern wheatear q O.ll 0.33 
Savannah sparrow q 1.89 3.10 
Lapland longspur g 19.33 8.00 
Redpoll spp 9 0.33 0. 71 

Sadlerochit 

Wet Sedge 1984 Total birds li 26.83 8.45 
Total species ( 3) fi 2.33 0.52 
Pectoral sandpiper li 21.00 9.2'> 
Parasitic jaeger 6 o.so 0.84 
Lapland longs pur 6 5.33 2. 73 

1985 Total birds g 2'1.00 2'i.98 
Total species (8) 9 ?.44 1.24 
Northern pintail 9 0.33 l.OO 
Willow ptarmigan q 1. 67 5.00 
Pectoral sandpiper Q 5.ll 10.4'1 
Long-billed dowitcher q O.'J'l 0.50 
Parasitic jaeger q O.ll 0.13 
Short-eared owl q O.ll 0.33 
Savannah sparrow 9 l. 56 1.88 
Lapland longs pur Q 15.78 15.83 

Mosaic 1984 Total birds 6 19.83 17.78 
Total species (7) fi 3.17 1.17 
Northern pintail 6 l. 33 3.27 
Rock ptarmigan 6 2.83 6.01 
Lesser golden-plover 6 1.17 l.SO 
Pectoral sandpiper fi 3.00 2.37 
Long-hilled dowitcher 6 0.17 0.41 
Long-tailed jaeger 6 0.17 0.41 
Lapland longs pur fi 11.17 7.00 
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Appendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .:!: S.D. 

Sadlerochit Continued. 

Mosaic 198'5 Total birds 9 23.11 8.43 
Total species (11) 9 3.R9 1.27 
Northern pintail q 0.33 0.71 
Rock ptarmigan q 0.11 o. ::n 
Lesser golden-plover q 0.33 0. 71 
Semipalmated sandpiper q 0.22 0.44 
Pectoral sandpiper 9 li.44 5.41 
Long-hilled dowitcher g o. 33 0. 71 
Red-necked phalarope q 0.33 0.50 
Parasitic jaeger 9 0.22 0.44 
Long-t"liled jaeger 9 0.11 0.33 
Snowy owl 9 0.22 0.44 
Lapland longspur 9 13.33 6.75 

Moist 
Sedge-Shrub 1984 Total birds 6 17.67 13. 3'5 

Total species (')) 6 2.67 0.82 
Northern pintail f) 0.17 0.41 
Lesser golden-plover 6 0.67 1.63 
Pectoral sandpiper 6 4.17 5.23 
Long-tailed jaeger 6 0.67 0.52 
Lapland longspur 6 12.00 9.86 

198'5 Total birds 9 29.00 11.32 
Total species (12) 9 4.22 1.39 
Northern pintail q 0.33 0.71 
Willow ptarmigan q 1.56 4.1i7 
Rock ptarmigan 9 4.00 9.29 
Lesser golden-plover 9 0. 41• 0.73 
Semipalmelted sandpiper q 0.33 1.00 
Pectoral sandpiper g 2.7R 2.77 
Buff-breasted sandpiper 9 0.44 l. 33 
Long-bjlled dowitcher q 0.11 0.33 
Red-necked phalarope 9 0.33 0.50 
Parasitic jaeger q 0.11 0.33 
Long-tailed jaeger 9 0.78 0.83 
Lapland lonp;spur 9 17.78 6.53 

Tussock 1984 Total birds 6 23.67 17.04 
Total species (6) 6 2.33 l. 03 
Willow ptarmigan f) 4.17 li.6') 
Rock ptarmigan 6 7.1i7 12.03 
Lesser golden-plover 6 0.17 0.41 
Pectoral sandpiper 6 0.17 0.41 
Long-tailed jaeger 6 0.33 0.52 
Lapland longs pur 6 11.17 5.8'5 

198') Total birds q ll.li7 5.27 
Total species (7) 9 2.')6 1.13 
Willow ptarmigan g 0.22 0.44 
Rock ptarmigan g 2.78 4.41 
Pectoral sandpiper 9 0.33 0. 71 
Stilt sandpiper q O.ll o.:B 
Long-tailed jaeger g o. ::n 0.71 
Short-eared owl g O.ll 0.33 
Lapland longs pur g 7.78 4.38 

Riparia!"l 1984 Total hirds li ')8.00 20.01 
Total species (16) 6 6.67 1.03 
Lesser golden-plover F, 2.17 2.14 
Ruddy turnstone (, 0.83 0.98 
Semi palma ted sandpiper 6 3.67 3.83 
Pectoral sandpiper 6 22.83 lli.Rl 
Dunlin 6 ').67 4.80 
Stilt sandpiper F, 0.17 0.41 
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i\ppendix Table VI. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .:!: S.D • 

Sadlerochit Continued. 

Riparian 198~ Buff-breasted sandPiPer 0.17 0.41 
Long-bi.lled dowitci-Jer li o.·n 0.8;> 
Red-necked p'1alaroPe I) 0.17 0.4L 
Parasitic jaeger f, 0.83 l. 31 
Long-ted led jaeger F, 0.17 0.4l 
Arctic tern F, 0.17 0.4] 
Yellow Hagtail F, 0.h7 1. n3 
American tree sparrow li 0.17 0. 41. 

Savannah sparroH ~ o.·n 0.8;> 
Lapland longs pur F, 19.17 10.'02 

198'5 Total birds 12 61.33 29.3'5 
Total species (17) 12 ').83 l. fi4 
VIi llow ptarmigan 12 2J,7 ii.2!l 
Rock ptarmig;m L' 7.92 12.0') 
Black-bellied plover l? 0.08 0.29 
Lesser golden-plover 12 2.92 2.3'5 
Ruddy turnstone 1? O.'iO 1.17 
Semipa1mated sandpiper 12 2.42 3.1i8 
Baird's sandpiper l? 0.08 0.29 
Pectoral sCJ.ndpi.per 12 2.08 4.14 
Buff-breasted sandpiper l? 0.1') l. 29 
Red-necked phalarope 12 0.08 0.29 
Parasitic jaeger 12 0.')0 1.17 
Long-tailed jae~<;er 12 l. 08 0.79 
Arctic tern 12 0.08 0.29 
Short-eared owl 12 o.o.~ 0.29 
Yellow wagtRil 12 0.08 0.29 
Savannah sParro~o~ 12 0.92 l.fi2 
Lapland longs pur 12 '<8. 13 20.85 

Jago Delta 

Flooded 1984 Tot"!l birds 6 18.67 6.83 
Total species (7) fi 3.')0 1.05 
Pectoral sandpiper 'i 6.83 5.l'i 
Stilt .<sandpiper 6 0.33 0.82 
Long-billed dO'•Ii tcher e, 0.81 l. 33 
Red phalarope 6 l. fi7 2.34 
Parasitic jaeger 6 0.50 1.22 
Glaucous gull li 0.17 0.41 
Lapland longs pur 6 8.11 1.0'3 

1985 Total birds 9 30.5fi 7.28 
Total species ( l 'i) 9 fi.67 l.'iO 
King eider 9 0.11 0.33 
Black-bellied olover ? 0.78 l. 99 
Lesser golden-plover 9 l. 33 1.73 
Semi palma ted sandpiper 9 l. 67 l. 87 
Pectoral sandpiper 9 12.67 3. qlj 

Dun lin q o.'in 1.13 
Stilt .qandpiper q l. 4'< l.Sl 
Buff-breasted sandpiper q 0.11 0.33 
Long-billed dowitcher q 1.89 2.52 
Red-necked pllalarope q 0.44 l. Ol 
Red phalarope 9 4.11 4. ')!< 

Pomarine jaeger q 0. 411 0.53 
Parasitic jaeger 9 0.33 1.00 
Snowy OHl q 0.13 l.OO 
LaplaYJd longs pur 9 4.13 1. 94 

Wet Sedp;e 1984 Toteil birds f, 39.83 l8.81i 
Total species (g) 6 4.11 1.17 
Lesser p;olden-olovPr h 2.:B '<.'iO 
Semipalmated sandpiper fi 1.00 1.10 
Pectoral sandPiper f, 17.13 20.2'1 
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App<e"1dix Tcthl~ 'JI. Conti.nue-j. 

LOCATION 

Habitat Year Species .Sample Size ~~e~n .:: S.D. 

Ja~o Delta Continued. 

Wet Sedr;e 1984 Dtlnlin 6 0.17 0.41 
Stilt .sandpioer li 0.17 o. 41 
Buff-breasted sandpipeer F, n.·:n o.s2 
Red phalarope h 0.17 0. 4J 
Lono:-t;o_ilerl jaep;eer h 0.17 0. 41 
Lowland longs pur A 18.00 R. 72 

1 98'0 Tot2.l bi_rds ~ fi.Ro ?.7fJ 
Total speciP.'< ( 7) q 2.0:) O.R7 
Rock ptarmig;Rn q O.h7 ?.00 
Lesser golden-plover 9 0.11 0.33 
Pectoral sandpiper 0 0.56 l.:n 
Ruff-breasted sandpio_.,r g 0.22 O.fi7 
Pomarine jaeg;er 9 0.,, 0.'00 
Snowy 0\Vl 9 0.11 0.33 
LRpland longs pur a 4.89 l. 76 

Mosaic 1984 Total birds 6 32. fi7 ll. 41 
Total species (7) 6 4.00 l. 26 
Northern pintail h o.·:n 0.<;2 
OldsquaH 6 0.17 0.41 
Rock ptarmigan 6 l. 00 2.4~ 

Lesser golden-olover fj l. 33 l. 97 
Pectoral sandpiper 6 12.67 8.85 
Long-billed doHitcher 6 l. 33 Ln 
Laoland longs pur f, 14.83 7.'i7 

1985 Total birds 9 26. fJq 22. f,'( 
Total species (12) 9 4.22 2.17 
Northern ointRil q 0.44 l. 33 
OldsquaH 9 0.56 l.li7 
Rough-legged haHk q O.ll 0.33 
Rock ptarmigan q 10.22 23.90 
Lesser golden-clover q 0.11 0.33 
Pectoral sandpiper g 'i.h7 2.18 
Buff-breasted sandpiper q 0.11 o.·n 
Long-billed doHitcher g 0.67 1.1? 
Pomarine jaep;er 9 o. ~7 0. 71 
Long-til.iled jaeger 9 0.56 l. 01 
SnoHy 01-11 g O.ll 0.33 
Lapland lonr;spur 9 7.n7 4.09 

Moist 
Sedge-Shrub 19811 Total. birds 6 35.83 9.no 

Total soecies (fi) " 3.33 0.82 
Rock ptarmigan fi 0.33 0.')2 
Lesser golden-plover 6 2.83 3.19 
Pectoral sandoiper 6 7.67 5.92 
Parasitic jaeger .'i 0.17 0.41 
Lonr,-tail<>d jaeger F, 0.17 0.41 
Lapland longs pur f, 24.1)7 1'0.42 

1985 Total birds 9 11.00 fi.28 
Total species (f,) g 2. 78 0.97 
Lesser golden-plover 9 0.22 0.44 
Pectoral sandpiper 9 l. 00 2.29 
Buff -breasted sandoiper q 0.22 0.44 
Pomarine jaeger 9 l. 22 0.67 
Snowy 0\Vl g 0.11 0.13 
Laplar~d longs pur q 8.22 n.1o 

Riparian 1084 Total birds f, 41. fi7 27.87 
Tot'll species ( 10) h 4.8< 1 .flo 
Lesser golden-plover fi 5.17 9.39 
Ruddy turnstone fi l. '00 l. 6!J 
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ApPen<iix T.1'>l e VT. r:ont inu<?rl. 

LOCATION 

Habitat Year Species Sample Size Mean .!. S.D • 

JClgO Delta Continue<i. 

Ripari<'ln lo81~ Semipalmated s<'!ndpiPer f) l. fi7 2.fih 
Baird's sandPiPer fi 0.17 0.41 
PectorRl sandpiper f, h.)'l 6.1') 
Dun] ir~ ~ 8.'50 7.14 
Fluff -breasted sandpipcer s 0.17 0.41 
Red phalarope li 0.17 0.41 
Parasitic jC!eger F, 0.11 0.8;:> 
Lapland longs pur fi 17. fi7 8.71 

108') Total bi.rds q 28.11 ll.QQ 
Tot<1l species (8) q 1.00 0.87 
Lesser golden-nlover q 2.?2 4.27 
Semipalmated sandPiPer q 0.?2 0.44 
Baird's sandpiper q 0.22 O.fi7 
Pectoral sandpiper q 0.44 (). 71 
Buff-breasted sandpiper g i.ll 3.80 
Paras it tc jaeger g 0.11 0.33 
Snowy owl q 0.11 0.13 
L<1pland longs pur q 21. F.7 Fl.'i1 

Marsh Creel< 

Moist Sedge 1985 Total birds q 8.11 8.33 
Total species (8) q 2.00 l. ()() 

Willm-1 ptarmigan g l. 5/) 2.1'i 
Rock ptarmigan g 4.11 7.8() 
Lesser golden-plover 0 0.22 O.fi7 
Pector<1l sandpiper g 0.11 0.33 
Long-tailed jaev,er g 0.22 0.44 
Short-eared owl q 0.22 O.ii7 
Sav<1nnah sparrow 0 O.ll 0.11 
LaplC!nd longs pur q 1. ')f) 2.oG 

~1oist 

Sedge-Shrub 198'i Tot<1l birds g 2'i.'i6 l6.iq 
TotRl species (8) 0 2.n7 0.87 
Willow ptarmigan g 6.67 7.70 
Rock ptarmigan g 1. 44 4.13 
Pectoral SC!ndPiper g O.'iF, l. '13 
Pomarine jaeger q 0.44 L'n 
Parasitic jaev.er g O.ll 0.13 
Long-tailed jaeger q 0. 41~ 0.'11 
Savannah sparrow g 0.22 0.67 
LaPland longs pur 0 l'i.fi7 1).'14 

Tussock loBS Total birds 0 8.00 ').fi8 
Total species (fi) 9 2.11 l. O'i 
Willow ptarmigan q 1.44 5.?2 
Rock ptarmigan q O.ll 0.1'1 
Lesser golden-plover 9 0.?2 0.44 
Pectoral sandpiper q O.ll 0.)3 
Long-tailed jaeger g 0.)3 o.so 
Lapland longs pur g 3.78 2.)q 

Riparia'l 1085 Total birds 0 fi4.fi7 21.52 
Total species (18) 9 9.11 l. 90 
Green-wino:ed teal 9 0.78 1. gg 

Willow ptarmigan g '5.44 7.14 
Rock Ptarmigan g 10.00 12.')1 
Lesser ~>;olden-plover 0 l. 78 3.10 
Ruddy turnstone g 0.11 0.33 
Semi palma ted sandpiper 0 l. S6 2.3'i 
Baird's sandpiper g l. 7fl 4.07 
Pectoral sandpiner g 1. 00 l.l2 
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Appe~dix Table VI. Continued. 

Habitat 

Riparian 

Flooded 

Wet Sedge 

Moist 
Sedge-Shrub 

Tussock 

Year 

1985 

1985 

1985 

1985 

LOCATION 

Species .Sample Size 

Marsh Creek Contin~ed. 

Buff-breasted sandpioer 
Parasitic jaegPr 
Long-tailed jaeger 
Short-eared owl 
Yellow wagtail 
American tree sparrow 
Savannah sparrow 
White-crowned sparrow 
Lapland lonp;spur 
Redpoll spp 

l'liguana!: 

Total birds 
Total species (l~) 

Pacific loon 
Norther~ pintctil 
Rock ptarmigan 
Lesser golden-olover 
Semipalmated sandpiper 
Pectoral sandpiper 
Stilt sandpiper 
Long-0illed dowitcher 
Red-necked phalarope 
Red phillarope 
Pomarine jaell;er 
Short-eared owl 
Lapland J.ongspur 

Total birds 
Total species (fi) 

Lesser golden-plover 
Pectoral sandpiper 
Red-necked phalaroPe 
Pomarine jaeger 
Long-tailed jaeger 
Lapland lono;spur 

Total birds 
Total species (7) 
Rock ptarmigan 
Pectoral sandoiper 
Stilt .'landpiper 
Red-necked phalarope 
Pomarine jaeger 
Short-eared 01•11 

Lapland lon,o:spur 

Total birds 
Total species (10) 
',Ji11ow ptarmig;,.n 
Rock ptRrmigan 
Lesser golden-plover 
Pectoral sandpioer 
Lon~-hilled dowitcher 
Pomarine jael';er 
Lonl';-tailed jaP.ger 
Short-eared owl 
Common r8ven 
Lapland longspur 

g 

9 
9 
9 
g 

9 
9 
9 
9 
9 

q 

C) 

9 
9 
9 
9 
g 

9 

9 
q 

9 
9 
q 
g 

g 

q 

9 
q 

g 
q 

9 
q 

9 

g 

9 
9 

9 
9 
q 

9 
g 
q 

9 
g 
q 

9 
q 

9 
9 

9 
g 

9 
q 

0 

Mean ~ S.D. 

0.22 
0.44 
1.22 
O.ll 
2.73 
4.22 

1').~3 

0.?2 
14.89 

3.00 

32. Sfi 
h.fi7 
0.22 
1. 78 
O.ll 
0.89 
0.11 

16.44 
0.89 
1. 78 
2.89 
0.33 
1. 56 
0.11 
').44 

7 .ll 
2.78 
0.~3 

I. 'iii 
0.22 
1.11 
0.11 
3.89 

2fi.OO 
4.11 
1.89 
4.11 
O.'ifi 
0.11 
1. 44 
0.78 

l 7 .ll 

7.44 
~.11 
0.2? 
O.Sfi 
O.fi7 
0.22 
o. ll 
0.33 
O.fi7 
0.22 
0.11 
lj. 33 

0.67 
0.88 
0.97 
0.11 
?.0') 
4.21 
8.99 
O.fi7 
fi.l'i 
2.29 

19.09 
LV 
o.n7 
3.49 
0.33 
l. 3'i 
0.33 

17.21 
1.05 
l. 48 
3.02 
0.50 
0.53 

o." 
2.65 

?.fi? 
l. 20 
0.71 
l. 59 
0.~4 

0.78 
0.33 
2. 71 

16.90 
l. 27 
3.22 
3.10 
1.13 
0.31 
0.73 
l. 30 

14.79 

2. 211 

l. 05 
O.A7 
l. 33 
LV 
0.44 
0.13 
0.50 
l. 00 
o. 4·'1 
0.33 
1. 87 

a Mean densities and mean numbP.r of species were mea!'ls of counts from all 
replicate plots at each location in each habitat rluri!'lr; thr 
post-reproductivP. season (sP.e text). 
Value in oarP.ntheses refers to totRl number of species observed on Rll 
replicate plots during the post-reoroductive seaso~. 
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Anpendix Table VII. Mean densities (nests/km2) of nests and mean number of 
nestinfl: bird species (soecies/O.lkm2)a observed on 
study plots in different locations, on the coastal plain 
of the Arctic National '!lildlife Refuge, Alaskq, 
1982-1985, sorted by habitat and year. 

LOCATION 

Habitat Year Soecies Sam ole Size Mean + S.D. 

Okr>ilak 

Flooded 1982 Total nests 1 36.67 5.77 
Total species ('=;)C> 3 ;o.·n 0.'58 
Red-throated loon 1 'l.1'l '). 77 
Pacific loon 1 3·33 5.77 
Northern oint'lil 1 20.00 0.00 
Pectoral sandpiper 3 fi.fi7 11. ')') 
Glaucous gull < 1.33 ').77 

1981 Total nests 3 40.00 0.00 
Total species (7) 1 3.00 1.00 
Red-throated loon 3 '·'' 5. 77 
Pecto~al sandpiper ' 6.fi7 11. 'i'i 
Red-necked phalarope 3 fi.67 ').77 
Red phalarope 3 1.13 5.77 
Parasitic jaeger 3 3.33 5. 77 
Glaucous i';Ull 3 3.33 '). 77 
Lapland lonf(spur 1 13.33 11. ')') 

1985 Total nests 3 n6.67 5'i.08 
Total species ( 8) 3 4.00 1. ()0 

Red-throated loon 3 13.33 ').77 
Brant 3 20.00 34.64 
Canada goose 3 3.33 '5.77 
Spectacled eider 3 3.33 'i.77 
Red-necked ohalarope 3 6.67 5.77 
Red Phalarope 3 10.00 10.00 
Glaucous o;ull 3 6.67 11. ')') 
Lapland longs pur 3 3.·33 '?.77 

Wet Sedge 1982 TotF~l nests 3 2fi.67 1'5.23 
Total species ( 3) 3 1J)7 1. l 'j 
Pectoral sandpiper 3 fi.fi7 ').77 
Long-billed dowitcher 3 3.33 "). 77 
L3pland lonf(spu~ 3 16.fi7 20.82 

1933 Total nests 3 40.00 20.00 
Total species (2) 3 l. fi7 0.'58 
Pectoral sandpiper 3 23.33 20.82 
Lapland longs pur 3 lfi.fi7 ">.77 

198'5 Total nests 3 23.31 11. '55 
TotRl species (1) 3 l. fi7 0.58 
Lonp;-billed dot•i tcher 3 6.67 ll. 'i'i 
Red-necked phalarope 3 fi.67 'i.77 
Laplat1d longs pur 1 10.00 l 0. 00 

Mosaic 1982 Total nests 4 4?.'i0 9.'57 
Total species (4) lj 2.'50 0.')8 
Lesser ;,;olden-clover 4 ?.~0 ').00 
Pectoral sand pi P·2r 4 1').00 12.ql 
Red p11alarope )~ ').00 'i.77 
Lapland longs pur 4 20.00 11. 'i5 

1983 Total nests 4 IJO.OO 8.1~ 

Total soecies ( 4) lj 2.00 1. lS 
Canilda goose ll 2.'i0 'i.OI 
Lesser p;olrlen-olover ~ ?.'iO 'i.OO 

Pectoral sA.ndoi.pPY> 4 1?.')0 J'i.OO 
Laplil~d longs pur 4 22. 'iO l'i.O() 
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Appendix Table VII. Continued. 

LOCATION 

Habit"tt Year Species Sample Size Mean .:!:_ S.D. 

Okpilak Continued. 

Mo.">aic 1985 Total nests 4 25.00 l9.l"i 
Total species ( 4) 4 1.75 0.96 
Lesser golcten-olover 4 2.50 "i.OO 
Pectora.l si!ndpiper 4 5.00 5.77 
Stilt sandpiper 4 2.50 5.00 
Lapland lon(',spur 4 l'i.OO 12.91 

Moist 
Sedge-Shrub 1932 Total nests l 10.00 

Total species (l) l 1.00 
L"tpland longs pur l 10.00 

1983 Total nests 2 IW.OO 14.14 
Total species ( 4) 2 2.'i0 o. 7l 
Northern pintail 2 5.00 7.07 
Lesser golden-plover 2 5.00 7.07 
Pectoral sandpiper 2 5.00 7.07 
Lapland longs pur 2 2'i.OO 21. 2l 

1985 Tot"!l nests 2 30.00 l4.n 
Total species (l) 2 1.00 o.oo 
Lapland longspur 2 30.00 14 .11~ 

Riparian 1933 Total nests 2 45.00 21. ,?l 
Total species ( 4) 2 2.00 1.41 
Ruddy turnstone 2 s.oo 7.07 
Semipalmated sandpiper 2 l'i.OO .-::>1. 21 
Lapland longs pur 2 15.00 21. 2l 
Redpoll spp 2 10.00 14 .1 ... 

KC~tC~kturuk 

Wet Sedge 1983 Total nests 1 0 
Total species (0) l 0 

1985 Total nests 1 0 
Total species (0) 1 0 

Moist Sedge 1982 Total nests 2 10.00 14.14 
Total species (2) 2 l. 00 l. 41 
Rock ptarmigan 2 'i.OO 7.07 
Lao land longs pur 2 'i.OO 7.07 

1983 Total nests 2 2'i.OO 7.07 
Total species (2) 2 l.'iO o. 7l 
Lesser golden-plover 2 5.00 7.07 
Lapland longspur 2 20.00 0.00 

l98'i Total nests 2 20.00 14 .11~ 
Total species (2) 2 l.'iO o. 7J 
Lesser golden-plover 2 'i.OO 7.07 
Lapland longs pur 2 l'i.OO 7.07 

Hoist 
Sedge-Shrub 1982 Total nests l 20.00 

Total species (2) 1 2.00 
Semioalmated sandpiper l 10.00 
La eland longspur l lO.MJ 

1983 Total nests 3 10.00 10.00 
Total species (3) 3 l. 00 1.00 
Pectoral sandpiper 3 3.33 5.77 
Savannah sparrow 3 3.33 5.77 
Lapland lonp;spur 3 3.33 5. T7 
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Appendix Table VII. Continueci. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Katakturuk Continued. 

Moist 
Sedge-Shrub 1985 Total nests 3 26.67 ll. ')') 

Total species (4) ~ 2.67 J..l') 
Willow ptarmigan 3 3.33 5.77 
Buff-breasted sandpiper 3 6.67 5.77 
Red-necked phalarope ~ ~.)3 5.77 
Lapland longspur 3 10.00 0.00 

Tussock 1982 Total nests l 20.00 
Total species ( l) l 1.00 
Lapland longspur l 20.00 

1983 Total nests 3 36.67 37.86 
Total species (4) 3 2.00 l. 73 
Lesser golden-plover 3 3.)3 5.77 
Semipalmated sandpiper 3 10.00 17.32 
Pectoral sandpiper 3 6.67 5.77 
Lapland longspur 3 16.67 15.28 

1985 Total nests 3 30.00 26.46 
Total species (4) 3 2.00 1.73 
Rock ptarmigan 3 6.67 5.77 
Lesser golden-plover 3 3.33 5.77 
Savannah sparrow 3 3.33 5.77 
Lapland longspur 3 16.67 15.28 

Riparian 1982 Total nests 2 100.00 14.14 
Total species (6) 2 4.50 0.71 
Lesser golden-plover 2 10.00 o.oo 
Semipalmated sandpiper 2 25.00 21.21 
Yellow wagtail 2 5.00 7.07 
American tree sparrow 2 10.00 14.14 
Lapland longspur 2 30.00 28.28 
Redpoll spp 2 20.00 28.28 

1983 Total nests 3 53.33 30.55 
Total species (6) 3 ).67 l. 53 
Lesser golden-plover 3 3.33 5.77 
Ruddy turnstone 3 3.33 5.77 
Semi palma ted sandpiper 3 13.33 ').77 
American tree sparrow 3 3.33 5.77 
Lapland longspur 3 l6.fi7 5.77 
Redpoll spp 3 13.33 11. '55 

1985 Total nests 3 43.33 ll. 5'5 
Total species (5) 3 3.67 1.15 
Semipalmated sandpiper 3 3.33 5.77 
Buff-breasted sandpiper 3 3.33 5.77 
American tree sparrow 3 3.33 5.77 
Lapland longspur 3 6.67 5.77 
Redpoll spp 3 13.33 5.77 

Jago Bitty 

Wet Sedge 1983 Total nests 3 26.fi7 ll. 55 
Total species (3) 3 2.00 1.00 
Pectoral sandpiper 3 13.33 5.77 
Parasitic jaeger 3 3.33 5.77 
Lapland longsour 3 10.00 10.00 

1985 Total nests 3 56.67 40.41 
Total species (8) 3 4.00 2.65 
Northern pintail 3 3.33 5.77 
Willow ptarmigan 3 10.00 10.00 
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Appendix Table V1I. Continue<i. 

LOCATION 

Habitat Year Species Sample Size Mean .:': S.D. 

Jago Bitty Continued. 

Wet Sedge 1985 Rock ptarmigan < '3.33 5.77 
Pectoral sandpiper 3 16.117 15.28 
Stilt sandpiper 3 3.33 '5.77 
Red-necked phalarope 3 3-'B 5. 77 
Long-tailed jaeger 3 3.'3'3 'i.77 
Lapland longspur 3 13.33 5. 77 

Moist Sedge 1983 Total nests 3 33.'33 '5.77 
Total species (3) 3 2.00 1.00 
Lesser golden-plover 3 3.33 5.77 
Pectoral sandpiper 3 10.00 10.00 
Lapland longspur 3 20.00 17.32 

1985 Total nests 3 36.67 5.77 
Total species (fi) 3 2.n1 0.58 
Rock ptarmigan 3 3.33 5. 77 
Lesser golden-plover 3 3.'33 5.77 
Pectoral sandpiper 3 3.33 5.77 
Stilt sandpiper 3 3.33 5.77 
Buff-breasted sandpiper 3 3.33 5. 77 
Lapland longspur 3 20.00 0.00 

Moist 
Sedge-Shrub 1983 Total nests 3 56.67 46.19 

Total species ( 4) 3 2.67 1.53 
Willow ptarmigan 3 3.33 5. 77 
Semipalmated sandpiper 3 10.00 10.00 
Pectoral sandpiper 3 20.00 26.46 
Lapland longspur 3 23.33 ll. 55 

1985 Total nests 3 46. fi7 5.77 
Total species (5) 3 3.00 1.00 
Willow ptarmigan 3 6.67 5.77 
Rock ptarmigan 3 3.33 '1.77 
Lesser golden-plover 3 6.fi7 5.77 
Semipalmated sandplper 3 13.33 15.28 
Lapland longspur 'l 16.67 15.28 

Tussock 1983 Total nests 3 30.00 20.00 
Total species (6) 3 2.00 l. 00 
\hllow ptarmigan 3 3.33 5.77 
Rock ptarmigan 3 3.33 5. 77 
Lesser golden-plover 3 3.33 '5.17 
Semipalmated sandpiper 3 3.33 5.77 
Savannah sparrow 3 3.33 5.77 
Lapland longspur 3 13.33 23.09 

1985 Total nests 3 36.67 23.09 
Total species (4) 3 2.00 1.00 
Willow ptarmigan 3 3.33 5.77 
Rock ptarmigan 3 6.67 11.55 
Lesser golden-plover 3 3.33 5.77 
Lapland longspur 3 23.33 11.55 

Riparian 1983 Total nests 3 43.'33 5.77 
Total species (5) 3 3.00 1.00 
Northern pintail 3 6.67 '5.17 
Semipalmated sandpiper 3 10.00 10.00 
Savannah sparrow 3 13.3'3 15.28 
Lapland longspur 3 10.00 10.00 
Redpoll spp 3 3.33 5.77 
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Appendix Table VII. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .! S.D. 

Aichil i.k Continued. 

Riparian 1Q85 Total nests 3 83.33 28.87 
Total species (8) 3 4.33 2.52 
Northern pintail 3 3.33 5.77 
Willow ptarmigan 3 6.67 11.55 
Rock ptarmigan 3 10.00 10.00 
Semipalmated sandpiper 3 23.33 15.28 
Short-eared owl 3 6.67 11.55 
American tree sparrow 3 3.33 5.77 
Lapland longspur 3 26.67 5. 77 
Redpoll spp 3 3.33 5.77 

Wet Sedge 1984 Total nests 3 23.33 5. 77 
Total species ( 3) 3 1.67 0.58 
Pectoral sandpiper 3 3.33 5.77 
Long-tailed jaeger 3 3.33 5.77 
Lapland longspur 3 16.67 5. 77 

1985 Total nests 3 16.67 11.55 
Total species (3) 3 l. 67 1.15 
Pectoral sandpiper 3 10.00 0.00 
Stilt sandpiper 3 3.33 <;.77 
Lapland longspur 3 3.'33 5.17 

Moist Sedge 1984 Total nests 3 )0.00 17.32 
Total species (2) 3 l.li7 0.58 
Lesser golden-plover 3 10.00 10.00 
Lapland longspur 3 20.00 10.00 

1985 Total nests 3 20.00 10.00 
Total species (2) 3 l. 33 0.58 
Lesser golden-plover 3 6.67 11.55 
Lapland longspur 3 13.33 5.77 

Moist 
Sedge-Shrub 1984 Total nests 3 30.00 17.32 

Total species (3) 3 1.67 0.58 
Pectoral sandpiper 3 3.33 5.17 
Savannah sparrow 3 3.33 5.77 
Lapland longspur 3 23.33 15.28 

1985 Total nests 1 53.33 20.82 
Total species (4) 3 2.33 0.<;8 
Semipalmated sandpiper 3 3.33 '5.11 
Pectoral sandpiper 3 20.00 17.32 
Savannah sparrow 3 3.33 5.77 
Lapland longspur 3 26.67 11.55 

Tussock 1984 Total nests 3 36.67 30.55 
Total species (4) 3 2.00 1.73 
Rock ptarmigan 3 3.33 '5.77 
Lesser golden-plover 3 6.67 11.55 
Pectoral sandpiper 3 10.00 10.00 
Lapland longspur 3 16.67 15.28 

1985 Total nests 3 53.33 23.09 
Total species (7) 3 4.33 0.58 
Rock ptarmigan 3 6.67 5.77 
Lesser golden-plover 3 16.67 11.55 
Semipalmated sandpiper 3 3.33 5.77 
Pectoral sandpiper 3 10.00 10.00 
Red-necked phalarope 3 3-33 5.17 
Short-eared owl 3 3.33 5.17 
Lapland longspur 3 10.00 0.00 
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Appendix Table VII. Continued. 

LOCATION 

Habitat Year Species Sample Size Mean .:!: S.D • 

Aichilik Continued. 

Riparian 1984 Total nests 3 33.33 15.2!3 
Total species (6) 3 3.00 1. 73 
Lesser golden-plover 3 10.00 10.00 
Ruddy turnstone 3 3.33 5. 77 
Semipalmated sandpiper 3 3.33 5.77 
Buff-breasted sandpiper 3 6.67 5.77 
Lapland longspur 3 6.67 5.77 
Redpoll spp 3 3.33 5.77 

1985 Total nests 3 53.33 25.17 
Total species (5) 3 2.67 1. 53 
Lesser golden-plover 3 10.00 10.00 
Baird's sandpiper 3 3.33 5. 77 
Buff-breasted sandpiper 3 6.67 5.77 
Lapland longspur 3 10.00 17.32 
Redpoll spp 3 23.33 20.82 

Sadlerochit 

Wet Sedge 1984 Total nests 3 40.00 20.00 
Total species (4) 3 2.33 0.58 
Long-billed dowitcher 3 3.33 5.77 
Parasitic jaeger 3 3.33 5.77 
Savannah sparrow 3 6.67 5.77 
Lapland longspur 3 26.67 15.28 

1985 Total nests 3 60.00 0.00 
Total species (6) 3 3.33 0.58 
Pectoral sandpiper 3 20.00 10.00 
Long-billed dowitcher 3 3.33 5. 77 
Red-necked phalarope 3 3.33 5.77 
Parasitic jaeger 3 3.33 5.77 
Savannah sparrow 3 3.33 5.77 
Lapland longspur 3 26.67 11.55 

Mosaic 1984 Total nests 3 70.00 10.00 
Total species (5) 3 4.00 1.00 
Old squaw 3 3.33 5.77 
Lesser golden-plover 3 6.67 5. 77 
Semipalmated sandpiper 3 23.33 ll. 55 
Pectoral sandpiper 3 13.33 5.77 
Lapland longspur 3 23.33 5. 77 

198') Total nests 3 50.00 26.46 
Total species (4) 3 2.67 0.58 
Lesser golden-plover 3 6.67 5. 77 
Semipalmated sandpiper 3 16.67 15.28 
Pectoral sandpiper 3 3.33 5. 77 
Lapland longspur 3 23.33 23.09 

Moist 
Sedge-Shrub 1984 Total nests 3 56.67 11.55 

Total species ( 4) 3 2.33 1.15 
Semipalmated sandpiper 3 16.67 15.28 
Pectoral sandpiper 3 3.33 5.77 
Red-necked phalarope 3 3.33 5. 77 
Lapland longspur 3 33.33 15.28 

1985 Total nests 3 56.67 11.55 
Total species (4) 3 2. 67 0.')8 
Rock ptarmigan 3 6.67 ll. 55 
Semipalmated sandpiper 3 23.33 15.28 
Long-tailed jaeger 3 3.33 5.77 
Lapland longspur 3 23.33 5.77 
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Appendix Table VII. Continu8rl. 

LOCATION 

Habitat Year Species Sample Size Mean .:!: S.D • 

Sadlerochit Continued. 

Tussock 1984 Total nests 3 36.67 20.82 
Total species (6) 3 2.67 l. 53 
Northern pintail 3 3-33 5.77 
Rock ptarmigan 3 3 33 5. 77 
Lesser golden-plover 3 3-33 ').77 
Pectoral sanrlpiper 3 6.67 5.77 
Long-tailed jaeger 3 3-33 5.77 
Lapland longspur 3 16.67 15.28 

1985 Total nests 3 ')6.67 20.82 
Total species (4) 3 2.67 l. 15 
Rock ptarmigan 3 6.67 ll.5S 
Lesser golden-plover 3 10.00 0.00 
Pectoral sandpiper 3 6.67 11.55 
Lapland longspur 3 33.33 5.77 

Riparian 1984 Total nests 3 63.33 68.07 
Total species (6) 3 3.00 l. 73 
Common eider 3 3-33 5-77 
Lesser golden-plover 3 3.33 5.77 
Semipalmated sandpiper 3 30.00 43.59 
Pectoral sandpiper 3 3-33 5.77 
Savannah longspur 3 3.33 5.77 
Lapland longspur 3 20.00 17.32 

1985 Total nests 4 62.50 26.30 
Total species (9) 4 4.25 0.50 
Rock ptarmigan 4 2.50 5.00 
Lesser golden-plover 4 5.00 5.77 
Ruddy turnstone 4 5.00 5.77 
Semipalmated sandpiper 4 17.50 22.17 
Baird's sandoiper 4 2.50 5.00 
Pectoral sandpiper 4 5.00 5. 77 
Long-hilled dowitcher 4 2.50 5.00 
Lapland longspur 4 17.50 9.57 
Redpoll spp. 4 5.00 10.00 

Jago Delta 

Flooded 1984 Total nests 3 46.67 5. 77 
Total species (4) 3 3.00 1.00 
Old squaw 3 3-33 5. 77 
Pectoral sandpiper 3 10.00 10.00 
Red phalarope 3 10.00 0.00 
Lapland longspur 3 23.33 5.77 

1985 Total nests 3 20.00 10.00 
Total species (5) 3 2.00 1.00 
Northern pintail 3 3.33 5.77 
Oldsquaw 3 3-33 5.77 
Pectoral sandpiper 3 6. fi7 s. 77 
Long-billed dowitcher 3 3.33 5. 77 
Lapland longspur 3 3-33 5. 77 

Wet Sedge 1984 Total nests 3 36.67 15.28 
Total species (3) 3 2.33 0.58 
Semipalmated sandpiper 3 10.00 0.00 
Stilt sandpiper 3 3-33 5. 77 
Lapland longspur 3 23.33 11.55 

1985 Total nests 3 36.67 11.55 
Total species (4) 3 2.67 O.'i8 
Lesser golden-plover 3 6.fJ7 5.77 
Semipalmat8d sandpiper 3 6.fJ7 5.77 
Buff-breasted sandpiper 3 13.33 15.28 
Lapland longsour 3 10.00 10.00 
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Appendix Table VII. Continue<i. 

LOCATION 

Habitat Year Species Sample Size Mean ~ S.D. 

Jago Delta Continued. 

Mosaic 1984 Total nests 3 86.67 30.55 
Total species (5) 3 3-33 0.58 
Northern pintail 3 3-'33 '5.77 
Semipalmated sandpiper 3 6.67 5.77 
Pectoral sandpiper 3 40.00 10.00 
Red-necked phalarope 3 3-33 5.77 
Lapland longspur 3 33.33 25.17 

1985 Total nests 3 36.67 15.28 
Total species (7) 3 3.67 1.53 
Northern pintail 3 6.67 5.77 
Oldsquaw 3 3.33 5.77 
Lesser golden-plover 3 3.33 5.77 
Semipalmated sandpiper 3 3-33 '5.77 
Pectoral sandpiper 3 6.67 5.77 
Long-tailed jaeger 3 3-33 5.77 
Lapland longspur 3 10.00 0.00 

f1oist 
Sedge-Shrub 1984 Total nests 3 50.00 10.00 

Total species (6) 3 3-33 1.15 
Northern pintail 3 3-33 5. 77 
Semipalmated sandpiper 3 6.67 5.77 
Pectoral sandpiper 3 6.67 5.77 
Dun lin 3 3.33 5.77 
Buff-breasted sandpiper 3 3.33 5.77 
Lapland longspur 3 26.67 20.82 

1985 Total nests 3 46.67 15.28 
Total species (5) 3 2.67 0.58 
Northern pintail 3 3-33 5.77 
Lesser golden-plover 3 10.00 10.00 
Semipalmated sandpiper 3 3.33 5.77 
Short-eared owl 3 3.'33 5.77 
Lapland longspur 'l 26.67 15.28 

Riparian 1984 Total nests 3 20.00 17.32 
Total species ( 4) 3 l. fi7 1.'53 
Northern pintail 3 3.33 '5.77 
Semipalmated sandpiper 3 3.33 5.77 
Ruddy turnstone 3 6.67 5 .. 77 
Lapland longspur 3 6.67 11. '55 

1985 Total nests 3 26.67 11.55 
Total species (4) 3 2.00 0.00 
Lesser golden-plover 3 3-33 5.77 
Ruddy turnstone 3 16.67 11.55 
Baird's sandpiper 3 3.33 5.77 
Lapland longs pur 3 3.33 5.77 

Marsh Creek 

Moist Sedge 198'5 Total nests 3 13.33 15.28 
Total species (2) 3 1.00 l. 00 
Willow ptarmigan 3 3.33 5.77 
Lapland longs pur 3 10.00 10.00 

Moist 
Sedge-Shrub 1985 Total nests 3 20.00 10.00 

Total species (3) 3 l. 67 1.15 
Willow ptarmigan 3 3.33 5.77 
Savannah sparrow 3 3-33 '5.77 
Lapland longs pur 3 13.33 5. 77 
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Appendix Table VII. Continuen. 

Habitat 

Tussock 

Riparian 

Flooded 

Wet Sedge 

Moist 
Sedge-Shrub 

Tussock 

Year 

1985 

1985 

1985 

1985 

1985 

1985 

LOCATION 

Species Sample Size 

Marsh Creek Continued. 

Total nests 
Total species (3) 
Willow ptarmigan 
Lesser golden-plover 
Lapland longspur 

Total nests 
Total species (11) 
Willow ptarmigan 
Rock ptarmigan 
Lesser golden-plover 
Ruddy turnstone 
Pectoral sandpiper 
Long-tailed jaeger 
Yellow wagtail 
American tree sparrow 
White-crowned sparrow 
Lapland longspur 
Redpoll spp 

Niguanak 

Total nests 
Total species (7) 
Oldsquaw 
Rock ptarmigan 
Pectoral sandpiper 
Long-billed dowitcher 
Red-necked phalarope 
Red phalarope 
Lapland longspur 

Total nests 
Total species (6) 
Lesser golden-plover 
Semipalmated sandpiper 
Pectoral sandpiper 
Stilt sandpiper 
Short-eared owl 
Lapland longspur 

Total nests 
Total species (5) 
Old squaw 
Willow ptarmigan 
Pectoral sandpiper 
Red-necked phalarope 
Lapland longspur 

Total nests 
Total species (5) 
\Villow ptarmigan 
Rock ptarmigan 
Lesser golden-plover 
Pectoral sandpiper 
Lapland longspur 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 

Mean ~ S.D. 

16.1>7 
l. 33 
3.33 
3.3~ 

10.00 

10.00 
5.67 
3.33 
6.67 
!'i.!'i7 

10.00 
3.33 
3.33 
3.33 
3.33 

10.00 
10.00 
10.00 

63.33 
3.67 
3.33 
3.33 

20.00 
3.33 

16.67 
3.33 

13.33 

36.67 
2.67 

10.00 
3.33 
3.33 
3.33 
3.33 

13.33 

90.00 
3.00 
3.33 
3.33 

'33.33 
3.33 

4!'i.67 

46.67 
2.33 
3.33 
3.33 
3.33 
3.33 

33.33 

ll. 55 
0.58 
5.77 
5. 77 

10.00 

17.32 
0.58 
5. 77 
5.77 

ll. 55 
10.00 

5. 77 
5. 77 
5.77 
5.77 

10.00 
10.00 

0.00 

25.17 
l. 53 
5. 77 
5.77 

10.00 
5.77 

15.28 
5.77 

ll.55 

32.15 
2.31 

10.00 
5.77 
5.77 
5. 77 
5.77 

11.55 

26.4!) 
1.00 
5.77 
5.77 
5. 77 
5.77 

ll. 55 

15.28 
0.58 
5.77 
5.77 
5.77 
5.77 

ll. 55 

a Mean densities and mean number of nesting species were .means of counts 
from all replicate plots at each location in each habitat (see text,), 

b Value in parentheses refers to total number of species observed nesting on 
all replicate plots. 
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Appendix Table VIII. 

Season 

Reproductive 

Error mean squares (plots 14i thin locations) by 
habitat and season for bird density data collected on 
the coastal plain of the Arctic National Wildlife 
Refuge, Alas~a, 1985. 

Variable Habitata Error Mean Square 

Total birds II 1.14.74 
III ?2.08 
IV 6.74 
IVa 17.99 
v 10.78 
VI ll. 35 
IX 225.06 

Total species II 1. 49 
III l.l 8 
IV 0.73 
IVa l. og 
VI 0.85 
IX 1.19 

Lapland longsour II 1.12 
III 2.42 
IV 1. 33 
IVa 18.78 
v 3.60 
VI 3.14 
IX lOll. 31 

Pectoral sandpiper II 4.ll 
III 5.98 
IV 0.04 
TVa l. 60 
v 1.58 
VI 0.56 
IX 0.97 

Semipalmated sandpiper II 0.64 
III 0.44 
IV 0.02 
IVa 0.64 
v l. 23 
VI 0.31 
IX 3-51 

Lesser golden-plover II 0.48 
III 0.24 
IV 0.19 
IVa 0.11 
v 0.11 
VI 0.34 
IX 3.03 

Red-necked phalarope II 20.33 
III 0.43 
TV 0 
IVa 0.09 
v 0.21 
VI 0.04 
IX 0.01 
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Appendix Table VIII. 

Season 

Post-reproductive 

a II = Flooded, III 
Sedge-Shrub, VI = 

Continued. 

Variable Habitat 

Total Birds II 
III 
IV 
IVa 
v 
VI 
IX 

Total species II 
III 
IV 
IVa 
v 
VI 
IX 

Lapland longspur II 
III 
IV 
IVa 
v 
VI 
IX 

Pectoral sandpiper II 
III 
IV 
IVa 
v 
VI 
IX 

Semipalmated sandpiper II 
III 
IV 
IVa 
v 
VI 
IX 

Lesser golden-plover II 
III 
IV 
IVa 
v 
VI 
IX 

Red-necked phalarope II 
III 
IV 
IVa 
v 
VI 
IX 

= Wet Sedge, IV = Moist Sedge, 
Tussock, X = Riparian 
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IVa 

Error Mean Square 

38.70 
17.9') 
'il.42 

156.19 
75.1'3 
13.81 

279.53 

2.60 
0.49 
1.83 
l. 59 
1.20 
0.19 
1.16 

2.80 
8.22 
8.10 

42.10 
30.86 
4.12 

80.91 

71.06 
4.62 
0.66 
2.09 
1.91 
0.64 
0.93 

l.li2 
0 
0 
0.15 
0.08 
0 
2.22 

1.17 
0.06 
4.40 
0.10 
l. 35 
0.87 
6.37 

5.11 
o.o1 
0.01 
0.12 
0.02 
0 
0.01 

Mosaic, V = Moist 



Appendix Table IX. 

Variable 

Total nests 

Total species 

Lapland longspur 

Pectoral sandpiper 

Error mean squares (plots within location) by season and 
habitat for nest density data collected on the coastal 
plain of the Arctic National Wildlife Refuge, Alaska, 
1985. 

Habitat a 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

Error Mean Square 

l255.Sfi 
'ill.ll 
133.33 
423.81 
248.89 
427.78 
472.44 

l. 44 
2.44 
0.55 
1.15 
0.76 
1.06 
l. 65 

1)6.f.7 
88.89 
21i.l9 

223.81 
120.00 
l05.5fi 
98.08 

44.44 
61.11 
9.52 

"33.33 
44.44 
44.44 
12.82 

Semipalmated sandpiper II 
III 
IV 
IVa 
v 
VI 
IX 

0 

Lesser golden-plover 

Red-necked phalarope 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

a II = Flooded, III = Wet Sedge, IV = Moist 
Sedge-Shruh, VI = Tussock, IX = Riparian. 
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Sedge, IVa 

ll.ll 
0 

76.19 
71.11 

'5.56 
140.36 

0 
22.22 
S4.76 
29.76 
17.78 
44.44 
48.72 

88.89 
16.67 

0 
0 
8.89 
5. <;6 
0 

Mosaic, v Moist 



Appendix Table X. Significance levels 
habitats, seasons, 
locations for bird 
locations for nest 
plain of the Arctic 

Bird 
Variable 

Total birds 

Total species 

Lapland longspur 

Pectoral sandpiper 

Semipalmated sandpiper 

Lesser golden-plover 

Red-necked phalarope 

Nest Variable 

Total nests 

Total species 

Lapland longspur 

Pectoral sandpiper 

Semipalmated sandpiper 

Lesser golden-plover 

Red-necked phalarope 

Habitat 

p < 0.001 

p < 0.001 

p < 0.001 

p < 0. 001 

p < 0.001 

p < 0. 001 

p < 0.001 

p = 0.016 

p = 0.002 

p = 0.002 

p = 0.123 

p = 0.068 

p = 0.145 

p < 0.001 
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of ANOVA' s testing differences among 
and their interactions over pooled 
data and among habitats over pooled 

density data collected on the coastal 
National Wildlife Refuge, Alaska, 1985. 

TREATMENT EFFECT 
Interaction 

Season (Hab x Seas) 

p = 0.125 p < 0.001 

p < 0.001 p < 0.001 

p = 0.030 p = 0.053 

p < 0.001 p < 0.001 

p < 0. 001 p < 0. 001 

p = 0. 3% p = 0.127 

p < o. 001 p < 0.001 



Appendix Table XI. Significance levels for ANOVA's testing differences among 
locations, seasons, and their interactions within habitats 
for bird density data collected on the coastal plain of 
the Arctic National Wildlife Refuge, Alaska, 1985. 

Variable 

Total birds 

Total species 

Lapland longspur 

Pectoral sandpiper 

Semipalmated sandpiper 

Lesser golden-plover 

Red-necked phalarope 

Habitata 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

II 
III 
IV 
IVa 
v 
VI 
IX 

Location 

p = 0.009 
p < 0.001 
p 0.046 
p 0.457 
p 0.019 
p 0. 005 
p 0. 004 

p 0.153 
p 0.01'5 
p 0.044 
p 0.172 
p 0.002 
P< 0.001 
P<O.OOl 

p 0.707 
p < 0.001 
p 0.040 
P O."'l99 
p 0.02') 
p 0.006 
p 0.006 

p 0.014 
p 0.0'56 
p 0.007 
p 0.015 
p < 0.001 
P o.oofi 
p 0.001 

p 0.2'54 
p 0. 052 
p 0.639 
P o.on 
P o.on 
p 0.460 
p < 0.001 

p 0.352 
p 0.17'5 
p 0.275 
p 0.180 
p 0.080 
p 0.031 
p 0.393 

p 0.122 
p 0.075 
p 0.510 
p 0.865 
p 0.149 
p 0.039 
p 0.409 

Season 

p 0.074 
p < 0.001 
p 0.024 
p 0.701 
p 0.?30 
p 0.229 
p 0.005 

p 0.090 
p < 0.001 
p = 0.486 
p = 0.001 
P < O.OOl 
p < 0.001 
p 0.001 

p = 0.001 
p < 0.001 
p 0.322 
p 0.087 
p 0.476 
p 0.003 
p 0.265 

p < 0.001 
p < 0.001 
p 0.055 
p 0.021 
p 0.012 
p 0.369 
p 0.329 

p = 0.496 
P O.Oll 
p 0.27'5 
p = 0.003 
p 0.004 
p = 0.097 
p < 0.001 

p 0.099 
p = 0.135 
p 0.147 
p 0.020 
p 0.823 
p = 0.244 
p 0.877 

P o.olfi 
p 0.004 
p 0.407 
p 0. 001 
p = 0.006 
p 0.091 
p o. 614 

Location x Season 

p 0.047 
p 0.037 
p 0.093 
p 0.696 
P o.nfi 
p 0.006 
p 0.01'5 

p 
p 
p 
p 
p 
p 
p 

0.430 
0.034 
0.021 
0.930 
O.fi93 
0.064 
0.075 

p 0.558 
p = 0.165 
p 

p = 
p 
p 
p 

0.215 
0.728 
0.182 
0.028 
0.122 

p 0. 015 
p 0.047 
p 0.023 
p 0.174 
p < 0.001 
p 0.002 
p 0. 968 

p 0.130 
p 0.052 
p 0.639 
p 0.008 
p 0.041 
p 0.460 
p < 0.001 

p 0.034 
p = 0.049 
p 0.272 
p 0.523 
p = 0.667 
p 0.243 
p 0.633 

p 0.150 
p 0.045 
p 0.510 
p = 0.072 
p 0.117 
p 0.039 
p 0.733 

a II = Flooded, III = Wet Sedge, IV = Moist Sedge, IVa = Mosaic, V Moist 
Sedge-Shrub, VI = Tussock, IX = Riparian 
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Appendix Table XII. Significance levels of A NOVA's testing differences among habitats, years, and their 
interactions for bird density data collected during the reproductive seasona at seven 
locations on the coastal plain of the Arctic National Wildlife Refuge, Alaska, 
1982-1981). 

Variable 

Total birds 

Total species 

Lapland 
longs pur 

Treatment 
Effect 

Habitat 
Year 
Hab x Year 

Habitat 
Year 
Hab x Year 

Habitat 
Year 
Hab x Year 

Pectoral Habitat 
sandpiper Year 

Hab x Year 

Semipalmated Habitat 
sandpiper Year 

Hab x Year 

Lesser Habitat 
golden-plover Year 

Hab x Year 

Red-necked Habitat 
phalarope Year 

Hab x Year 

Okpilak 

p = 0.004 
p = 0.3'13 
p = 0.030 

p = 0.004 
p = 0.709 
p = 0.004 

p = 0.007 
p = 0.001 
p = 0.244 

p = 0.006 
p = 0.340 
p = 0.007 

p = 0.280 
p = 0.334 
p = 0.007 

p = 0.001 
p = 0.068 
p = 0.044 

p = 0.021 
p = 0.327 
p = 0.323 

Katakturuk 

p < o. 001 
p = 0.120 
p = 0.033 

p = 0.010 
p = 0.239 
p = 0.652 

p < 0.001 
p = 0.242 
p = 0.142 

p = 0.144 
p = 0.242 
p = 0.68Q 

p = o. 001 
p = 0.149 
p = 0.005 

p = 0.230 
p = 0.248 
p = 0.954 

p = 0.641 
P = O.Sl7 
p = 0.641 

Jago Bitty 

p = 0.001 
p = 0.02Q 
p = 0.233 

p = 0.011 
p < o. 001 
p = 0.014 

p < o. 001 
p = 0.29'5 
p = 0.132 

p < 0.001 
p = 0.003 
p = 0.094 

p = 0.021) 
p = 0.~40 
p = 0.404 

p = 0.121 
p = 0.721 
p = 0.882 

p = 0.076 
p = 0.034 
p = 0.132 

Aichilik 

p < 0.001 
p < 0.001 
p < 0.003 

p < o. 001 
p = 0.457 
p = 0.035 

p < 0. 001 
p < 0.001 
p = 0.027 

p = 0.001 
p < 0. 001 
p < 0.001 

p = 0.434 
p = 0.120 
p = 0.019 

p = 0.001 
p = 0.051 
p = 0.845 

p < 0.001 
p = 0.090 
p = 0.016 

Sadlerochit 

p = 0.017 
p < 0.000 
p < 0.001 

p < 0.001 
p < 0.001 
p = 0.002 

p = 0.045 
p < 0.001 
p = 0.003 

p < 0. 001 
p = 0.734 
p = 0.328 

p 0.001 
p = 0.300 
p = 0.853 

P = O.OlS 
p = 0.289 
p = 0.032 

p = 0.042 
p = 0.900 
p = 0.598 

a Reproductive season included censuses 2-5: those common at all locations in all years. 

Jago Delta 

p = 0.012 
p = 0.278 
p = 0.00~ 

p = 0.001 
p = 0.013 
p = 0.496 

p = 0.002 
p < 0.001 
p = 0.002 

p < 0.001 
p = 0.119 
p = 0.380 

p = 0.6411 
p = 0.749 
p = 0.120 

p = 0.351 
p = 0.11)2 
p = 0.402 

p = 0.002 
p = 0.301 
p = 0.331 



Appendix Table XIII. Significance levels of ANOVA's te~ting differences among habitats, years, and their 
interactions for nest density data collected at 7 locations on the coastal plain of 
the Arctic National Wildlife Refuge, Alaska, 1982-1985. 

Variable 

Total nests 

Total species 

Lapland 
longs pur 

Pectoral 
sandpiper 

Semi palma ted 
sandpiper 

Lesser 
golden-plover 

Red-necked 
phalarope 

Treatment 
Effect 

Habitat 
Year 

Hab x year 

Habitat 
Year 

Hab x year 

Habitat 
Year 

Hab x year 

Habitat 
Year 

Hab x year 

Habitat 
Year 

Hah x year 

Habitat 
Year 

Hab x year 

Habitat 
Year 

Hab x year 

Okpilak 

p = 0.466 
p = 0.377 
p = 0.266 

p = 0.082 
p = 0.713 
p = 0.188 

p = 0.062 
p = 0.189 
p = 0.580 

p = 0.278 
p = 0.317 
p = 0.763 

no nests 

p = 0.290 
p = 0.197 
p = 0.430 

P = 0.02S 
p = 0.161 
p = 0.226 

Katakturuk 

p = 0.267 
p = 0.896 
p = 0.672 

p .= 0.095 
p = 0.559 
p = 0.719 

p = 0.387 
p = 0.459 
P = o.n8 

p = 0.389 
p = 0.191 
p = 0.389 

p = 0.421 
p = 0.174 
p = 0.421 

p = 0.546 
p = 0.743 
p = 0.950 

p = 0.641 
P = O.Sl7 
p = 0.641 

Jago Bitty 

p = 0.271 
p = 0.129 
p = 0.380 

p = 0.582 
p = 0.047 
P = O.SlO 

p = 0.673 
p = 0.387 
p = 0.666 

p = 0.138 
p = 0.244 
p = 0.362 

p = 0.026 
p = 0.31)8 
p = 0.439 

p = 0.452 
p = 0.341 
p = 0.452 

p = 0.452 
p = 0.341 
p = 0.452 

Aichilik 

p = 0.287 
p = 0.099 
p = 0.144 

p = 0.130 
p = 0.215 
p = 0.168 

p = 0.145 
p = 0.314 
p = 0.589 

p = 0.159 
p = 0.033 
p = 0.072 

p = 0.737 
p = 0.577 
p = 0.382 

p = 0.245 
p = 0.467 
p = 0.239 

p = 0.452 
p = 0.341 
p = 0.452 

Sadlerochit 

p = 0.828 
p = 0.526 
p = 0.532 

p = 0.457 
p = 0.403 
p = 0.129 

p = 0.911 
p = 0.739 
p = 0.362 

p = 0.357 
p = 0.387 
p = 0.016 

p = 0.288 
p = 0.569 
p = 0.591 

p = 0.139 
p = 0.073 
p = 0.034 

p = 0.580 
p = 0.999 
p = 0.351 

Jago Delta 

p = 0.017 
p = 0.024 
p = 0.047 

p = 0.063 
p = 0.739 
p = 0.698 

p = 0.261 
p = 0.006 
p = 0.221 

p < 0.001 
p = 0.002 
p = 0.002 

p =- 0.055 
p = 0.114 
p = 0.737 

p = 0.415 
p = 0.017 
p = 0.415 

p = 0.452 
p = 0.341 
p = 0.452 
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ANWR Progress Report No. FY 86-18 

Species accounts of birds observed at eight study areas on the coastal plain 
of the Arctic National Wildlife Refuge, Alaska, 1985. 

The following species accounts describe status, breeding chronolo~y, 

migration, and habitat use of bird species at 8 locations (Figs. 1-9) on the 
coastal plain of the Arctic National Wildlife Refuge (ANWR) where intensive 
investigations of terrestrial bird populations and habitat use occurred 
during June-August 1985 (Oates et al. 1987). 

Study area maps and descriptions were presented in Spindler and Miller 
(1983) Spindler et al. (1984), Moitoret et al. (198S), Oates et al. 0987). 
Bird breeding chronology, behavior, status, and distribution data were 
recorded daily during the field season. Field work in the study areas was 
carried out between 1 June and 30 August. First and last dates of 
observations and first dates of hatching of young may not he all inclusive. 

The following status and abundance categories (Kessel and Gibson 1978) were 
used: resident, migrant, breeder, visitant and abundant, common, fairly 
common, uncommon, rare, casual, accidental. Species accounts are presented 
in phylogenetic order, and use nomenclature of the American Ornithologist's 
Union ( 198 3) . Two redpoll species (common redpoll and hoary redpoll) were 
lumped for purposes of this report because of difficult field identification 
and because several investigators have considered them to be conspecific 
(Williamson 1961, Troy 1980). Habitat types used in this report were 
described by Walker et al. (1982) with modifications described in Moitoret 
et al. (1985, Table 1); the classification categories are capitalized in the 
text. 
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Fig. 1 Terrestrial bird study sites on the coastal 
plain study area, Arctic National Wildlife Refuge, 

Alaska. 
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Species Accounts 

RED-THROATED LOON 

Okpilak - Common bre~der. Red-throated loons were regularly observed from 10 
June until lU August. Five nests were found in Flooded habitat: the first on 
10 June with l egg, the last on 2U July with 2 eggs. First hatching occurred 
during the week of 10-17 July. As in 108~, red-throated loons were more 
commonly seen or heard in August as they vocalized during flights between 
brooding areas and coastal feeding areas. 

Aichilik - Uncommon migrant. One or 2 birds were observed weekly, beginning 16 
June and continuing throughout the field season. 

Sadlerochit - Uncommon breeder: fairly common summer visitant. Single loons 
and small flocks were frequently seen flying eastward along the coast and over 
camp from 4-7 June and then irregularly through July. Two pairs were observed 
flying south along the river and swimming in Wet Sedge ponds from 0-ll June. 
One pair was seen regularly in a Wet Sedge pond 1.5 km south of camp and was 
observed attending 1 chick on 5 August. Estimating the age of the chick and 
assuming a 24-20 day incubation period (Harrison 1078), egg-laying probably 
occurred during the first week of July. From 18 July through 16 August, 
singles, pairs, and groups (~-10 loons) were observed flying eastward or 
swimming, feeding, and vocalizing in lagoons and coastal Wet Sedge ponds. 

Jago Delta - Fairly common breeder and summer visitant. A few individuals and 
pairs of red-throated loons were seen flying in various directions near camp 
and swimming on lagoons, rivers, and ponds in Flooded and Mosaic habitats 
throughout June and July. No nests were discovered, but adults with chicks 
were seen on coastal lakes and ponds on 5 August. During late August small 
groups of adults and several pairs with chicks were seen almost daily near the 
coast, with a maximum of 2U adults seen in flight on 21 August. Young were 
full-grown and flight-capable by 26 August, but apparently were not yet 
independent. 

PACIFIC LOON 

Okpilak - r.ommon spring migrant: fairly 
present from 2 June through 14 August. 
observed flying northeast between 7 and 
were heard regularly in aquatic areas. 
on 8 July in Flooded habitat. On 17 
observed on Camp Lake. 

common breeder. Pacific loons were 
Several large flocks of 10-25+ were 
ll June. By l3 June, vocalizations 

One nest containing 2 eggs was found 
July, 2 adults with 2 chicks were 

Sadlerochit Uncommon migrant and summer visitant. Four flocks of 5-7 
Pacific loons were seen flying along the coast from 5-22 June. From 17 June 
through 25 July, pairs were infrequently seen flying eas~ along the coast, and 
a single loon was sighted on o days, either flying along the river or 
coastline or swimming in the lagoon. Pacific loon vocalizations were first 
heard on 10 July along the coast. Single loons were subsequently observed 
flying eastward between 5 and lU August. 
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Jago Delta - Uncommon breeder: fairly common summer visitant. Pacific loons 
were observed from 5 June through 30 August. Two migrant flocks of 8 loons 
were seen flying north-northeast toward the coast on 5 and 7 June, but the 
remaining June observations were of singles or pairs flying in various 
directions over camp or swimming in ponds in Flooded and Mosaic tundra. 
Through July and August, loons were observed more frequently in the lagoon and 
river as well as in ponds near the coast in Flooded, Mosaic, and Wet Sedge 
habitats. Chicks were first observed on lQ July near the coast. A maximum of 
3 pairs, each with l chick, were seen on a coastal lake on 7 August. Pacific 
loons gathered in flocks of 3-0 with resident family groups through the end of 
August, at which time the young were still incapable of flight. 

Niguanak - Common breeder. Pacific loons inhabited the large water bodies 
from 12 June through )0 August. Vocalizations were heard frequently during 
the latter half of June and active nests were first observed on 26 and 28 
June. All nests (n=3) were located on small islRnds in larger lakes and 
ponds. At least 2 nests were successful: each produced 1 chick that was first 
observed on 24 July. During the latter weeks of August, congregations of 5-ll 
adults were frequently observed feeding and vocalizing on Niguanak Lake. 
Chicks had not fledged by 30 August. 

YELLOW-BILLED LOON 

Okpilak - Uncommon migrant. Yellow-billed loons were observed on 5 occasions, 
beg,.inning l June when a pair and a flock of 7 were seen flying southeast. 
Individuals or pairs flying east and northeast were noted on 8 June, 23 July, 
and 4 August. 

Sadlerochit Fairly common migrant; uncommon summer visitant. Single 
yellow-billed loons and groups of 3-8 were observed daily from 5-18 June and 
during 5 days between 5 and 26 July. Loons were typically flying eastward 
along the coast or swimming and feeding in the lagoon. From 7-16 August, 
several groups of l-7 adult loons were seen daily, flying eastward along the 
coast. Vocalizations were frequently heard from the bay west of Anderson 
Spit, indicating a possible resting area. 

Jago Delta - Rare fall migrant. One adult was observed at Jago Lagoon on 7 
August. 

Niguanak - Uncommon migrant. Seven sightings were made of single individuals 
feeding or resting on the large Niguanak Lake between o July and 20 August. 
Visiting loons generally stayed at the lake for less than 6 hours. 

TUNDRA SHAN 

Okpilak - Fairly common breeder. Singles and pairs were seen almost daily 
from l June through 14 August. Pairs were first observed when camp was 
established on l June. On 16 July, a pair with 2 cygnets was observed at 
3-Drum Marsh, a successful lQ84 nesting area. Another pair with 2 cygnets was 
seen 3 km west of Okpilak camp on 17 July. On 5 August, a third pair with 2 
young was seen 2.5 km north of camp. 
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Jago Bitty - Rare summer visitant. Swans were observed on '3 occasions: a 
lone adult flying southeast on 6 June; an adult on a gravel bar along the Jago 
River 3.2 km north of camp on 21 June; and a pair of adults on a small pond in 
Moist Sedge habitat on 2 July. 

Sadlerochit Fairly common summer visitant; probable uncommon breeder. 
Sightings of either one or two pairs, or a group of 3-5 swans occurred almost 
daily from 5 June through 19 July. Swans utilized Wet Sedge, Moist 
Sedge-Shrub, Mosaic, and Riparian habitats, as well as coastal lagoons and 
river delta areas. Evidence of breeding in the vicinity occurred on 5 August 
when a pair was seen leading 2 large cygnets by a bluff melt-water pond 1.5 km 
south of camp. 

Jago Delta - Fairly common breeder. Pairs were first observed on 1 June and 
1-4 adults were seen regularly during July on Flooded tundra lakes and in 
Riparian habitat. No nests were discovered, but 2 pairs with cygnets were 
frequently observed in Flooded and V.!et Sedge habitats from o July through 15 
August. Additional adults with cygnets were observed at coastal lakes and in 
Tapkaurak Bay between 22 July and 27 August, with a high of 16 birds ( 11 
adults and 5 cygnets) observed on 23 August. Cygnets were nearly full-grown 
but still incapable of flight on 27 August. 

Niguanak Fairly common spring migrant; uncommon summer resident and 
breeder. During June, small groups of 3-5 individuals moved through the area, 
occasionally stopping on large lakes and ponds. Throughout July and early 
August, a non-breeding pair occupied Flooded habitat near the Niguanak camp. 
A pair that produced 3 cygnets inhabited an area of Flooded tundra 6 km south 
of Niguanak Lake. The male swan was observed aggressively chasing greater 
white-fronted and snow geese that were staging in the swan's brooding area 
during late August. 

GREATER WHITE-FRONTED GOOSE 

Okpilak - Fairly common migrant. Single individuals were seen on 3 occasions 
flying east during the first week of June. Four birds fed at a small pond on 
10 June, and a flock of 30 was sighted moving west on 24 June. On 15 July, 
geese were seen flying west, on 15 August a flock of 35 flew eastward 5 km 
south of camp. 

Jago Bitty - Rare migrant. Five geese were seen flying southeast on 15 June, 
and a group of 8 geese were seen 8 km northeast of camp on 15 August. 

Aichilik - Rare fall migrant. A single individual was seen flying south over 
camp on 11 August. 

Sadlerochit - Common spring migrant; uncommon summer visitant; fairly common 
fall migrant. Several flocks of 10-100 geese were observed flying eastward 
over camp on 11 May. From 1-27 June, migration movements decreased with 
flocks of '3-20 geese seen on 14 occasions. A group of 3 geese grazed briefly 
along a river bank on '3 June. Geese visited lagoon areas during July and 
several were observed on Anderson Soi t on 7 August. Small flocks were seen 
flying eastward along the coast between 7 and 18 August. 
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Jago Delta - Uncommon spring migrant; fairly common fall migrant. Singles and 
pairs of greater white-fronted geese were observed flying in various 
direct ions over camp or loafing near lakes on 8 days during June. No geese 
were subsequently observed until 15 August when a group of 8 flew over 
Riparian habitat. Through the end of August, geese were observed more 
frequently and in larger flocks 02-20 birds) flying and feeding in Moist 
Sedge and Dryas habitats along the river and delta, occaisionally with snow 
geese. Flight directions were generally random, indicating local staging 
movements. By 2q August, ratios of juveniles to adults in flocks were nearly 
equal. 

Marsh Creek - Rare spring migrant. A single goose was flushed from Marsh 
Creek approximately 5 km downstream from camp on 5 June. 

Niguanak - Uncommon spring migrant; common fall migrant. Between l and 27 
June, a single pair utilized Flooded habitat in the Niguanak area, 
particularly along the banks of the large lake and areas of emergent 
vegetation. On 22 June, approximately 15 geese were observed in Wet Sedge 
areas along lake banks 6 km south of camp. Beginning 16 August, several 
flocks migrated eastward over the area. Over '3150 geese passed across the 
Niguanak area in flocks of 3-100 during the last 4 days of observations (27-30 
August). The relatively low numbers observed at the coastal Jago Delta camp 
during .,the same time period suggested that the major flux of fall migrants 
occurred inland, at least across the portion of ANWR between Camden Bay and 
Beaufort Lagoon. Greater white-fronted geese frequently foraged in the 
Niguanak area and primarily u~ilized Wet Sedge habitats along lake shores and 
beaded streams. 

SNOW GOOSE 

Okpilak - Rare spring migrant. A mixed flock of 10 snow geese and several 
brant flew northeast along the coast on 8 June. A flock of 12 was observed 
flying eastward on ll June. 

Jago Bitty - Rare spring migrant. 
west-southwest on 15 June. 

A flock of 12 geese was observed flying 

Sadlerochit - Rare spring migrant. On 5 June, flocks of 35 and 17 snow geese 
(with one blue-phase individual) were observed flying westward along coast. 

Jago Delta - Common fall migrant. Flocks of q_ '37 geese were observed from 
15-30 August resting and feeding on river Dryas benches near camp and by the 
lakes south of Martin Point. Flocks were composed of up to 50% juveniles with 
a maximum of 8 observed. 

Niguanak - Rare spring migrant; common fall migrant. On 5 June, a flock of 
approximately 150 geese flew northeast over camp, and on 10 June, 50+ geese 
flew southwest over the area. Beginning 1'3 August and increasing until 
observations terminated '30 August, numerous flocks of snow geese passed over 
the Niguanak area. Numbers peaked during the last 3 days of observations when 
approximately '3,oqo, 2,qoo, and l,q4o were counted on 28, 20, and '30 August, 
respectively. Several congregations of snow geese foraged in Wet Sedge and 
Moist Sedge habitats, particularly along gently sloping lake shores. 
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BRANT 

Okpilak - Abundant spring migrant; fairly common breeder. Between 2 and 11 
June, numerous flocks of 25-100 brant moved eastward over the coastal areas. 
A small colony of glaucous gulls and brant had initiated incubation in Flooded 
habitat prior to 11 June. Four nests were found in the area on 11 June. One 
nest had 3 eggs, another had 5 eggs, and the others were not disturbed. On lo 
June, a fifth nest was found with 5 eggs. Full clutches averaged 4.6 (n=5). 
Laying and incubation took place primarily during the week of 11-l o June. 
Earliest completion of a full clutch occurred on or before 11 June. All eggs 
apparently hatched between 25 June and 3 July but no broods were observed, 
possibly reflecting post-hatching seaward movements. No brant were observed 
after 18 July. 

Sadlerochit Abundant spring migrant; common fall migrant. Brant flying 
eastward on spring migration were observed from 31 May through 20 June. Many 
flocks of 10-200 geese (average of 50-70 geese per flock) were sighted daily, 
with numbers peaking by o June. Brant were almost exclusively seen flying 
along the coastline with only a few observed up to 2 km inland. 

Jago Delta - Common migrant; rare breeder. Flocks of 3-2S brant were observed 
flying northward towards the coast from 1-ll June. A pair with 2 goslings was 
seen at Martin Point Lake on 23 July. The first sighting of fall migrants was 
a flock of 110 geese resting and feeding on the west shore of Tapkaurak Bay on 
16 August. Many flocks of 10-450 geese (average 2"i-50) were seen flying west 
along the coast through the end of August, with a maximum of 2, 000 birds 
moving through the area on 23 August. Geese flew over Jago Lagoon apparently 
following the coastline, and small flocks stopped to feed and rest on Jago 
Delta and Tapkaurak Bay. 

Niguanak - Rare spring and fall migrant. On 1 June, a flock of brant (75+) 
flew southeast over camp and 2 individuals were seen flying with a large flock 
of snow geese on 28 August. 

CANADA GOOSE 

Okpilak - Uncommon spring and fall migrant; rare breeder. A pair was first 
observed flying east on 2 June, and other pairs were observed on 14 and 15 
June. A flock of 12 was seen in the area on 17 and 18 June. One nest with an 
incubating adult was found in Flooded habitat on 11 June. The nest contained 
6 eggs on 25 June and 4 eggs on 30 June and 3 July. Status of the 2 missing 
eggs remained unknown. On 8 July, the nest was empty, apparently a successful 
hatch. A flock of 30-50 geese was observed feeding in Moist Sedge-Shrub 
habitat on 7 August. 

Jago Bitty - Rare migrant. Two birds were seen flying southeast on 20 June. 

Aichilik - Rare summer visitant. Three Canada geese were seen on 16 July, 
flying south along the Aichilik River. 
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Sadlerochit - Uncommon spring migrant. On 11.1 June, a flock of 7 geese flew 
north over camp, calling in flight. A flock of 7 flew west along the coast on 
10 June, and on 27 June a group of 4 flew eastward over the river. 

Jago Delta - Fairly common breeder; common fall migrant and visitant. First 
observation of Canada geese was of a large flock flying northeast on 2 June. 
Flocks of 5 geese were observed during 3 days at the end of June, flying over 
the river and Flooded tundra and singles or pairs were seen swimming in the 
river or standing by large lakes on 6 occasions between 11 June and 2 July. 
Two broods of 2 and 3 goslings were first observed on a large lake near the 
coast on lo July. Single adults were observed flying over Mosaic and Riparian 
habitats through July. By 27 August, the 2 resident family groups were still 
utilizing the lake area and the goslings were full-grown. Flocks of 6-27 
geese (including up to 6 juveniles) joined the resident geese during late 
August; the largest group was seen on 20 August. 

GREEN-WINGED TEAL 

Okpilak - Rare spring migrant; rare breeder. On 8 June, a flock of six males 
flew northeast over a coastal lagoon. On 11 June, a female was flushed from a 
nest containing 2 eggs. Two days later the nest could not be relocated. On 
13 June, a pair was flushed from Flooded habitat, and on 16 June, a pair was 
observed on a small pond in Moist Sedge-Shrub habitat. 

Jago Bitty - Rare summer visitant. Two males were observed along the Jago 
River on 21 June, and a lone female on Okpirourak Creek, near the confluence 
with the Jago River, was seen on 5 July. 

Aichilik - Rare migrant. A pair was observed in Moist Sedge-Shrub habitat on 
1.1 June, and a single individual was seen on 10 June. One male was sighted on 
22 June, and a female was observed in Moist Sedge-Shrub habitat on 13 August. 

Marsh Creek - Rare breeder. A female exhibiting agitated behavior in Riparian 
habitat on 21.1 July was thought to be protecting young, and on 12 August, a 
female with 5 ducklings was observed in the same vicinity. 

Niguanak - Rare fall migrant. One female was observed on Niguanak Lake on 27 
August. 

MALLARD 

Sadlerochit - Rare migrant. A male mallard in partial eel ipse plumage was 
observed swimming in the Sadlerochit River on 10 July. On 21 July a female 
(or possible male in full eclipse plumage) circled briefly over observers near 
the river. A flock of 12 mallards flew east over a shoreline lagoon on 12 
August. 

Jago Delta - Rare fall migrant. Two mallards were seen on the river near the 
coast on 12 August. 

Niguanak Rare spring migrant. A pair flushed from a small pond in Moist 
Sedge-Shrub habitat on 10 June. 
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NORTHERN PINTAIL 

Okpilak - Fairly common summer resident; uncommon breeder. Small groups, 
pairs, and singles were seen regularly from 2 June through 14 August. One 
nest with 7 eggs was found in Mosaic habitat on 8 June. A molting female was 
observed on 18 July, with a brood of 4 ducklings in Flooded habitat. On ll 
August, several flocks (lSO birds total) were seen flying east over camp. 

Katakturuk - Uncommon spring migrant. Pintails were observed on 3 occasions 
in June. 

Jago Bitty - Uncommon breeder. Singles and small groups of up to 4 were 
observed regularly from 2-21 June in all habitat types except Tussock. 
Approximately 90% of these birds were males. A pintail nest containing 7 eggs 
was located in Riparian habitat on 8 June. It was empty and intact on 28 June 
and believed to represent a ::mccessful hatching. A second nest with c:; eggs 
was found in Wet Sedge habitat on 21 June and was apparently depredated by 29 
June. Sightings of adult females (6 lone birds and l pair) occurred 
sporadically between 22 June and 7 August. Three fully grown juveniles were 
observed in Wet Sedge habitat on 9 August, and several more lone pintails were 
sighted through 17 August. 

Aichilik - Fairly common spring visitant; rare breeder. Males were seen 
frequently in groups of l-5 during early June in Moist Sedge-Shrub, Tussock, 
and Wet Sedge habitats. On 17 July, a hen with a duckling estimated to be one 
week old was observed in Moist Sedge-Shrub habitat. The estimated date of 
clutch completion was approximately 14-15 June. 

Sadlerochit - Uncommon breeder; fairly common summer visitant. Pintails were 
observed daily from 31 May through 16 August. Groups of 5-40 individuals flew 
over all habitats and coastal wetlands from 31 May to 19 June. Pairs and 
small predominantly male groups were observed through June in all habitats, 
but most frequently in small ponds of Mosaic, Moist Sedge-Shrub, and Wet Sedge 
tundra types. One nest was located on 23 June in Wet Willow-Sedge habitat 
along a river bank. The nest was empty and intact on 22 July, and a female 
with 4 young was seen in the vicinity on 4 occasions through ll August. 
Additional females with flight-capable young were observed on' Wet Sedge, 
Mosaic melt-water and ponds through July and more frequently in coastal Wet 
Sedge during early August. Fall flocking of adults and juveniles was noted 
from 14-16 August when small groups of up to 10 and one group of 150 pintails 
flew eastward along the coast. 

Jago Delta - Fairly common breeder. Pairs and small groups of pintails were 
observed flying over all habitats through June. Several "chases" involving 2 
males and one female occurred during early June and pairs were most frequently 
observed by ponds and among sedges in Flooded, Mosaic and Moist Sedge-Shrub 
habitats. Three nests were located: one in Moist Sedge-Shrub habitat on 10 
June, and one each in Mosaic tundra on ll and 22 June. Large flocks of 
females and juveniles (up to 37 birds) were observed congregating at coastal 
lakes and Tapkaurak Bay from 5 August through 30 August. 
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Marsh Creek Uncommon migrant and summer visitant. Two flocks of 
approximately 30 males were observed in flight on 7 June. Between 4 and 10 
July, a female was seen irregularly in the vicinity of camp. On 12 August, 3 
pintails were observed flying east. 

Niguanak - Fairly common spring and fall migrant; uncommon breeder. Male 
pintails were seen as early as 2 June, and were subsequently observed 
competing for females that began arriving during the second week of June. 
Most early observations were associated with small ponds scattered in Moist 
Sedge-Shrub habitat. Males were rarely observed after 1 July. Two nests 
containing 5 and 7 eggs were found within 100 m of Niguanak Lake. The first 
chicks were seen on 12 July, and at least one brood was observed on Niguanak 
Lake; however, broods were more commonly associated with small, shallow 
ponds. During August, small groups of females began congregating on ponds and 
lakes in Flooded habitat. Molting birds were noted between 1~ and 21 August, 
and pintail observations continued through 2q August. 

NORTHERN SHOVELER 

Okpilak Rare spring migrant. A pair was seen on the water in Flooded 
habitat on 4 June, and on 16 June a pair flew over camp. 

Jago Delta - Rare spring migrant. A pair was flushed from a small flooded 
area near Mosaic habitat on 12 June. 

AMERICAN WIGEON 

Okpilak - Rare spring migrant. 
northwest of the Okpilak camp. 

One bird was observed on 10 June, 2. 5 km 

Jago Bitty Rare visitant; possible breeder. Wigeon were observed on 4 
occasions between 3 and 16 June. Pairs were seen 3 times: once along the 
Jago River and twice on Okpirourak Creek 2. 4 km north of camp. The fourth 
sighting was of a lone bird along the Jago River near camp. 

GREATER SCAUP 

Okpilak - Rare spring migrant. One scaup was observed on a lake near camp on 
4 June, and a flock was seen on a coastal lagoon on q June. 

Sadlerochit - Rare spring migrant. A male scaup was seen swimming alone in 
the lagoon each day from 1-3 June. On 6 July, a male was observed swimming in 
the lagoon with a flock of 50 oldsquaw. 

Jago Delta - Rare migrant. A oair of scaup was observed swimming and then 
resting on an island 2 km northeast of camp on 4 June. On 25 August, a lone 
female was seen swimming on Tapkaurak Bay. 

COMMON EIDER 

Okpilak - Uncommon spring migrant. Common eider were observed on 3, 7, 8, and 
13 June. On the latter date, a flock of 25+ males and females was seen flying 
1.5 km north of camp. 
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Sadlerochit - Rare breeder; common summer resident. Large flocks of up to 250 
eiders were seen swimming among sea ice flows and in lagoons from 2-22 June. 
From 4-27 June, pairs and groups of up to 6 pairs flew along the river and 
through the study area, often pausing to swim on the river for short periods. 
One nest was located on a riv·er bank near camp on 7 July. The female was 
still incubating on 21 July. On 13 July, a female with brood of 3 chicks was 
observed along the river near the coast. Groups of ~-12 females were 
frequently seen flying and resting or foraging together off gravel bars in 
lagoons, along rivers, and on river deltas through July. Possibly these were 
failed breeders or non-nesting individuals. Large groups of females used 
barrier islands and rocky shoals through 16 August, apparently during 
post-breeding season molt. 

Jago Delta - Fairly common fall migrant. A group of 25 female eiders was seen 
swimming at the Jago River delta hy Martin Point on 10 July, and on 22 July a 
flock of 25 flew west off the coast. On 5 August, 35 drakes were seen flying 
west over Jago Lagoon, and a female was sighted in a pond near the coast. 

Niguanak - Rare spring migrant. One male was observed flying north on 6 June, 
and 4 males and l female were seen on Niguanak Lake, 8 June. 

KING EIDER 

Okpilak - Rare spring migrant. A flock of 12 flew west along Arey Lagoon on 2 
June, and a single individual flew east over camp on 10 June. 

Jago Delta - Common summer visitant; uncommon breeder. Mixed-sex flocks of 10 
and 25 eiders were seen flying northwest toward the coast on 10 and 13 June, 
respectively. A few king eider pairs were repeatedly observed resting on 
ponds in Flooded tundra and on islands and by ponds in Mosaic habitat from 
4-25 June. Groups of single females and females with broods aggregated by 
small ponds and lakes near the coast and at Tapkaurak Bay from 15 July through 
20 August. First observations of full-grown young occurred on 7 August. From 
21-30 August, most sightings consisted of small flocks of females flying along 
the coast, but a few individuals were seen resting in coastal lakes. 

Niguanak - Uncommon breeder. Two king eider pairs were frequently observed 
between o and 18 June in Flooded habitat. One nest was found on 21 June atop 
a small hummock 15 m from the shoreline of a large lake. Males were not 
observed after 18 June. A female with 3 young was seen on a shallow pond in 
Flooded habitat on 15 July. Two females resided with oldsouaw on the banks of 
Niguanak Lake between 7 and 24 July, and 4 adult females were observed 
together in Flooded habitat on 21 July. King eiders were not observed after 
24 July. 

SPEr.TACLED EIDER 

Okpilak Uncommon breeder. Spectacled eiders were infrequently observed 
between ll June and 24 July. Pairs were noted in Flooded habitat on ll, 13, 
and 16 June. One nest containing 4 eggs was discovered in Flooded habitat on 
10 June. The nest contained 5 eggs on 25 June and was incubated through at 
least 10 July. A female with 5 young was observed 16 July in the same 
vicinity. During late June, groups of 3 and 4 females were seen in Flooded 
habitat. 
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HARLEQUIN DUCK 

Katakturuk - Rare spring migrant. A lone harlequin duck was sighted on the 
Katakturuk River, 16 June. 

Jago Bitty - Rare visitant; probable breeder. A pair swam by camp on the Jago 
River on 4 occasions between q and 20 June. A lone female was observed near 
camp 4 additional times between 27 June and 4 August. 

Marsh Creek - Uncommon resident; rare breeder. Between 10 June and 10 July, 
individuals and pairs were occasionally seen flying up and down Marsh Creek. 
One male and 5 females fed near camp on 10 July. On ll and 12 August, R 

female with 5 young was observed on Marsh Creek. 

OLDSQUAW 

Okpilak Common resident; fairly common breeder. Oldsquaw were observed 
daily from 2 June through 14 August. Between 2 and 7 June, several flocks of 
6-12 birds were seen flying eastward over the tundra. By 13 June, males were 
displaying and vocalizing regularly, and male-male interactions were 
frequent. A female with 6 ducklings was observed on 17 July, and a second 
female with 7 young was seen on 20 July. A late clutch of 6 eggs (a seventh 
egg was buried) placed in Flooded habitat was observed hatching on 12 August. 
Also on 12 August, a brood of 4 well-developed juveniles with one female was 
observed on Camp Lake. A flock of 17 juveniles and 2 females was also seen on 
cainp Lake. 

Jago Bitty - Uncommon breeder. Pairs were observed regularly from 6 through 
16 June in Moist Sedge-Shrub and Wet Sedge habitats and on Okpirourak Creek. 
The last observation of a male occurred on 21 June. From 21 June through 22 
July, lone females were sighted on 6 occasions. It was suspected that nests 
were present in Moist Sedge-Shrub and Wet Sedge habitats, although none were 
found. 

Aichilik - Uncommon spring migrant. Oldsquaw were seen several times in June, 
usually associated with a small lake south of the Wet Sedge study plots. Both 
males and females were observed, but there was no evidence of nesting. 

Sadlerochit - Uncommon breeder; common summer resident. Oldsquaw were present 
in the area from 31 May through 14 August. Flocks of 10-100 birds flew 
eastward along the coast through 10 June, and on 2 June the first large flocks 
were observed in the lagoon. At least 2 pairs were already present on 31 May 
and remained until 3 July, swimming and feeding on the river and Wet Sedge 
ponds and once in Mosaic habitat. Fewer observations of singles and pairs 
occurred through July; these birds increased their use of ponds below bluffs 
as snow melted. No nests were located, but 2 were suspected in Riparian 
habitat and by shallow ponds in Wet Sedge tundra approximately 1.5 km south of 
camp. A female with estimated 6 week-old ducklings was observed in this area 
in a melt-water pond on 5 August. Rafts of primarily male oldsquaw swam and 
fed in the lagoon and outer Camden Bay throughout the season. Total numbers 
through June ranged from 50-200 and increased to 300 in July. A large influx 
occurred in August, with many flocks of 200-400 (up to l, 600 total at one 
time) observed swimming or resting on barrier islands. 
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Jago Delta - Fairly common breeder; common summer resident. Many small flocks 
of 10-25 oldsquaw flew eastward through the area from 2-7 June. Several pairs 
were observed swimming in lakes and ponds of Flooded and Mosaic habitats and 
along the river through 6 July. Males (of pairs) were visible in the area 
through 15 July. One nest under construction was discovered in Flooded 
habitat on ll June, but was depredated by 18 June. Another nest containing 7 
eggs was located in Mosaic habitat on 22 June. Outcome of the nest was 
unknown, but on 8 August a female with 7 ducklings was seen on a small lake 
close to the nest site. When we first visited the coast on lo July, flocks of 
males were seen in Jago Lagoon and along the river. Females with broods were 
first observed on 20 July near dunes along the coast and on 24 July on a lake 
near camp. Several sightings were made of females with broods of up to 7 
young on small ponds and in coastal bays through 23 August. Single females 
began to form small flocks in these areas also, sometimes aggregating with 
brood-rearing individuals. A major influx of oldsquaw (primarily males) 
occurred on 23 July when approximately 1,750 flew westward along the coast in 
flocks of 50-200. After this date, flocks using coastal lagoons generally did 
not exceed 6-12 birds through 30 August. 

Marsh Creek - Rare spring migrant. A flock of 8 males flushed from a small 
pond in Moist Sedge-Shrub habitat on 3 June. 

Niguanak - Fairly common breeder. Paired oldsquaw were present on 2 June 
(during the establishment of camp). Throughout June, territorial chasing, 
vocalizations, and additional pairing were observed on Niguanak Lake. Numbers 
and activity increased as lake-ice receded. Lakes and ponds in Flooded 
habitat were also utilized as were, to a lesser extent, the small ponds 
interspersed in Moist Sedge-Shrub habitat. One apparently successful nest 
with 7 eggs was placed near a small pond in Moist Sedge-Shrub habitat. The 
clutch hatched prior to 14 July. A second nest was situated atop strangmoor 
in Flooded habitat 30 m from a large lake. It was apparently destroyed by 
jaegers. After o July, males were no longer seen. During mid-July, females 
and broods began congregating on Niguanak Lake. On 21 July, 61 individuals 
were seen on the lake, and on 3 August, 5 broods of o, 6, 5, 5, and 7 chicks 
were recorded. During the latter half of August, oldsquaw numbers began 
decreasing on Niguanak Lake and females began more extensive utilization of 
adjacent Flooded habitats. 

SURF SCOTER 

Okpilak - Rare spring migrant. Five surf seaters were seen flying west on lo 
June. 

Sadlerochit - Rare spring migrant. Seven surf seaters were observed on 21 and 
22 June, and two were seen on 26 June, swimming and feeding in lagoon. 

Jago Delta - Rare fall migrant. Two flocks of 30 and 40 seaters swam and fed 
in Jago Lagoon on 25 August. At least a small percentage of these were adult 
females. 
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Niguanak - Uncommon summer migrant. Surf 
Niguanak Lake. The first sighting was a 
30, 38, and 25 rested and fed at the 
respectively. One individual was seen 

seaters were 
single bird 
lake on 30 

on 22 July, 

observed exclusively on 
on lo June. Flocks of 
June, 2 and 15 July, 
the last surf seater 

observation. 

WHITE-WINGED SCOTER 

Jago Bitty - Rare spring migrant. Three and 2 seaters were observed flying 
south-southeast on 15 and 18 June, respectively. 

Sadlerochit Uncommon spring migrant. White-winged 
observed on 3 June when one flew westward over the lagoon. 
of seaters (up to 7 birds) were observed swimming with 
oldsquaw on three occasions between 5 and 23 June. 
eastward low over the lagoon on 26 July. 

seaters 
Three 

flocks 
Eight 
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of up to 50 
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Niguanak - Rare summer migrant. Four individuals were obse~"ved with a flock 
of 38 surf seaters on Niguanak Lake on 2 July. 

COMMON MERGANSER 

Jago Bitty - Rare summer visitant. On 10 June, a male was seen flying nor>th 
along the Jago River, and on 1 July, a female was observed on Okpirourak Creek 
approximately 2.4 km north of camp. These wer>e the first records of this 
species occurring on the nor>th slope of ANWR. 

RED-BREASTED MERGANSER 

Okpilak - Rare spr>ing migrant. A group of 6 was observed flying north on 12 
June. 

Jago Bitty - Rar>e spring visitant. A lone female was observed flying north 
along the Jago River on 11 June. 

Aichilik - Uncommon summer> resident. Two and 3 individuals, including 1 or 2 
males, were seen frequently from o to 13 June on the Aichilik River> nea~" 

camp. Thr>oughout the remainder of the study period, 1 to 4 females were seen 
every 4 or 5 days. Although they wer>e present on the river near camp all 
summer, there was no evidence of local ~"eproduction. 

Sadlerochit - Fair>ly common summer visitant; pr>obable br>eeder. Sightings of a 
single pair of mergansers occurred on 7 occasions from 8 June to 1 July. 
Bi. rds we~"e observed either flying along the r>i ver, or> swimming in the lagoon 
and river. A few groups of 3-5 females wer>e first observed on 30 June and 
were infrequently sighted flying along the river Or> swimming in the lagoon 
through July. No nests were discovered, but a female leading a br-·ood of 6 
chicks was observed near the mouth of the river on 13 and 14 August. 

Jago Delta - Rare summer visitant. 
Tapkaurak Bay on 22 July. 

Two female merganser>s were observed in 
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Ma~sh c~eek - Rare mig~ant. A single female was observed flying upriver on 5 
June and o July. 

Niguanak - Rare migrant. One male flew west over Flooded habitat on 26 ,June. 

NORTHERN HARRIER 

Okpilak - Uncommon visitant. Six sightings of a single individual hunting and 
flying over Mosaic, Wet Sedge, and Moist Sedge-Shrub habitats occurred between 
2 June and 22 July. 

Katakturuk Rare spring visitant. One harrier was observed flying and 
hunting in the study area on 15 and 16 June. 

Jago Bitty - Rare breeder. One or 2 birds were observed almost daily from 5 
June to 3 July, typically hunting over Moist Sedge or Riparian habitats near 
camp. These observations were believed to represent a single, mated pair. 
Harriers were observed only twice after 3 July (on ll and 22 July) and no 
evidence of breeding was ascertained. 

Aichilik - Rare summer visitant. Brown-plumaged northern harriers (females or 
possibly immatures) were seen 4 times between q June and 5 August in Wet Sedge 
and Moist Sedge-Shrub habitats. Sightings were possibly of the same individual. 

Sadlerochit - Uncommon summer visitant. A female northern harrier was first 
obse~ved hunting near camp and by the bluff on 2 and 3 June. A male hunted 
along the bluff on 4 June, but was not sighted again. From 10 June to 13 July 
the female was seen on q dates. In June she typically hunted ave~ Moist 
Sedge-Shrub habitat and along the bluff, but was also seen in Wet Sedge and 
Mosaic tundra. In July she was obse~ved in Tussock upland tundra and hunting 
over Moist Sedge habitat east of the ~ive~. The last observation occurred on 
15 August when a brown-plumaged harrie~ was seen flying west near camp. 

Marsh Creek - Uncommon ~esident. Two pairs we~e regularly observed during 
early June over the bluffs and ~iver north of camp. Individual birds were 
sighted occasionally between ll June and 26 July. On 6 and ll August, an 
individual har~ier in Riparian habitat became very vocal and agitated at the 
presence of observers. 

Niguanak - Uncommon resident. Northern harrie~s were infrequently observed 
from 15 June to the end of study on 31 August. Hunting was generally 
associated with Flooded and Moist Sedge-Sh~ub habitats. 

ROUGH-LEGGED HAWK 

Okpilak - Uncommon summer visitant. Rough-legged hawks were obse~ved on 15 
occasions, beginning 2 June and ending ll August. It was unlikely that any 
breeding occurred in the Okpilak area, although a pa i~ was observed on 16 
July. 
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Katakturuk - Uncommon breeder. Rough-legged hawks were first observed on 7 
June when an active nest was discovered on Katakturuk bluffs. The female was 
a light phase individual. Incubation was underway on 7 June, and on 15 June a 
clutch of 4 eggs was observed. Hatching was in process on 28 June when 2 
young and 2 eggs were observed, and 4 downy young were seen in the nest on 14 
July (probably hatched by 30 June). By 10 July, one chick had apparently died 
and was put on the ledge outside of the nest by adults. Last sighting of 
adults was on 10 August. When the site was next visited on 18 August, 
rough-legged hawks were absent from the area. Assuming a 41 day period to 
fledging (Harrison lo78) it is probable that the young had gained independence 
by this date. 

Jago Bitty - Rare visitant. Rough-legged hawks were observed only twice on 
the study area: a single adult was seen over Moist Sedge habitat south of 
camp on 2 and 4 June. Seven pairs of rough-legged hawks were known to nest 
along an 8.5 km section of Igilatvik Creek, along the west side of Pilak, 
approximately 6.5-13.0 km southeast of camp. 

Aichilik - Uncommon visitant. A light-ohase bird was seen soaring west of the 
Aichilik River on 17 June and o Julv. A dark-phase hawk was seen from camp on 
q June and from the foothills on 7 July. 

Sadlerochit - Uncommon summer visitant. A male rough-legged hawk hunted over 
Tussock habitat on 2 June. Between 4 June and 13 July, single hawks were seen 
on 7 days hunting over Moist Sedge habitat east of the river, along t~e camp 
bl~ff and over Wet Sedge, Mosaic, and Moist Sedge-Shrub habitats. On 3 
occasions the hawk was positively identified as a female. A hawk circling 
over Wet Sedge tundra on 28 June was harassed at length by a pair of nesting 
parasitic jaegers. A final sighting occurred on q August when one h~wk hunted 
over Wet Sedge by the lagoon and was attacked vigorously by a long-tailed 
jaeger. 

Jago Delta - Fairly common summer visitant. Adult rough-legged hawks were 
observed on Q days from 12 June through 16 August. On 3 occasions during June 
and early July hawks were mobbed by pomarine jaegers. Hawks hunted over all 
habitats, but were seen most frequently over Mosaic and Riparian areas. A 
female was observed perched on the ground in a Mosaic tundra plot on 22 July, 
feeding on an unknown prey item. Two adults (possibly a pair) were sighted 
flying together on 26 June and 18 July. A juvenile hawk was seen hunting near 
camp with an adult on 27 August, and alone near Mart in Point on 20 and 30 
August. 

Marsh Creek - Uncommon spring visitant. Single individuals were seen in Marsh 
Creek drainage on 4 occasions between 2 and Q June. On ll June, l hawk hunted 
over Moist Sedge-Shrub habitat. 

Niguanak - Fairly common spring resident; uncommon fall visitant. Between 6 
June and 12 July, l-4 rough-legged hawks were regularly observed hunting and 
soaring over the ridges of a deep ravine 3 km northeast of camp. No sightings 
were made from 13 July to 8 August. During the latter weeks of August, l-4 
individuals were observed soaring over the general Niguanak area. 
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GOLDEN EAGLE 

Katakturuk - Rare summer visitant. Solitary golden eagles were sighted on 21 
June and 5 July soaring high above the study area. 

Jago Bitty - Fairly common summer visitant. Golden eagles were sighted on 16 
occasions from B June through 2"3 July. Eleven of these were believed to be 
repeat observations of a single subadult eagle. Eagles were seen hunting over 
Tussock, Moist Sedge, Moist Sedge-Shrub, and Riparian habitats from 6 km south 
to 10 km northeast of camp. 

Aichilik Fairly common summer resident. Immatures were seen regularly 
throughout the study period: 4 times in June, twice in July, and once on 7 
August. Mature individuals were seen 4 times in June; on 17 June, a nesting 
short-eared owl drove an intruding eagle from its territory. Additional 
sightings involved individuals too distant to age. 

Sadlerochit - Uncommon summer visitant. An adult golden eagle was observed 
hunting over Tussock upland tundra over an area from 6 to 15 km southwest of 
camp on 2 June. From 13 June through 23 July, a subadult was sighted on 5 
days hunting and flying over a wide area including all habitat types. These 
may have been repeat sightings of the same individual which appeared to be a 
2-"3 year old from the degree of white coloration on tail and wings. On "3 
occasions the eagle was harassed by long-tailed and parasitic jaegers and 
short-eared owls when it flew near nest territories along the river and the 
bluff south of camp. 

Jago Delta - Uncommon summer visitant. A subadul t eagle was sighted on 14 
June flying north along the river, and on 26 June flying over Moist 
Sedge-Shrub habitat while being mobbed by a parasitic and a pomarine jaeger. 
A subadult was observed on two occasions E.long the coast: on 10 July flying 
across sand dunes and on 16 August hunting over the mud flats. The last 
observation was of an immature eagle flying near camp on 22 August. 

Marsh Creek - Uncommon summer visitant. Frequent sightings of an immature, 
believed to be the same individual, were made during the last 2 weeks of 
June. Immatures were seen occasionally between 25 June and 26 July, and were 
often harassed by long-tailed or parasitic jaegers. 

Niguanak Fairly common summer resident. Solitary golden eagles were 
observed frequently between 3 June and 16 August across the greater Niguanak 
area. Regular sightings of a single individual were made at the mouth of a 
ravine 6 km northeast of camp. Sightings of immatures were 3 times more 
frequent than those for mature birds when age determination was possible. 

MERLIN 

Niguanak - Rare fall visitant. One female was seen repeatedly around the 
Okerokovik River ice field 13 km southwest of the Niguanak camp on a August. 
A female was observed circling a ravine "3 km northeast of camp on 16 August. 
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PEREGRINE FALCON 

Okpilak - Uncommon visitant. Five s ightings of solitary falcons were made 
between ll June and 23 July. All birds were seen in flight except for an 
adult that was perched on a hummock in Flooded habitat along the Okpilak River 
on 12 June. 

Sadlerochit - Uncommon summer visitant; rare fall migrant. Peregrine falcons 
were sighted passing through area on 6 days from 17 June through 15 August. 
On 17 June, an adult was chased by an arctic tern from the river near camp to 
a distance approximately 6 km southwest of camp. Two adults were observed 
circling over upland Tussock tundra on 5 July. They passed very close to each 
other and one ha 1 f -rolled over to briefly present its talons to the other; 
then both flew rapidly to the south. A peregrine of unidentified age was 
chased by several long-tailed and pomarine jaegers over Moist Sedge habitat 
east of the river on 7 July, and on 14 July a very large falcon (possibly 
female) flew rapidly westward along the coast. In late season (ll and 15 
August), two sightings of solitary, immature falcons being chased to the 
southwest by parasitic and long-tailed jaegers were made near camp. 

Jago Delta - Rare summer visitant; fairly common fall migrant. A small, dark 
falcon flew east along the coast on 23 July, and a similar plumaged bird was 
observed flying north along the river drainage near camp on 26 July. Solitary 
falcons were sighted 3 times from 21-27 August. A subadult with light-colored 
plumage was seen on 21 August flying south upriver, and again on 27 August 
circling the study area, then flying toward the coast. On 25 August a large 
adult female was sighted flying over Tapkaurak Bay. 

Niguanak - Uncommon visitant. Single individuals were sighted on 11 occasions 
between 16 June and 2Q August. Two of the falcons were hunting in ravines, 
and the remaining individuals were flying quickly through the area, often 
pursued by pomarine jaegers. 

GYRFALCON 

Katakturuk - Rare summer visitant. Two sightings of adult gyrfalcons were 
made on 16 June and 5 July. A pair was observed at the northern mouth of 
Katakturuk River gorge (Sadlerochit Mtns) on 28 July near what appeared to be 
highly suitable nesting habitat. 

Jago Bitty - Rare fall visitant. A single gyrfalcon was observed on 13 August 
flying over upland Tussock habitat. 

Aichilik - Rare summer visitant. Two light-gray gyrfalcons were seen hunting 
together over Moist Sedge-Shrub habitat on 1 July. One of the falcons was in 
pursuit of a willow ptarmigan. A third, solitary dark-gray individual hunted 
over Wet Sedge habitat on 6 July. 

Sadlerochit - Rare fall visitant. A light gray-phase adult gyrfalcon was 
observed on 15 August flying north toward the coast over river drainage while 
being chased by a long-tailed jaeger. The observation was made 20 min after a 
peregrine falcon passed through the area. 
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Jago Delta - Rare fall visitant. One immature, brown-plumaged gyrfalcon was 
observed flying low over mudflats near Tapkaurak Bay on 25 August. 

Marsh Creek Uncommon resident. A gray-phase gyrfalcon was frequently 
observed hunting over the Marsh Creek area during June. Two sightings were 
made in July, and individuals observed on 7 and 11 August were harassed by 
both long-tailed and parasitic jaegers. An immature falcon flew through the 
camp area and perched briefly on the west river bluff on 18 August. 

Niguanak - Rare fall visitant. Solitary gyrfalcons were seen on the last days 
of field observations, 20 and 30 August. 

Okpilak Uncommon 
observed between 5 
Sedge-Shrub habitat. 

WILLOW PTARMIGAN 

summer resident. Willow ptarmigan were infrequently 
June and 11 August. All sightings were in Moist 

Katakturuk - Fairly common breeder; common summer resident. Willow ptarmigan 
were frequently observed in Tussock habitat on 7 of o weekends: the area was 
surveyed from 15 June through 17 August. Although only 1 nest was located, 
the number of adult ptarmigans seen in June suggests that more may have 
nested. The nest containing o eggs was discovered in Tussock tundra on 21 
June and was successfully hatched by 20 June. 

Jago Bitty - Abundant breeder. Birds were observed daily from 2 June through 
16' August. Willow ptarmigan occurred in all habitat types, but were most 
abundant in Riparian, Moist Sedge-Shrub, and Tussock tundra types. Males 
performed courtship displays from 2-12 June and defended territories 
throughout most of the month. Females became more conspicuous after clutches 
hatched (1-15 July) and by 22 July large numbers of pairs and females with 
broods were observed. Fqur nests each were found in Riparian and Wet Sedge 
habitats, three were discovered in Moist Sedge-Shrub, and one in Tussock 
habitat. Mean clutch size was 0.7 (n=lO). Data suggested that nests were 
initiated in early June and that hatching occurred by early July. Willow 
ptarmigan chicks (1-2 days old) were first observed on 20 June, and fledglings 
were first seen on o July. By 15 July, the majority of young observed were 
flight-capable. Beginning 22 July, juveniles were abundant in Riparian and 
Moist Sedge-Shrub habitats. Molting males were first noted on 8 June, and by 
1 July the first complete summer plumages were observed. The majority of 
males seen after 8 July had fully molted. Females were in summer plumage when 
observers arrived on the study area on 2 June. 

Aichilik - Common resident; fairly common breeder. Willow ptarmigan were seen 
daily throughout the study period. They were most common in Moist Sedge-Shrub 
and Tussock habitats away from the Aichilik River, but were also observed 
frequently in Wet Sedge habitat. Males were molting into summer plumage by 2 
June, and some males had completed molt by 24 June. A nest with o eggs was 
discovered in Tussock habitat on 11 June, and a second nest in Tussock habitat 
with 8 eggs hatched by 17 July. Flight-capable juveniles were seen as early 
as 17 July. 
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Sadlerochit - Fairly common breeder. Willow ptarmigan were observed from 2 
June to 16 August. Males performed courtship and territorial displays through 
17 June in Tussock, Moist Sedge-Shrub, and Mosaic habitats, and along the edge 
of the bluff. They were noticeably secretive after this point. No nests were 
located; however, chicks (several days old) were first observed on 8 July in 
Moist Sedge-Shrub vegetation and from o to 17 July in Tussock and closed 
Riparian shrub habitats. On 21 July, the first group of adult male ptarmigans 
was observed. From 8 to 16 August, multiple family groups were noted in 
Riparian shrub, Moist Sedge-Shrub, and Wet Sedge habitats. Female willow 
ptarmigan were in summer plumage on 2 June. Males were partially molted (head 
and neck) by this date and some were in full summer plumage by 8 July. 

Marsh Creek - Fairly common breeder. Males frequently displayed and engaged 
in territorial confrontations with rock ptarmigan between 2 and ll June. 
Willow ptarmigan tended to occur in shrubbier habitats compared to the more 
abundant rock ptarmigan. Two nests contained 10 and ll eggs that hatched in 
late June. Following hatch, family groups were frequently observed in 
Riparian habitat. Flight-capable chicks were seen by 14 July. 

Niguanak - Fairly common breeder. hlillow ptarmigan pairs were observed during 
early June in Tussock and Moist Sedge-Shrub habitats. Males frequently had 
non-aggressive, highly vocal, territorial disputes with male rock ptarmigan. 
On 11 June, a male was observed "popping" straight off the ground and making 
contact with a low flying pomarine jaeger. Chicks, barely able to fly, were 
first observed on o July. During mid-August, family groups congregated with 
large numbers of rock ptarmigan in a ravine 3 km northeast of camp. 

ROCK PTARMIGAN 

Okpilak - Fairly common breeder. Rock ptarmigan were observed frequently from 
2 June through 11 August. Males displayed and vocalized during early June. 
By 2 July, male molting appeared complete. On 16 July, a flock of 11 adult 
males was flushed as it moved towards the Okpilak River. A female with a 
brood of 8 was flushed on 17 July, and one with a brood of 6 was observed in 
Moist Sedge-Shrub habitat on 7 August. 

Katakturuk - Fairly common breeder; common summer resident. Rock ptarmigan 
were frequently observed in Riparian habitat (less often in Tussock and Moist 
Sedge habitats) every weekend the area was surveyed from 7 June through 17 
August. Two nests located in Tussock habitat were apparently successful, as 
broods were observed in the vicinity. Large flocks began appearing in 
Riparian habitat by o August and even greater numbers were present by 16 
August. 

Jago Bitty - Abundant breeder. Rock ptarmigan were observed daily from 2 June 
to 16 August. From 10 June to 11 July, sightings were fairly uniform across 
habitat types. Thereafter, females congregated with broods predominantly in 
Moist Sedge and Riparian habitats, and concentrations of males were 
occasionally observed in Wet Sedge tundra. Males displayed and defended 
territories from 2-10 June. Nests were found in all habitat types: 4 in 
Riparian, 3 in Moist Sedge, 2 in Tussock, and one each in Moist Sedge-Shrub 
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and \I.Tet Sedge. Mean clutch size was 8.0 ep;gs (n=lO). Data suggested tho_t 
initiation of incubation occurred in early June and that hatching began in 
late June. Clutches from 8 of 10 successful nests observed hatched between 2~ 
June and 6 July. Roc~ ptarmigan chicks (l-2 days old) were first observed on 
l July and most young were fledged by l) July. Juv·en iles with adults were 
most commonly observed in riparian zones adjacent to Wet Sedge; a maximum of 6 
adults and 41 juveniles were sighted here on q August. A few male ptarmigan 
had begun to molt into summer plumage by 7 June, and by 6 July most were fully 
mol t~d. Females were in summer plumage when observers aPrived at the study 
area on 2 June. 

AichilH~ - Common summer resident; fairly common breeder. Rock ptarmigan were 
seen daily throughout the summer, usually in Wet Sedge, Riparian, and Tussoc~ 
habitats. Males entered summer molt in mid-June and the molt was completed by 
o July. Male territorial dis plays ~.<rere common unt-> il 21) June. An incomplete 
.U-egg clutch Has found on Dryas bench 12 June, and a long-tailed jaeger was 
believed responsible for its depredation. Few rock ptarmigan broods were 
positively identified, hut broods of 6, o, and 7 juveniles were seen 
respectively on 24 July, 26 July, and 6 August. Flocking males were observed 
as early as 4 July, and sightings continued through 8 August. 

Sadlerochit - Common breeder. Rock ptarmigan were observed daily from )l May 
to 15 August. Males displayed in all habitats, hut were observed most in 
Moist Sedge and Moist Sedge-Shrub habitats along river flood plain and 
uplands, and in Tussock tundra. Ten nests were located: l in Riparian 
habitat, and 3 each in Tussock tundra, Moist Sedge-Shrub of uplands, and Moist 
Sedge-Shrub in river flood plain. Initiation of incubation varied widely from 
10-20 June. Chicks (l-2 days old) were first observed on 7 July and latest 
known hatching occurred on 24 July. Most young Here observed to fly by 22 
July. In July, greatest numbers of family groups were seen along the river 
bank in Moist Sedge and open Riparian shrub habitats, although birds 
frequently were observed in upland Moist Sedge-Shrub and Tussock tundra. In 
early July, male groups were seen in Riparian, Moist Sedge-Shrub, and Tussock 
habitats, and multiple family groups began aggregating in Riparian habitats 
and flood plain shrub lands frequently after 22 July. Fewer ptarmi,gan were 
observed in Tussock habitat in August, although they were abundant in a willow 
drainage that coursed through uplands. Male rock ptarmigan were observed 
molting into summer plumage on ll June and many were fully molted by 27 June. 
Females were already in summer plumage when first seen on 5 June. On 6 August 
one male was beginning to molt from summer into Hinter plumage. 

,Jago Delta - Common breeder. Rock ptarmigan were observed daily through 20 
August. Pairs and displaying males were observed freauentlv in all habitats 
through 7 June, and males continued to defend territories through 27 June. A 
nest with 2 eggs was discovered on 2 June in Rinarian habitat. No other nests 
.vere discovered, hut freauency of male and female sight ings and flushings of 
females during June suggested that several other nests existed in Rioarian, 
Mosaic, and Moist Sedge-Shrub habitats. Chicks Cl-2 days old) Here first seen 
in Riparian habitat on 10 July, and fledged young Here oresent on Mosaic 
tundra on 8 August. Aggregates of family groups were observed most 

284 



frequently in Mosaic habitat with a maximum of 72 individuals sighted on 14 
August. Rock ptarmigan were less abundant in the study area in late season, 
and only a few adults and single familv groups were seen in Mosaic and 
Riparian areas from 21-20 August. Male ptarmigan were beginning to molt into 
summer plumage by 1'3 June and th8 first COITloletely molted individual was seen 
on 23 June. 

Marsh Creek - Common breeder. During the first 2 weeks of June, males engaged 
in display flights and territorial disputes (particularly with willow 
ptarmigan) throughout various habitats. Females apparently began to nest and 
brood eggs during this time. Male displays tapered off from 15-25 June. Eggs 
hatched earlv in July and family groups were seen more frequently in Riparian 
habitat. Flight-capable chicks were first seen on o July. Male display 
flights were again noted during late July and August. 

Niguanak - Common breeder. Rock ptarmigan pairs were present when field study 
initiated on l June. Territorial display flights by males were frequent 
through 26 June in Tussock habitat, including Tussock communities interspersed 
within other habitat types. Males showed signs of summer molt by 8 June, and 
fall molt was apparent by 2'3 July. The first chicks were observed, with a 
very defensive female, on '3 July. Family groups congregated in ravines during 
mid-August. On 14 August, over 125 otarmigan were observed actively feeding 
during late-night hours in a ravine '3 km northeast of camp. 

SANDHILL CRANJ<: 

Okpilak - Uncommon summer resident. Sandhill cranes were heard or observed on 
28 days during the field season. Birds were usually heard vocalizing in the 
distance. First and last observations were on 2 June and 14 August, 
respectively. 

Aichilik - Rare summer visitant. A single sandhill crane was seen on lA June 
on the tussock ridge west of camp. The bird was not seen again but was heard 
in the same location almost daily through 22 June. 

Sadlerochit Rare spring migrant. On 5 and 6 June a single adult crane 
foraged in Wet Sedge tundra near the lagoon and by camp. Two adults were seen 
foraging together in Wet Sedge by the lagoon on 1'3 June, and on 15 June, crane 
vocali?.ations were heard east of the river across from camp. 

Jago Delta - Fairly common summer visitant. Sandhill cranes were observerl 
almost daily through June. A solitary crane was first seen displaying on a 
dry bluff south of camp on 4 June. Generally, observations were of single 
birds foraging or vocalizing loudly in Mosaic habitat and by the river, small 
tributaries and lakes. Flooded habitat was infrequently utilized by cran~s. 

During mid-summer, cranes were observed or heard on 4 days from l-2t:; July. 
Staging individuals, pairs, and small groups were seen feeding and vocalizing 
off plots and on mudflats and bluffs of the coast from 21-'30 August. 
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BLACK-BELLIED PLOVER 

Okpilak Uncommon sp-ring and fall migrant. Observations were made of a 
single bird foraging in Wet and Moist Sedge habitats on 2 and 3 June. Three 
birds Here sighted in Flooded habitat on 24 July. Six sightings occurred 
hetHeen 6 and 13 August when lesser golden-plovers and black-bellied plovers 
appeared to he initiating fall migration. 

Aichilik - Rare spring and fall migrant. A single bird was seen i~ flight on 
15 June, and 4 were seen in Moist Sedge habitat on 14 August. 

Sadlerochit Rare spring migrant: fairly common fall migrant. Single male 
plovers in full breeding plumage were sighted flying over and perched in 
Riparian or Mosaic habitat on 3 occasions between 2 and 5 June. Small flocks 
of 2-ll adults flew eastward along the coast and foraged on mudflats of the 
delta and the river from 7 August through 15 August; several of these birds 
had begun to molt into winter plumage . 

• Jago Delta Fairly common spring and summer visitant; pass ible breeder; 
common fall migrant. Plovers were sighted regularly from 2 June through 10 
August. Three birds were observed flying together in a circular pattern and 
"sauaHking" loudly on 5 June. Individuals and pairs seen through June and 
July were primarily in Flooded and Wet Sedge habitats. Frequent sightings of 
adults vocalizing and chasing jaegers in this area suggested the presence of a 
nest, but no evidence of young was discovered. Pairs were first noted 
foraging on coastal mudflats and flying eastward on 1 o July. FJ ocks of 1-20 
adults began congregating at the coast and moving eastward on ll August, and 
reached a maximum observed number of 6n on 25 August. The first juveniles of 
the season were observed on 28 August after adults had apparently moved 
through the area. On 10 August a total of 7~ immatures in flocks were 
observed flying eastward and feeding on delta mudflats. 

Niguanak - Rare spring and fall migrant. One pair was observed feeding around 
snow-free tussocks near camp on l and 2 June. Two birds were seen flying east 
on both 2q and 30 August. 

LESSER GOLDEN-PLOVER 

Okpilak Fairly common breeder and fall migrant. Birds were observed 
regularly from 2 June to 14 August. Copulation was first noted on ll June and 
distraction display occurred on 24 June. Two nests were discovered on 14 and 
10 June; both were in Mosaic habitat and both contained 4 eggs. Initial fall 
migration movements were recorded on 23 July as flocks were observed flying 
east and northeast. 

Katakturuk - Fairly common breeder. Plovers were observed frequently in all 
habitats on all weekends from 7 June - 17 August. One nest each was located 
in Tussock (15 June) and Moist Sedge (16 June) habitats, and 2 were found on 
Dryas riparian terraces (o and 28 June). Mean clutch size was 3.7~ (n=ll). 
Hatching was observed at 2 nests on n and 12 July, and assuming a incubation 
period of 27-28 days (Harrison J078), nest initiation occured during the 
second week of June. 
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Jago Bitty - Fairly common breeder. Birds were observed regularly from 2 June 
through 16 August. Lesser golden-plovers were observed in all habitat types, 
with greatest densities of adults occurring in Riparian and ~oist Sedge 
habitats. Courtship activities (displaying, vocalizing, flying together, 
aggressive interactions) were noted from 2-19 June. Seven nests were located 
between 17 June and 5 July and were found in all habitats except Wet Sedge. 
Two nests each were located in Moist Sedge-Shrub, Moist Sedge and Riparian 
types, and one was found in Tussock habitat. Mean clutch size 1r1as 3. 4 eggs 
(n=7). Chronology data suggested the occurrence of two general nesting 
patterns Hithin the breeding season. Two of 7 clutches hatched by 5 July, 
indicating initiation at the beginning of June, assuming a 27-28 day 
hwubation period (Harrison 1978). '!'he 5 remaining clutches hatched between 
10 and 23 July and were apparently initiated during the last 2 Heeks of June. 
<Juvenile plovers were observed in all habitats; hm..Jever, concentrations of 
juveniles were seen only in Moist Sedge and Moist Sedge-Shrub. ,Juveniles 
began to form into groups after 6 August, although some young plovers were 
still less than half grown and attended by adults at that time. Adults 
congregated with other shorebirds in Riparian and Wet Sedge habitats from 
15-19 July. From 22-25 July, relatively large numbers (53 birds in ll flocks) 
of plovers migrated eastward through the study area. 

Aichilik - Common breeder and fall migrant. Probably the most conspicuous 
bird species at Aichilik. In June, male territorial display flights and 
aggressive interactions were common. Nineteen nests were found: 9 in 
Riparian Dryas bench, 5 in Tussock, :1 in Moist Sedge, 1 in Moist Sedge-Shrub, 
and l in Wet Sedge habitat. The first nest was found on 7 June and contained 
4 eggs. All nests had 4 eggs except for one that contained 2 eggs layed on 
approximately 25 June, possibly a renest attempt. Known hatch dates ranged 
between 4 and 21 July, with the majority occurring between 14-16 July. By the 
second week of August, all young birds were in juvenile plumage. Beginning as 
early as 15 July, small flocks (6-15 birds) were seen flying eastward. On 2~ 

July, five separate flocks flying east were seen during a il-hour period. 

Sadlerochit Fairly common breeder. Plovers were observed from ~l May 
through 16 August. Pairs were seen as early as l June, and displays (calling 
in-flight, flying together) were noted from 2-15 June. Copulation was first 
observed on 8 June. Nests were located in all habitats exclusive of Wet Sedge 
from ll-~0 June. Three nests each were located in Mosaic and Tussock habitats 
and 2 v.rere found in Riparian dry barren/forb complex. Evidence of probable 
nesting (highly defensive adults or adults with chicks) was seen in Moist 
Sedge habitat along the river flood plain and in Moist Sedge-Shrub upland 
zones. Chronology data suggested an extended breeding season for plovers, 
with actual and estimated (from age of observed chicks) hatching dates ranging 
from early July through the beginning of August. Two nests found depredated 
during <Tune suggested that some of the later hatching nests in the vicinity 
may have been renest attempts. Soon after hatching, adults were observed most 
frequently with chicks in Riparian habitat and by bluff melt-water ponds where 
they were seen through the end of July. Beginning 16 July, flocks of 
juveniles (3-12 birds) staged and foraged in these habitats as well. From 
22- ~l July, small groups of adults were observed flying eastward through the 
study area. By early August, adults were absent from the area except those 
that raised late broods. A few juvenile groups were seen moving eastward and 
foraging by the river on 16 August. Lesser golden-plovers were already in 
summer plumage when they arrived in spring. Some plovers were molting into 
Hinter plumage on 14 July and several adults Here fully molted by 11 August. 
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,Jago Delta - Fairly common breeder. Lesser golden-plovers Here observed daily 
from 4 June through 30 August. Pairs were first seen on 7 June and the first 
observation of nest building occurred on 13 June. Five active nests, ea8h 
containing 4 eggs, were located between 10 June and 6 July: u in Moist 
Sedge-Shrub tundra, and l in Mosaic habitat. Chicks (l-2 days old) were first 
observed on 2 July, and were last noted on 3 August. Adults with chicks, and 
juveniles moving through the area, were observed most frequently foraging in 
Riparian, Flooded, and Wet Sedge habitats through the latter part of July. 
Through August, plover observations consisted primarily of small juvenile 
flocks (3-10 birds) flying eastward through the area, or foraging on Riparian 
Dryas benches and mudflats of the river and coast. A maximum count of 25 
birds was noted on 30 August. First observations of adults molting into 
winter plumage were made on ~ July. 

Marsh Creek - Common breeder and fall migrant. During the first 10 days of 
June, male display flights were especially common in the evenings, but after 
ll June the activity was no longer observed. A nest containing a single egg 
was found on Riparian Dryas terrace on 5 June. Pipping eggs were first noted 
on 2 July, and adults entered molt shortly after hatch. Eastward migration 
was first observed on 22 July. 

Niguanak - Common breeder and fall migrant. Vocal males flying with deep, 
slow wingbeats displayed over the tundra between 2 and q ,June. The first 
active nest was found on ll June, where the adults were observed performing 
intense distraction displays. Frost scars, fl"'ost boils, and other sparsely 
vegetated microsites interspersed within a variety of habitat types Here used 
as nesting areas. Another pair was observed copulating on 20 June. Hatching 
began in early July and continued through the middle of the month. Both 
adults attended chicks and were often observed in Wet Sedge communities around 
pond peripheries. Numerous low-flying flocks comprised of 3-20 adult plovers 
migrated eastward between 2~ July and 3 August, particularly during the 
morning hours. The major juvenile migration occurred cluring the last two 
weeks of August. 

SEMIPALMATED PLOVER 

Katakturuk Rare breeder; fairly common summer resident. Semipalmated 
plovers were observed in Riparian habitat on 9 of 10 surveys, beginning 7 June 
and ending 17 August. One nest containing 4 eggs was found in Ripal"'ian 
habitat on 16 June. The nest may have been subjected to flooding during heavy 
early-July rains; it contained 3 eggs on 28 June and was empty by 5 July. One 
chick was observed nearby on 5 July. 

Jago Bitty - Rare visitant. Plovers were observed on 8 occasions from 2 to 16 
June; 2 birds were observed in Moist Sedge habitat, one in Moist Sedge-Shrub, 
and the remaining were seen on gravel bars along the Jago River. Semipalmated 
plovers also were sighted along the river approximately 6 km south of camp on 
12 and 26 July. 

Aichilik - Uncommon spring migrant. First sighting consisted of 3 birds on o 
June. Two were observed in Riparian habitat 13 June, and one individual was 
seen 3 km upriver on 20 June. 
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Sadlerochit - Rare breeder. A single adult plover was sighted on 4 days from 
6 through 27 June; on 3 occasions a male was observed foraging and displaying 
on a Riparian mudflat near camp, and a male was seen displaying at the tip of 
Anderson Spit. On 8 July, a nest containing 4 ne~r!ly hatched chicks was 
discovered on a bare-ground scrape among pebbles on the river bank near camp. 
Observers had walked frequently through this area during June without flushin~ 
an incubating adult. After hatching, no plovers were observed until 14 August 
when a single adult was sighted foraging on the lagoon shore. 

eTa go Delta - Rare migrant. Two single adults were observed on 2 June: one 
flew in a circular pattern through camp area "cacl<ling" loudly, and one flew 
eastward, approximately 5 km south of coast. Two juvenile plovers fed with 
juvenile d~nlin and semipalmated sandpipers on Riparian mudflats on 15 August, 
and 3 juveniles were observed in this habitat on 16 August. An individual of 
unknown age vocalized from the river area on 19 August. 

~arsh Creek - Rare visitant. Semipalmated plovers were seen south of camp in 
Riparian habitat on 19 and 20 June. 

Niguanak - Rare migrant. Two juveniles were seen on 9 August 13 km southwest 
of the Niguanak camp on a gravel bar along the Okerokovik River. 

WANDERING TATTLER 

Katakturuk Rare visitant. A single wandering tattler was sighted in 
Riparian habitat on 21 June. 

Marsh Creek - Rare breeder. On 6 June, l bird was seen foraging along Marsh 
Creek on gravel and sand bars. Between 30 June and 3 July, a single adult was 
again observed foraging, and on 8 July 3 adults with at least 3 chicks were 
seen in the Riparian habitat. One adult Hi th l chick was sighted on 24 Jul~r. 

SPOTTED SANDPIPER 

Katakturuk - Rare visitant. Sightings of solitary spotted sandpipers occurred 
on 7, 21, and 28 June in Riparian habitat. 

Jago Bitty - Rare visitant. Several birds were observed in Riparian habitat 
approximately 6 km south of camp on 13 July. 

Marsh Creek Rare breeder. A pair, first seen on 10 June, successfully 
nested in Riparian habitat. The nest was discovered on 19 June and contained 
4 eggs. Both adults were observed attending chicks near the nest site on 24 
July. 

TrJHIMBREL 

Katakturuk - Rare summer visitant: possible breeder. A pair of whimbrels was 
observed in an area of high center polygons near Tussock habitat on 26 July. 
One individual flew and perched repeatedly in the area, while scolding and 
acting defensively, as if chicks were present. 
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Jago Bi tty - Rare visitant; possible breeder. Whimbrels were sighted on "i 
occasions between 16 June and 21 July; three sightings were of lone birds and 
two sightings were of a pair. On 21 July, a whimbrel in Riparian habitat 
performed distractive displays, suggesting that eggs or young were nearby. A 
final pair of whimbrels was observed flying over Moist Sedge-Shrub habitat on 
12 August. 

Aichilil< - Rare breeder; uncommon to fairly common visitant. Throughout ,June, 
whimbrels were seen in small groups of 2-4 in Moist Sedge and Wet Sedge 
habitats about once every "i days. During cTuly, sightings of larger flocl<:s 
(3-18 individuals) occurred daily. A whimbrel nest was found on 16 June on a 
low hummock in Wet Sedge habitat. There were ? eggs, markedly unequal in 
size, indicating a possible renest attempt. Harrison (lQ78) reported a normal 
clutch-size range of 3-5. The eggs hatched between 7 and 1? July; backdating 
(Harrison lQ7A) indicated egg laying between 10-11:) ,June. This was the first 
confirmed nesting by whimbrels on the Al\TWR coastal plain. On 20 ,July, a 
fledgling was seen with an adult about ~00 m from the nest site. The last 
whimbrel observation consisted of 2 birds in Moist Sedge-Shrub habitat on ") 
August. 

Sadlerochit - Rare summer visitant. Whimbrels were sighted on "i days between 
13 ,June and 21 July. On n ,June and l"i July, sightings were of solitary 
adults flying into Riparian and over Mosaic habitats respectively, calling in 
flight. Four adults were again observed foraging in Moist Sedge vegetation 
along the river bank on 13 July. A final sighting on 21 July, Has of 2 adults 
flying over the lagoon. 

fv!arsh Creek - Rare spring migrant. On 5 June, one Hhimbrel t-ras seen in Moist 
Sedge-Shrub habitat 5 km north of camp. 

Niguanak - Rare migrant. 
,Jul~r. 

THo whimbrels were observed flying together on 5 

BLACK-TAILED GODWIT 

Jago Delta - Casual fall migrant. One godHit in juvenile plumage Has observed 
(with a flock of long-billed doHitchers) flying eastward over Flooded habitat 
on 27 August. 

RUDDY TURNSTONE 

Okpilak - Uncommon summer resident; possible breeder. The first sighting was 
of a single bird flying eastward over a coastal lagoon on ? June. Almost all 
observations were either in Riparian habitat or along coastal peripheries. 
The last ruddy turnstone observation was on 4 August at the coast. 

Katakturuk Fairly common summer resident; probable breeder. Rucld? 
turns tones were observed in Riparian habitat during 7 surveys from 7 June 
through 19-20 July. A pair was suspected of nesting along the river drainage. 

Jago Bitty - Fairly common breeder. Birds were seen regularly between 2 cTune 
and 21:) July, mainly in Riparian areas near camp and between camp and Wet Sedge 
plots 9 km northeast of camp. Although no nests Here found, a pair probably 
nested on a gravel bar near camp, and at least 2 additional pairs probably 
nested along the Jago River, approximately. 3-7 km northeast of camp. Ruddy 
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turns tones frequently used Dryas terraces adjacent to river from 24 ,June to l ~ 
July. A.dul ts performed distraction displays and behaved as if young were 
nearby; however, no juvenile turnstones were observed during the field season. 

Aichilik - Fairly common breeder. Ruddy turnstones were conspicuous residents 
of Riparian gravel bars throughout the study period. During the first 3 weeks 
of June, aerial displays and aggressive flights against jaegers occurred 
frequently. Three nests found on 7 June each contained 4 eggs and were 
located on a gravel bar near camp. One of the nests was depredated within a 
lf'leel<. A nest found on F. <July was :w m from the earlier depredated nest, Rnrl 
contained only a ~-egg clutch. This '"as suspected to be a renest attempt by 
the same p:=tir and was empty 1,rhen rechecked l ~ ,July. No fledglings were seen 
in the Aichili~ area. 

Sadlerochit - Fairly common breeder; common summer resident. Ruddy turnstones 
were frequently sighted near the Sadlerochit River from ~l May to lF. August. 
Pairs were first seen in Riparian habitat on 1 June, and 4 nests were 
discovered on sparsely vegetated mudflats of river channels between 8 and 13 
June. All nests contained 4-egg clutches. Turnstones frequently vocalized at 
jaegers and chased them through the area. By 20 June, 2 nests were found 
empty, apparently depredated. A.t least 2 groups of adults with chicks less 
than one wee~< old were seen foraging along the river on 27 June and 7 July. 
~urnstone adults were fiercely defensive of their young against jaegers, 
gulls, owls, and foxes: "patrols" of 3-7 birds flew constantly through the 
area to harass all intruders during the brood rearing period of July. The 
first juvenile was seen on 21 July, and a group of 4 juveniles was sighted on 
8 August. Most observations through Fi August were of single juveniles or 
juveniles and adults foraging in ~oist Sedge vegetation along river banks or 
on mudflats. Turnstone adults were present in the area with fledgling young 
for longer periods than other shorebird species. No adults were observed to 
be moltinp, into winter plumage. 

Ja~o Delta - Fairly common breeder; common summer resident. Ruddy turnstones 
were seen daily in Riparian habitat from 2 June through F. August. One 
observation of a turnstone perched in Wet Sedge tundra occurred on "i June. 
Pairs were not observed until 7 Julv when the first nest was discovered. Four 
additional nests (all with 4-egg clutches) were located in sparsely vegetated 
Riparian habitat through 6 July. The latest observation of incubation was on 
12 July, although young chicks accompanied by adults were already present in 
Riparian habitat on 6 ,July. Through July, most observations were of single 
adults and family groups foraging along the river. An individual was observed 
foraging with a flock of semipalmated sandpipers on coastal mudflats on lg 
July. Only juveniles were observed during August: single birds were seen in 
Riparian habitat on 15 and lF. August, and on 2"i August one was sighted on 
mudflats west of the delta feeding with a mixed flock of shorebirds. 

Marsh Creek - Fairly common breeder. Ruddy turnstones were obvious and common 
inhabitants of the Marsh Creek drainage. Two nests, found 11 and 1? June, 
contained 4 eggs each and were located on gravelly substrates in Riparian 
habitat. The first eggs pipped on 25 June; after 6 ,July, adults with young 
were seen in various locations along the river. First fall migration 
movements were noted on 22 July, and no turnstones were seen after 7 August. 

Niguanak - Rare summer migrant. Two ruddy turnstones were seen flying through 
the Niguanak area on 18 June. One bird was seen briefly mingling with a flock 
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of 18 pectoral sandpipers on 20 August. Pairs and small flocks were seen 
during the summer in Riparian habitat outside the immediate Niguanak cam;:> 
area: Jago River, Niguanak River, and Okerokovik River. 

SANDERLING 

Sadlerochit - Rare spring migrant. On 6 June, a flock of 15 sanderlings 
foraged with Baird's, stilt, and semi palma ted sandpipers on lagoon mudflats. 
Several were in full breeding plumage, while others were in various stages of 
molt. 

Jago Delta - Common fall migrant. Juvenile sanderlings were observed feeding 
on mudflats at the coast in mixed shorebird groups on 8 occasions between 22 
July and 29 August. Through 21 August, observations consisted primarily of 
scattered individuals. Migrational staging increased from 23-29 August, when 
total numbers of sanderlings observed at the coast reached 70, 75, and lt:i6 
during 3 days. Average flock size was 10-40 birds. 

SEMIPALMATED SANDPIPER 

Okpilak - Fairly common breeder and fall migrant. Birds were observed daily 
from 2 June to 14 August. On 2 June, aerial displays were common and birds 
were abundant in all habitat types. By 1::3 ,June, display flights h3.d 
diminished. Nest sites were in Mosaic habitat and the earliest hatching was 
recorded on 26 June. Chicks were seen in Flooded habitat on ~ July. Small 
flocks were first observed on 9 July and numbers peaked on 24 July in Flooded 
habitat. Densities soon diminished across tundra habitats, but on ll August 
approximately 300 semipalmated sandpipers were observed on the Okpilak River 
mudflats. 

Ka takturuk - Fairly common breeder. Semi palma ted sandpipers were frequently 
observed on 8 of 10 weekends Katakturuk was surveyed (7 June to 20 July; 16 to 
17 August). Three nests were discovered between 16 and 22 June: 2 in 
Ripariiln habitat, and l in Tussock tundr3.. Mean clutch size was 3-75 (n=Ll). 
At one rest hatching was in progress on 5 July, suggesting nest initiation 
began during the third week of June (Harrison 1978). Adults and chicks were 
observed in Riparian habitat on 14 July. 

cTago Bitty - Abundant breeder. Birds were seen almost daily from 2 June 
through 24 July; 95% of birds counted during censuses were observed in 
Riparian (58%) and Moist Sedge-Shrub (37%) habitat types. Courtship displays 
and aggressive interactions among males were observed from 4-21 June. 
Nineteen nests were located between ll June and l July. Nests were found in 
Riparian (n=lO), ~oist Sedge (n=t:;), and Moist Sedge-Shrub (n=4) habitat 
types. Nests in Moist Sedge type were located on slightly elevated, drier 
areas near the Jago River that more closely resembled Riparian habitat. Mean 
clutch size was 3.7 (n=l9). Chronology data suggested that nearly 80% of 
clutches hatched between 28 June and 10 July. Hatching was known to occur on 
29 June and 2, 7, 8, and 10 July; therefore, most nests were probably 
initiated during mid to late June (Harrison 1978). Within 2 weeks after the 
hatching period, most semipalmated sandpipers left the area. Fairly large 
numbers of adults performed distractive displays in Riparian and ~oist Sedge 
habitats between 15 and 18 July; only 6 birds were observed thereafter. 
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Aichi lik Fairly common breeder and fal1 migrant. 'T'he majority of 
observations occurred in Riparian habitat during June when males were engaged 
in flight displays. Three nests were found: 2 in Moist Sedge-Shrub and l in 
Tussock habitat. All were well hidden in tall sedge. A nest with ~ eggs on 1 
July contained 1 egg on R July and an agitated adult was nearby. Rgg laying 
probably occurred between l~ and 24 June (Harrison 1978). During early 
August, flocks of 10-lS were seen flying east. 

Sadlerochit - Abundant breeder; and common fall migrant. Birds were observed 
r:lrJ.il y from 31 May through 16 July. A flock of 120 semipalmated sandpipers, 
apparentlv in migration, foraged on a lagoon mudflat with a flock of other 
shorebirds on 6 June. Pairs were seen together from 31 May through mid June, 
2nd courtship displays were performed by males from ~1 May to 23 June. 
Terri to rial displays, aggressive interactions between males and oth<:!r 
intruders, and distraction displays extended through incubation and early 
brood periorj::;. 

Through June, sandpipers were most frequently seen in Moist Sedge tundra near 
the river drainage, and Mosaic, Moist Sedge-Shrub, and Riparian habitat::;. 
Twenty-four nests were located between 8 and 27 June: 7 each in Moist 
Sedge-Shrub and Riparian habitats, and S each in Mosaic habitat and Moist 
Sedge vegetation along the river bank. Mean clutch size was ~.8 (n:24). 
Earliest evidence of hatching was 26 June (Mosaic), and all nests were hatcherl 
or abandoned by 10 July. Several adults with chicks 0-S days old) were 
observed along the river bank in ~oist Sedge vegetation on 30 June. Adults 
1vi th broods appeared to concentrate in Riparian associated habitats, in wet 
upland s',.,rales near the bluff, and in Moist Sedge-Shrub tundra. Adults 
gradually left the area during July and were absent after S August. From 
mid-July through mid-August, juvenile semipalmated sandpiper groups were seen 
feeding primarily in Riparian river channels and melt-water ponds near the 
bluff. Large flocks of up to ~n birds were noted in August on lagoon 
mudflats. On several occasions beginning in late July, parasitic jaegers were 
observed to capture juve~ile sandpipers in flight. 

Jago Delta - Common breeder and fall migrant. Semi pal mated sandpipers were 
observed daily from 4 June to 30 August. Pairs were seen on 4 June, and males 
performed courtship and territorial displays from 4-20 June in all habitats. 
Eight nests were located between 14 and 30 June: 3 in Wet Sedge, 2 each in 
Flooded and Mosaic, and 1 in Moist Sedge-Shrub habitat. Hatching was 
suspected at several nests during the first week of July because of "group 
defensive" behavior of adults (flying in flocks of 3-7 birds to chase away or 
distract observers, aerial predators, and fox~.~s); chicks were first observed 
on 10 July. Individuals and groups of adults, as well as parents with broods, 
fed primarily in Riparian, Flooded, and Wet Sedge habitats through Jul:r. 
Mixed-aged flocks of 28 and 20 birds were sighted on coastal mudflats on 19 
and 23 June, respectively. Adults were observed in the area until early 
August, after which only migratory and/or staging juvenile groups were seen. 
Flocks of 5-100 birds fed along coastal mudflats with mixed flocks of Calidris 
sandpipers through 30 August. Greatest numbers seen at the coast were 220 (12 
August), 210 (19 August), and 166 (20 August). 

Marsh Creek - Fairly common summer resident; probable breeder. Observations 
were most common in Riparian habitat along Marsh Creek. Display flights were 
frequent during early June, then tapered off and ended by the last week of 
June. No nests were found but flight-capable chicks were seen in Riparian 
habitat on 24 July. 
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Niguanak - Uncommon breeder. No more than fi individuals Here seen during any 
day during the breeding season. Display flights Here observed from l3-2fi 
June. Two nests, each containing 4 eggs, were found in 1.Vet Sedge habitat. 
One nest hatched between 29 ,June and 5 July, the other between 11 and 14 
July. Semi palma ted sandpipers were seldom observed after mid-July. A. flock 
of 12 was seen flying east on 3 August. On 9 and 10 August, seve,....al small 
flocks were observed outside the immediate Niguanak area in Riparian habitat 
along the Okerokovik and Niguanak River. 

WESTERN SANDPIPER 

Okpilak - Fairly common fall migrant. Approximately 400 western sandpipers 
were observed on Okpilak River mudflats on 11 August. 

Sadlerochit - Rare fall migrant. A single western sandpiper was observed 
foraging on a mudflat near the mouth of Sadlerochit River on 13 August. 

Jago Delta - Common fall migrant. Juvenile flocks of western sandpipers were 
regular"ly seen feeding on mudflats at the coast (some in mixed shorebird 
groups) from 11-30 August. Highest total numbers (maximum of 105 birds) and 
flock sizes (maximum of 55) were noted during 11 and 12 August. Throughout 
the remainder of August, daily observations Here typically of 2-13 western 
sandpipers foraging or flying eastward along the coast. One individual in 
winter plumage was sighted on 23 August and several other sandpipers were 
noted as molting juveniles. 

!..SAST SANDPIPER 

Katakturuk - Casual spring migrant. An adult least sandpiper was sighted in 
Riparian habitat on 21 June. This was the first record of the species 
occurring on the inner coastal plain of ANWR. 

'iV!UTE-RUMPED SANDPIPER 

Aichi.lik - Rare fall migrant. A single white-rumped sandpiper was seen in a 
mixed flock of Calidris sandpipers on ll August. The flock was moving north 
along a Dryas bench. 

Jago Delta - Rare fall migrant. A solitary, juvenile whi te-rumped sandpiper 
was observed feeding on coastal mudflats with mixed flocks of shorebirds on 12 
and 27 August. 

Niguanak - Rare fall migrant. One juvenile was observed with 3 semipalmated 
sandpipers and a red-necked phalarope at a gravel bar pool on the Niguanak 
River 8 km southeast of camp on 10 August. 

BAIRD'S SANDPIPER 

Katakturuk - Rare breeder; fairly common summer visitant. Baird's sandpipers 
were observed on 7 of 10 weekends at Katakturuk, on 7-8 June, and from 16 June 
through 20 ,July. Large numbers of Baird's sandpipers sighted in Riparian 
habitat on 28-29 June were probably flocks of post-breeding males. One nest 
Has found on Ka takturuk bluffs; it contained 4 eggs on 21 .June and was empty 
on n .July. 
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Jago Bitty - Rare visitant. Birds were observed on n occasions between 2 June 
and 15 August. Several Baird's sandpipers utilized Moist Sedge habitat near 
camp in early June, several more birds were in the Riparian zone h km south of 
camp in mid-July, and birds were observed feeding on a gravel bar 3 km north 
of camp on 12 and 15 August. 

Aichi li:< - Fairly common spring migrant: rare breeder. Baird's sandpipers 
Here seen daily on Riparian gravel bars until 10 June. Aerial displays anrl 
vocalizations were frequent. Observations then diminished, and by 20 June, 
only l pair Has present in the area. A nest was found on 20 June in a grass 
clump on a Riparian gravel bar. Four eggs Here present, but were gone by 27 
June. A second nest with ~ eggs Has found on ~ July only 10 m from the first 
nest site. THo nestlings hatched on 20 July; the third egg Has infertile. 
Back-dating placed the ini ti8.tion of incubation at ~0 June (Harrison 1978); 
this Has likely a renesting attempt. 

Sadlerochit - Uncommon breeder and migrant. Baird's sandpipers Here observed 
from 6 June - 15 August. A group of 7 adults was seen feeding with a mixed 
flock of shorebirds on coastal mudflats on n June. THo nests were discovered 
on barren/shrub-forb Riparian tundra on 8 and 20 June: each nest contained 1+ 

eggs. The only other sighting during June was of q adult Baird's sandpipers 
and l chick present in Riparian habitat on 27 June. This observation 
suggested the likelihood of at least one additional nest in the study area. 
Adults with broods were sighted near the first 2 nests on 10 July, and Here 
seen foraging on river bars through mid-July. Juveniles were first seen on 15 
July, and were observed foraging on lagoon mudflats and stony beaches through 
15 August. No adults Here seen after ~ August. 

Jago Delta - Rare breeder and fall migrant. Solitary Baird's sandpipers Here 
observed foraging in wet Riparian habitat on 2, 4, and 8 June. A bird 
vocalized and displayed briefly over a gravel bar on 16 June, and single 
Baird's Sandpipers Here subsequently seen on 18 and 21 June. One nest 
containing 4 eggs was discovered in sparsely vegetated Riparian tundra on S 
July. Hatching Has in progress on lS July, and 4 chicks 'N"ere banded at the 
nest the next day. Chicks were observed in the area on 18 July, after which 
single adult sandpipers were sighted near the river on 4 days through 13 
August. At the coast, an adult Hith 4 chicks foraged on a mudflat near Martin 
Point on ?0 July. From 11-~0 August, single juveniles and small flocks ( 3-h 
birds) were seen on q occasions feeding on river and delta mudflats. 

Marsh Creek Uncommon visitant. An apparently transient 
observed foraging in Riparian habitat from 1-~ and 7-10 July. 
were seen in Riparian habitat on 12 August. 

individual was 
T·wo individuals 

Niguanak - Rare breeder. On ? <July, 2 adults and 3 chicks (approximately 3 
days old) were seen on ravine gravel bottoms. A sing;le nervous adult Has 
noted in the same area on ln ,July, and a juvenile Has seen on 23 .July. 

PSCTORAL SANDPIPFR 

Okpilak Common breeder; abundant fall migrant. Pectoral sandpipers were 
seen daily from ? June - 14 August. Males displayed frequently in !Net Sedge 
and Mosaic habitats during early June and less frequently during mid-Jw.1e. 
Three nests were discovered; all were in Mosaic habitat and each contained 4 
eggs. Laying and incubation were recorded between 20 June and 8 July, and 
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hatching occurred between l and 18 ,July. Flocks fly in,g eastward and birds 
congregating in Flooded habitat were observed as early as 9-10 July, but the 
most extensive migratory movements were noted on 22 and 23 July. 

Katakturuk - Fairly common summer visitant. Pectoral sandpipers were observ-?cl 
on 7 of 10 surveys of the study area. Birds were first seen on 7 and 8 June, 
and last observed on 17 August. No nests were locaterl . 

. Jago Bjtty- Common breeder. Birds were observed regularly from 4 June- liS 
August. Courtship displays and aggressive interactions among ~ales were 
observed from 7-26 June. Seven nests were located between 15 June and S July 
in Wet Sedge hqbitat types. Mean clutch size was 'J...7 (n:t:;). Three nests 
hatched on 29 ,June, another hatched between 2fi and 'J..O June, and one more 
hatched between 5 and 10 July. With the assumption of a 21-2~ day incubation 
period (Barris on 1978), tl-)is data suggested most nests were initiated in the 
first or second week of ,June. Juvenile pectorals were first observed on 2:? 
July, and the greatest numbers were present in 1rJet Sedge and Moist Sedge 
habitats thereafter. Juvenile predominated groups were first seen during the 
fi-9 August period. Flocking be11aviop among adults was observed betHeen A and 
19 July, mainly in Wet Sedge tundra where groups of up to g birds 
congregated. Flocks of migrating adults (up to 12 birds) were sighted moving 
eastward on 24 and 25 July. 

Aichilik - Common breeder and fall migrant. Pectoral sandpipers were present 
throughout the study period in all habitats, although use of Riparian ard 
~oist Sedge habitats was rare prior to fall migration. Moist Sedge-Shrub had 
the highest density of birds and nests ( 6 nests found), followed by 1tJet Sedge 
(5 nests), and Tussock (3 nests). Use of Tussock habitat may have reflected 
its proximity to Moist Sedge-Shrub since few pectoral sandpipers were seen in 
pure Tussock stands. Male courtship displays were noted from the time of 
observer's arrival (2 June), although by the last week of June display 
frequency was declining. Most of the males had departed by mid-July. The 
first eggs were found on 10 June, and some nests found on that date had full 
clutches. Laying largely occurred during the first three weeks of June, wit11 
only a few nests initiated in the last week of that month (Harrison 197P,). 
Flightless fledglings were commonly seen in the second and third weeks of 
July, and the last were seen on S August. By 'J., August, small flocks began to 
assemble and birds were seen more frequently in Riparian and Moist Sectge 
habitats. 

Sadlerochit - Common breeder. Pectoral sandpipers were present in the study 
area from 31 May through 16 August. Small flocks of males flew together, and 
courtship displays and aggressive male interactions were frequently observed 
through 15 June in all habitat types. Thirteen nests were located between ll 
qnd 20 .June. Nests were found in l,Vet Sedge (n=6), 'T'ussock (n=3), Riparian 
(n=2), Mosaic (n:l), and t1oist Sedge-Shrub (n:::l) habitats: several more may 
have been present in Moist Sedge tundra along the river bank north of camp. 
Nestlings were first observed on 28 June in Wet Sedge tundra anct on 3 July in 
Mosaic habitat. Highly defensive attitude and vigorous distractj_on displays 
of pectoral sandpipers along the bluff through mid-July suggested that most 
a::l.ul ts from upland tundra types moved broods to forage in "\<Tet Sedge and 
melt-water ponds soon after hatching. Juveniles were first observed on 11~ 

,July and were seen regularly as singles or in small groups in 1Net Sedge and 
Mosaic habitats through the end of July. Flocks of adult sandpipers were 
noticed flying eastward in groups of up to 50 from 4-2h July, with peak 
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numbers observed on 23 July. During August, sighU ngs were primarily of s:n;:1 1 l 
flocks of juveniles flying and feeding in Riparian habitat and on coastal 
mudflats. Observations of juveniles bein~ chased or depredated by a parasitic 
jaeger pair occurred during the later part of the season. 

Jago Delta Common breeder: abundant fall migrant. Birds were Reen 
frequently and regularly from 2 June - 30 August. Displaying males were very 
prominent through mid-June in all habitat types. An unsuccessf'ul attempt at 
copulation was observed on "i June. Four nests were located between ll and 2n 
,June: 2 each were found in Flooded and Mosiac tundra. Hatching occurred at 
most nests during the first week of July and chicks were first seen on 10 
JuJv. Flocks of up to 5 adult pectoral sandpipers "patrolled" flooded tundra 
~here the majority of youn~ were obRerved through approximately ?U July. ~he 

latest observations of chicks occurred :in mid-August when two R-Q day old 
youn~ were seen in Flooded habitat (l~ August), and one 10 day old chick was 
seen in Mosiac tundra (14 August). These may have been chicks from renest 
attemots. Juveniles, or flight-capable young, VJere firRt seen on 20 ,July, 
foraging singlv or in small groups in Flooded, Wet Sedge, Mosaic, and Riparian 
habitats. From ll-2n July many flocks of up to ~0 adults were sighted flyinR 
eastward through the area and feeding in prim"lrily Flooded habitat. On 24 
.J'Jly, 300 birds were seen flying from inland areas in flocks of up to l7S 
birds to forage on coastal mudflats. Through August, many juvenile flocks of 
up to 50 birds were sighted daily flying eastward or foraging on inland 
Flooded habitat and coastal mudflats. Peak migration was observed on ?") 

August when 8. total of l, 027 birds cong;rep.:ated in rnixed shorebird feedinrs 
flocks at Tapkaurak Rqy, 

Marsh Creek - Uncommon summer visitant: fairly common fall migrant. Pectoral 
sandpipers were seen infrequentlv during the breeding season. Po neRtinp: 
~ativities were observed. Flocks were first noted flying eastward on ?2 July 
and after that date pectoral sandpipers were more common in all habitats. 

)Tig;uanak - Abundant breeder and fall mig.,ant. Pectoral sandpipers were seen 
daily from 2 ,June - ~0 August. During June, the species was most abundant in 
Moist Sedge-Shrub habitat and fairly common in ~loaded. Males patrolled 
territories and frequently displayed from ~-?~ June, after which activity 
diminished through the end of the month. The first Rctive nest was found on 8 
June, and the last nest containing eggs was noted on 8 July. The average 
c lut:.ch size was ~. 9 (n::23). All but ~ nests Here in Moist Sedge-Shrub or 
Flooded habitat. Chicks were abundant after 1 .July, and females attended 
broods in Flooded habitats where several family groups of various shorebird 
species gathered to forage in the saturated .soils. Flocking tendencies were 
noted as early as 10 July. BetHeen ?l ,July and ~ jl_ugust, numerous flocks of 
4-~4 Here regularly observed flying eastHard. Migrating juveniles surged 
eastward in flocks of 15-20 betHeen 20 and ~0 August. Migrants often stopped 
to for~ge in the muck .soils around receding ponds in Flooded habitat. 

SBARP-TAILRD SANDPIPER 

Niguanak - Rare fall migrant. 
Niguanak Lake on 27 August. 

One Has observed foragin,g; along the edge of 
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DUNLIN 

Ol<pilak - Uncommon visitant. '11.-.ro birds foraged in Wet Sedge habitat on q 
June. Subsequently, single birds in Mosaic and Flooded habitats were observed 
5 times during the summer, the last on 12 Au~ust. 

Sadlerochit - Rare breeder and migrant. A single male was ohserved in ~osia~ 
h"lbitat on 5 June, and a flock of 10 dunlin forap;ed with a mixed flock of 
shorebirds on lagoon mudflats the next day. From l~-~0 June, a single adult 
or a pair was observed on t:; occasions foraging in ~--ret mud and Moist Sedge 
habitat along the river. No nest was located, but a pair was highly de~ensiva 
of a dry, elevated site in Moist Sedge tundra near camp on t:; July. The next 
day an adult was observed brooding 4 downy chic~s (Rpproximately 24 hours old) 
in this area. Through July, the adults and youn!! were infrequently observer] 
in the Riparian area. Three partiall v molted inrlividuals ( pe"esumably 
juveniles) rested on a gravel bar near camp on ll August, and on lt:i August, U 
adults in full breeding plumage foraged on la~oon mudflats. 

Jago Delta - Uncommon breeder; common fall migrant. 'T'wo dunlins, possibly a 
pair, were observed foraging in Flooded and Wet Sedge tundra, and near a lake 
by Mosaic habitat on 4, 10, and 17 June, respectively. A male displayed a~d 

called from Mosaic habitat on 17 June. On 4 days between 2 and a July, sin~le 
dunlins, and a pair, were observed in Moist Sedge-Shrub and Riparian 
habitats. No nests were located, but one bircl of a pair acted defensively 
near a pond in Mosaic habitat, as if chicks might have been present. Fi-,re 
adults flew in a defensive, vocalizin~ flock at a lake near camp on l~ July. 
On 22 July, ? adults with broods of l and 2 young were sighted in Flooded 
tundra; a juvenile was first observed in Flooded habitat the next day. 
Individuals and small grouos of 2-1-1 birds were seen in Flooded tundra ne:3.r 
camp through .August. Single dunlins were first observed on coastal mudflats 
on 19 and 22 .July. Small adult and juvenile flocks foraged on mudflats of the 
lagoon and delta, ofteo in mixed shorebird flocks, from ?~ July through 
August. Peak migration occurred after this point with daily totals of 140 and 
210 birds seen on mudflats on 2l'i and ~0 August, respectivelv. About one-third 
of these 1r1ere adults in breeding plumage, or partially molted into vrinter 
plumage, while the remainder were in juveniJ_e plu'llage, or juvenilE"S molt inr: 
into first winter pluma~e. 

STIL'T' SANDPTPRR 

O!<pilak - Fairly common breeder. Birds Here frequently observed betvreen 7 
June and 13 August. Aerial disolays Here noted on lo ,June. 'l'hree nests 1.orere 
found: 2 in Mosaic and l in Moj_st Sedge-Shrub habitat. 'l'hree nestlinR:s 1r1e1~e 

banded on ?7 June, and a banded juvenile was seen in Moist Sedge-Shrub on 22 
July. Chicks were observed in Flooded habitat on ? July. One nest containing 
2 eggs on n June was still at tended by an adult on q LTuly, but was found 
abandoned on 17 July with 2 unhatched eg~s. 

Jago Bitty Uncommon breeder. Stilt sandpioers from several pairs were 
observed regularly in Wet Sedge habitat, and 1 pair was seen oec"lsion'llly in 
l1oist Sedge tundra. Males performed courtship display fl igl1ts from 1 ~:;-?0 
June. THo patrs nested in 1ofet Sedge, and a third nest Has located i_n Moist 
Sedge habitat. Four chicks (l day old) were observed near 1 nest in Wet Sedge 
on 29 clune, and clutches from the other ? nests hatched between ? and ln 
July. Mean clu~ch size was U.O (n:?). Assuming an tncubation period of 10 to 
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21 days (Harrison 1978), nests were probably initiated during second and third 
weeks of June. Males were observed incubating eggs at 2 nests. Shortly after 
clutches hatched, stilt sandpipers either moved to different habitat types or 
became extremely secretive in their habits; only 2 birds were seen after ~ 

July. On 10 July, a lone adult was observed by the river approximately 7 kro 
north of camp, 'lnd a second bird v-ms seen in Wet Sedge habi t'lt on 2'5 ,July. 

Aichilik - Uncommon breeder. A pair was seen in Wet Sedge habitat from '5 June 
through 6 July. During 5-21 June, the male (presumably) frequently called in 
r.t high flight display. On 6 July, an adult was observed incubating 4 eggs on 
a small hummock in Wet Sedge habitat. The eggs were not pipping, so when the 
nest was found empty 2 days later, it had likely been depredated. An adult 
was observed calling and circling defensively on lfi July, and a flight-capable 
juvenile was seen in the same area on 22 July. One suspected juvenile was 
noted in Riparian habitat on 15 August. 

Sadlerochit - Uncommon migrant. Twenty stilt sandpipers foraged with a mixed 
flock of sander,ling, Baird's, and semipalmated sandpipers on lagoon mudflats 
on 6 June. Between 5 and 9 August, single and paired juveniles were seen on 3 
occasions foraging along the coast on mudflats and by a small pond. 

Jago Delta - Uncommon breeder and fall migrant. From 1-4 stilt sandpipers 
Here seen regularly through the breeding season bet~veen 4 June and 26 ,Tuly. A 
pair was first observed on 4 June, and sightings of 1 or 2 adults Here made on 
7 more occasions betHeen 11 June and 2 July. Observations of stilt sandpipers 
occurred exclusively in Flooded habitat. No nests were located, but on ~ and 
10 July adults with chicks (less than 1 Heek old) Here seen in Plooded 
tundra. On 17 July, a flight-capable young and an adult Here observed, and 
juveniles (independent group) Here first sighted foragin~ in Flooded tundra on 
23 July. Observations of juvenile stilt sandpipers continued from the end of 
July through illid-August in Flooded tundra ( ~~-11 birds regularly seen) and along 
the coast (flocks of 1-10 individuals). Maximum numbers of stilt sandpipers 
observed at the coast reached 42 on 12 August and ~1 on 21 August. 

Niguanak - Fairly common breeder. Stilt sandpipers Here observed regularly 
from 7 ,June through July and infrequently during August. Males displayed in 
high aerial flie;hts betHeen 16 June and 6 July. One nest Hi th 4 eggs Has 
found on a small hummock in Wet Sedge habitat on 13 June. During early July, 
up to 8 adults in Flooded habitat vocalized nervously and circled observers in 
defense of nearby chicks. The first flight-capable juvenile was seen on 17 
July, and adults in winter plumage Here noted on 7 August. 

BUFF-BREASTED SANDPIPER 

Okpilak - Uncommon spring and fall visitant. One sandpiper Has observed in 
Wet Sedge habitat on 12 June. THo males displayed in Riparian habitat at the 
Okpilak River on 14 June. Five birds Here seen again at the Okpilak River on 
Hi June, but no displaying Has observed. On ll August, buff-breasted 
sandpipers Here sighted in the same general area. 

Katakturuk Uncommon breeder. Buff -breasted sandpipers Here observed 
frequently on 8 of 10 surveys. First observations Here on 7 and 8 June, and 
the last Here on 16 and 17 August. Three nests Here found: ? in Riparian 
habitat on 16 and 21 June, and 1 on 6 July in Tussock tundra. Each nest 
contained 4 eggs. Chicks Here present in l Riparian nest on 6 July. Juvenile 
birds were first seen foraging on Dryas Riparian benches on 10 August. 
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Ja>rJ Bitty - Rare breeder. Buff-hrea.sted sRndoipers were observe<" re.c>:ularl" 
between 7 ,June and 1? July: all sig;llt:inr:;s exceot one 1-vere b8lieved to 
represent members of "l si.n,r:le family group. 'T'he nair's nest vlitlr} lJ eggs 1·n~~ 

located in Moist Sedge habitat on l? June and was watched relativelv clo8elv 
thereafter. During the incubC~tion period, the female foraged in Moist Serlge 
and Rioarian habit8.ts ne8.r the nest site. A male 1-vas seen forap:ing; ~-n 

Rioarian areas on several occ'lsions. 'T'he eggs her:;an pipping on (, -Jul v, and 
1-vere hatched by late 7 July, inrlicatinR; a minimum incubati.on periorl of ;;>6 
days. 'T'he fer18.le and 4 chicks 1,-rere observed fordo;ing alonp- the Jago Riv-er, 
near camp on 8, 10, anrl 1? July, a~d were not seen thereafter. 

~i8hilik Fairly common breeder. This species was common at the ti~e 

observers arrived on ? June, a•1d remained conspicuous through 1~:; ,Tune. Lel< 
courting m;:rles v.rere se•?n in groups of ::J-t:i in Riparian Drya~-shrub bench a"cl 
i1oist Sedge. From 16-?2 ,Tune, courtship displays declined in frequency and 
often only single birds were seen "'·ling raising". From 25 June through Julv, 
no more than t:; soli~ary individuals were seen; apparently all males had 
depar~~8d. J\le::trly all observations 1-ve.-.e in Rioarian Dryas-:3hrub and i1oist 
Sedge habitats. Fou,., nests Here found: ? 1,rere in T)ryas-Hill01-.J comple·< (near 
gravel bars) and 2 we"'e in Moist Sedge Hith sci'lttered \Ji.lloH within a fe·tJ 
meters of Riparian Dryas bench. One nest founrl on Hi ,June v-rith 4 eggs VIas 

depredated the :'allowing we~1,. A second nest containing ~ eggs on 20 ,JUi1<o 

h.OJ':-ched a nestling 0:1 10 or ll ,Julv: the remaining ? eggs were infertile. ~ 

third nest with 4 eggs VIas empty when 8Xamined I) .Tuly, <J.nrl on 12 .July an 
~gitated adult nearby inrticated the pres8nce o: young. A fourth nest hatched 
4 nestlin~s on l~ or 14 July. Harrison (l97A) reported the incubation period 
f:w this species as unkno'!tm. The nest found Hi tl-J a complete clutch on ?n ,June 
anrl with a nestljnv on ll Julv suggested a minimum incubation of ?1 davs (See 
~ago Bitty account for further estimations). 

Sarlleroc~it - Fairly common hreede~~. Birds Here ohservec1 rer;ula,.,!.v from l_ 

June through lF August. SMall "le!.cs" of males(?-~=; bi,..,ds) for"l_ged and fle~·r 

toget'1er, and performed elaborate 1,rinr; displays in 11oist Serlrre "l.nrl Riparian 
:nbitrJ.t from I;_Jq ,June. A pair i·las seen together on 2 ,June, hut after this 
date "'lales ''le,~e most often seen in gro:.1ps. Four nests, ·?ach containin.~ 1\ 

eggs, were located betHeen 20 ,June and l July: ~ 'tJere found in Moist Sedge 
vegetation within ~0 m of the river bank, and 1 was located in C1 sedge/fol~b 

a~ea of Rioarian habitat. Q female and D chicks were first observed on 5 July 
in a Hoist Sedge-Shrub margin of Tussock 'h;:,_bit::J.t, .suggesting the presence •)f 

,qn uplani tundra nest. 1'1 Riparian habit<'tt small chic!.<s Cl-4 days old) ·-1~re 

observed f0?"3;sL1t:; with ;:m accompanying ac!ult on llJ and ?~:; July, and ? nes~~s 

along the river bank hatched during the periods of lH-1~:;, and 18-?0 July, 
respectively. Through th'" first \\feel: of August, adults and YOTng foragerl 
P'~imarilv i'l RiprJ.d.a'!, Moist Serlge, 'T'ussock, ::tnd Moi_st Sedg8-Shrub habitats. 
Onlv juvenile birc!s Here observed after I) 1\ugust; from 1-4 Here seen most:, 
often i'l Riparian habit"lt anrl by melt-Hater ponds, but Here also noted i'1 
i1oist Sedge-Shrub tunch~3. Buff -breasted sandpioe,..,s were observerl displ'.3.Yi'1,"; 
at Sadlel"Ochit study area in .June l084, but 'tlere never observed to nest. 

Jago Delta - Fairly _common breeder. Buff -breasted sandpipers Here observed 
through the season to ~0 August. Single birds were initially sighted on river 
mudflats near camp on t:i-7 .Tune. !1ales were seen in 1'\roups of ?- ~ from 8-?? 

June displaving in 
nests V/8~8 located 
contained clut:,ches 

T,Jet Sedge, Moist Sedge-Shrub, and Riparian habitats. Four 
in \-Jet Sedge tundra betHeen ?0 .Tune and 7 ,July. 1\.ll nests 
of u eggs. Through early July, adults were observed 
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foraging; in l:Jet .SedP:e, Flooded, and Riparian areCJ.s. A.n adult with 4 young 
( ?- ~ rlays) 'rJ':l.S fj rst noted on 17 ,July ;_ 1 Riparian hahi t8t. s;_ngle adults anrl 
thos•e with broods Here seen most f-requently foracring on Dryas benches and in 
,Jetter areas of polygonized (Mosaic) tundra near camp am! along the coast. 
After .July, no adults were seen in the area. .SLn:sle birds and small groups 0f 

juvenile:3 (2-c:; birds) cvere observed in ·,raried habi t3ts between Q and lfi 
August. One or t·rJ.:) ju-v?niles ~rrere seen on Dryas henches anrl forap;erl at the 
water's edge daily through 30 August. 

Marsh Creek - Rare Spring and fall vj_si_ tant. Buff -breasterl sandpipers were 
observed on ~ da.t,;s: fi June, 11 June, and lLl August. 

Niguanak - Uncommon breeder. A pair was seen I) cTune, a!ld a nest Has found in 
dense l1oist Sedge arljacent to 'l'ussock habitat on 18 June. A second nest ·r1a~~ 

rliscovered on a sedge-covered slope above Flooded tundra: each nest contained 
4 eggs. On 15 July, an adult with ~ chicks was seen foraging in a marshy area 
near camp. The la.st sig'1ting, of a single bird foraging along the banks of 
Niguan8.1< Lake, occurred on 10 August. 

LONG-BILLRD DOWJTCPER 

Okpilak - Fairly common breeder. Lone;-hilled dowitchers were seen regularly 
from 2 June to 14 August. Two nests were found on 24 June in \.Jet Sedge 
habitat. One nest contained ~ eggs and hatched prior to 1 c:; .July. The other 
nest had 2 eggs 1.,rhen first discovered, had 4 eggs on ? Julv, was being 
incubated on lf' .July, and hatched sometime before ?~ July. Jn late .June, 
s~all fl~cks were observed. 

Ka takturuk - Uncommon vis.i t:1nt. Long-billerl dowitchers Here observed on 22-2~ 
and ::>R-2') June • 

. Jago Ritty - Uncommon breeder. Long-billed dowitchers were sighted in 1N"et 
Sedge, 11oist Sedge, and l'hist Sedge-Shrub habitats from F, .June through 12 
August. Adults Here seen j_n \J./et Sedge habitat on F-. days between 15 ,June and 
25 July. Although no nests were founr:l, at leas'c one pair wa:3 hPlieved to nest 
L1 \Vet Sedge tundra. Adult c!o1,;i t>Jhers performed distraction displays on 2q 
June and 11 and 10 July. No adults were seen after 2fi July, but seveJ~al 

juvenilA dowitchers were sighted in Moist Sedge-Shrub and Moist Sedge habitats 
between 22 July and 12 Augu~~. 

Aichil i_k Uncommon resident: probable uncommon breeder. ~on,g;-bi lled 
dowitchers were first see~ 10 June in Moist Sedge-Shrub habit~t, and 
observations continued through F, August. Defensive displays directed at 
observe•'s, iYJcluding aeri3.l ci,~eling and loud c'3.lling on Hi and 22 .July, 
suggested the likelihood of young in the area. 

Sadleronhit - Unco11mon breerl.er: fairly common summer visitant. Long-hilled 
dowitchers were seen regularly from 1 June to 1c:; August. Pairs were observed 
together in Wet Sedge and bluff melt-water ponds from f_c:; ,June: observations 
after this date th""ou,q;h ,T,_me we"'e peima.:~il_;r ,,f singlY --tdu 1.ts foraginr; in ·~ret 

Sedge lVJ.'>i tat :1nd \.Jet Sedsr,e inclusions in Mos8ic anrl Moist Sedge-Shrub 
habi t8.ts, and aJ on;:; 1>1oist Sedge vegetation on river bank. OYJe nest was 
located in Het Sedge on the date of hatching (1-l ~~0ic1{s), ?8 June. 'T'hrough 
.Tulv, ~:.1}"' d•:;fensive attit11de of adults and consi.stent observations of 
dist:r8.;tion displ3.y.s suggested the probqhility of additional nests or chic~(" 
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pr'esent in ~,,ret Sedge and Mosaic habit8.ts. Small flocks of' juventh~s anrl 
adults i>lere seen flying eastvrard over camp and foraging in !let SerlR:e tundra 
and melt-water ponds near the coast from ll-1~ August. An adult in transition 
to winter plumage was observed on 25 July. 

cTago Delta - Fairly common breeder: common summer resident Rnd fall migrant. 
Birds were frequently :'Je3n .'.n the ar·~a fcnom Ll ,June th!~ough ~0 August. Single 
birds, pairs and _;:;roups of :<-S dowitchers 'tJere observed foraging and fl. yin'S 
about in 'l.ll hrtbitats through June. On·~ nest, containing 4 eggs, WJ.S locatect 
in Wet Sedge tundra on 18 June. Floc~s of ~ to lU dowitchers were sighted on 
2-3 July in Flooded habitat, vo~;,Fzing loudly and flying exciterlly. ThroJgh 
July, p8.irs and groups of 3-11 adults were seen regularly, calling in Flooded, 
Mosaic, and Moist Sedge-Shrub habitats: no chicks were noted. JuvAniles were 
first sighted on 7 August, and after 13 August were the only age group 
observed in the area. Eastward juvenile migration and staging areas appeare~ 

concentrated at the coast. Peak numbers reached 187 and :::>f;6 birds on ?:< and 
25 August, when birds were observed foraging on mudflats in 'llixed shorPbi!"d 
~roups. Average flock sizes ranged from ~ to ?0 juveniles, with maxima of 113 
and 1117 noted on above dat0s. 

Marsh Creek - Rare visitant. 
7 June, R June, and ?2 Julv. 

Long-billed dowitchers were o~served on 3 dates: 
The last sighting was of ~ birds flying east. 

r,Jiguanak - Fairly ~ommon breeder a:vi fall m:cgrant. Long-billed dowitchers 
were regularly observed from ? June through ~0 August. Durin~ Ju~~. 

dovlitchers utili_zed Flooded and Wet Sedge habitats, '3.'3 well as small ponds 
interspersed in Moist Sedge-Shrub. One nest with U e~gs was found on l? June 
on a small sedge-covered :Jummock i YJ F'l ooded ha bi tat. 'T'he eggs ha tcherl prior 
to :< .July. Flocks of !J_(:i birds ( prohahly females) were frequently observed 
<iurinr; late June. r:lJicks Here attended in ',Jet Sedge communities near pond 
peripheries and were actively defender! by adults. J:>ring late Augu"t, tia;:'lt 
flocks of 10-30 individuals moved through the area and frequently fed in the 
muckv soils exposed by receding ponds anrl lak0s. 

RED-NECKgD PHALAROPE 

Okpilak Common breeder. Red-necked pha.laropes were fai""lY abundant Hhen 
observations Here initiated on 2 June. r.ourtship and territorial displays 
were frequent in Wet Sedge and Flooded habitats U'1ti1 about 25 cTune. Birds 
began congregating in small flocks in Flooded habitat, and by 3 July, females 
were much more conspicuous than inculJa ting ma.les. Five nests were loca t8d, 
each contain.'.ng 4 eggs, in Flooded, Wet Sedge, and Mosaic habi t::1ts. Peak 
Lwing a"'ld incubqt i.ng period was 20 ,Tune to Q .Tuly. 'T''le latest nest with eg:~s 

was noted on 18 July. 

K::J.takturuk Rare breeder. 
Sedge-Shrub habitat during ,June. 
Sedge-Shrub on 1~ .June. On 2Q 
agitated male was observed in the 

Bir0s were sighted inPreauently in Moist 
One nest 1.1ith 3 eggs H8.S located in 1'1oi.s 1

: 

June, U!e nest contained :< chicks, and an 
vicinity on f) Julv. 

.J:3.go Bitty - Uncommon breeder. Red-necked phal:=trop·es 111ere observed regulacnJ.y 
in Hoist Sedp;e-Shrub qnd \rVet Sedge habitat tvp,~s, an<i occ.qsionally in ~·1oist 

Sedge habitat, between 7 June anrl lA July. ~ot more that A individuals (on l 
,July in i1oist Sedge-Shruh habi t8 t) were ever observed dJJring one day. One 
nest was located in 1~et Sedge on 21 June: the clutch of :< eg~s hatched between 
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S and 10 ,Tuly. Assuming an incutntion peY'iod of lR-?0 da:rs (1-larrison l07P,), 
the earliest possible date of clutch completion was 1~ June. Adult red-necked 
phalaropes flocked and performed g-rouo "distraction" displays in Moist 
.Se<ige-Shrub h2bi b=tt on l and 8 July. !IJo adults were seen after 18 ,Tul y; a 
single juvenile w~s sighted in Moist Sedge tundra on 7 August. 

i\ichil i_'< - Uncommon summer resident and breeder. Phala"'opes were seen at tl--te 
smR.ll ponds and lakes seat tered in the Air~ hi lik ar•o:;a. A pair was se::q 
copulating on 12 June, anj a nest containing 4 eggs was found on 10 June in a 
~1oist Sedge-Shrub margin of a 'T'ussock study pl;t. A ~ale with :: :;hicks Has 
seen in 'v!oist Sedge-Shrub habi.tat on l July. T11e la!'gest num')er seen Has F, 

females on a snall lake on ?2 J·Jne. 

Sadlerochit - Uncommon breeder: fairly common summer visitant. When observers 
ar'rived on 31 fv13.y, phalarope pairs were present in the area, swimming '=tn(' 
performing courtship displays on melt-water ponds in Wet Sedge, Mosaic, Moist 
Sedge-Shrub, and on polygonized margins of upland Tussock habit'l'>3. 
Copulation was observed on 2 June and pairs were frequently observed together 
through mid-.June. "1ales were much less observable after l Q Jur1e, at vrhic"', 
~ime female groups of 2-Q birds dere regulaY'ly seen flying and swimming 
together in melt-water ponds belmv thf-; bluff and along the coast. Fem::tl~ 

phalaY'opes had departed from the area by :: July. One nest Has located in Wet 
Sedge habitat on 21 June. The clutch of 4 eggs was presumably hatched by lFi 
July, but no young Here seen in the vicinity. "1ales with chicks were 
infrequently observed foragirJR: in bluff 111el t-'"'ater ponds throug't mid-cTul v. 
The presence of additional agitated males near ponds in Mosaic habitat through 
mid-.July, and a r:Jale t-lith 2 chicl{s in Moist .Sedge-Shrub on l .July, sup;gestecl 
t''1e probabil i_ r-.y of more successful nests in the area. Juvenile ohala ropes 
were first observed on lS July, flying with juvenile pectoral and semipalmated 
sandpipers. T'!Veniles Here observed in flocks of j-10, foraging in oonds of 
\vet Sedge, Mosaic, anc' Moist Sedge-Shrub habitats through the end of July. By 
August many adults had begun to molt into win~er plumage, making age 
ctistinction difficult. Flocks of up to ':!? birds foraged in ponds beloH the 
hlurf and macte increasing use of lagoon mudflats through lS August. 

Jago Delta Fairly comr:Jon summer resident: pro')able breeder. Red-necked 
phala,~opes '"ere sighted regul8.rly from :: Ju1e through ~0 August. 0 airs Here 
observed together in Rip::trian, M-osaic, and Flooded ''18.'Jitat from 3-18 ,JJne. 1\Jo 
nests were located. !-lo\-JeveP, .:=tgit::tted voca.l i:>:ations of males observed in 
early cTuly indicated that nests may have been present in Mosaic and Flooded 
habitats. 'T'hrough July, obseJ~vations consisted primarily of single birds anrl 
small groups of adults flying through the area and foraging by ponds and lakes 
and in Flooded habitat. Hhen the coast was first visited on lg cTulv, small 
groups Here observed feeding on mudflats by Martin Point. Juveniles were 
first observed j_n Mosaic habitat on ll Aug;ust. Only juvenil~~s '"'ere obse"'ved 
from ll-30 August; flocks of up to 2g birds were seen almost riaily in either 
Mosaic, Flooded, or Wet Sedge tundra, by ponds and on mudflats of the coast, 
and flying in eastward migration. 

Marsh Creek - Rare visitant. Red-necked phalaropes were observed in the Marsh 
Creek area on 2 dates: lS June and l~ Julv. 

Niguanak - Common breeder. This species was seen daily from 2 June to 28 
August. During early June, most observations Here associ3.tej with small ponds 
interspersed i'1 i-1o~3t .Sedge-Shrub habitat. The phala,~opes oossihly util:i::>:ed 
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smaller water hodi.es early in the s8ason due to ea~lier wa"ming and advanc8d 
i··wertebrate production. As thaw progressed, most phalaropes '''e"'e seen in 
Flooded habitat. C:opul3.tion was observed on U, l?, and 10 ,June. Six of' eight 
identified nests were near water bodies in Flooded habitat, sometimes in close 
proximity (less than 10 m) to one another. Active nests were observed between 
18 June and ? July. In late June, females formed small flocks of fi-12 in 
Flooded habitat, and by 10 July, females were no lon~er present in th2 
Nip;uanak area. ~1ales attended chicks in Flooded habitat along with several 
other shorebird species (e.g. pectoral sandpiper, long-hilled dowitcher, stilt 
sandpiper, red phalarope). A'1 adult i.n \.·Tinter plmnar;e H8.S noted on 24 July, 
and by 3 August "ill birds had apparently ch8nged plumRge. During the latt8r 
hRlf 0f August, flocks of males and juveniles ''>~ere commonly observed, o:'ten on 
Niguanak Lat;:e. 

RED PHALAROPE 

Okpilak Fairly common breeder. On 2 Ju'l.e, 'Ji:r'ds wei~c: 8lre3.dy f=t ;_ •l_y 
abundant in ~loaded habitat, and territorial qnd courtship disolays were 
frequent. Copulation was observed on l:J ,June. The e::trliest nest Hith eggs 
l.Jas 23 June, the latest was 18 July. AU nests (n=1J) contained 4 eggs 3.nd 
were located in Flooded habitqt. Known hatch dates were 10 and 16 July. By 25 
June, small flocks aopeared in Flooded habitats, p~obably post-breedinr, 
females. On 8 August, a pecto,-.al sanrlpiper adult 'rras seen •:)"iring for a red 
phalarope chick . 

.Sadlerochit - Uncommon summer visi.'~::rnt. Soli7,ary female red phala"'opes Here 
sighted on ? occasions: one flew over l·Tet Sed12;e tundra on o ,June, one flew 
over the river near the coast on 14 June, and a t~ird perched by the lagoon on 
l"i June. A :n::J.le ph::J.larope was observed on ll and l"i ,T'Jl_y, calling excitedly 
over Mosaic habitat as if young might have been present in 8rea, but no red 
phalaropes were observed again through the remainder of t~e season. 

Jago Delta - Fairly common summer resident; probable breeder. Red phalaropes 
Here observed regularly from 4 June to ?0 August. Pairs and grouos of ?-'::; 

adults were seen together from U June to 18 July, sHimming and foraging in 
small ponds and low center polygons of Flooded, Mosaic, and ~et Sedge 
habitats. Loud vocalizations were noted fro~ 8-ll June, and "chasing" 
displays by small groups of adults were observed on 18 ,June. Seve,-.al repeated 
sightings of pairs and single birds occurred at ponds near camp through June, 
but no nests were located. An adult with a single chick (less than l we~~), 
and another with a brood of 4 were seen in Flooded habitat on 10 and l~ July, 
respectively. Pairs and small groups were seen through 7 August. Fi~st 

juveniles were observed on 23 July foraging by Flooded tundra ponds. After 7 
August, observations were exclusively of juvenile p~alaropes, with singles and 
flocks of up to 13 birds seen in '-'loaded habitat near camp, swimmin~ 5_n 
Taokaurak Ray, and flying westward along the coast. 

Niguanak Uncommon breeder. Red ph3.la~opes were frequently observed in 
Flooded habitat betvreen 12 ,June and ?4 August. Two nests were rliscovereri, 
both in close proximity to water bodies. One nest had 4 eggs and was empty by 
10 July and the second nest contained 4 day-old chicks on 8 -Julv. Males 
attended chicks in Flooded habitat. An adult in winter plumage was first seen 
on 7 August. 
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POMARINJ<.: .JAECiF.R 

Okpilak - ,.,airly common summer resident. Pomarin2 jaegers were observed fr::nn 
? June to 14 August. Large numbers moved eastward during the first two weeks 
of June. Birds were infrequently observed qfter lA July, ~lthough an 
unusually lei!"ge aggregation was observed on 21 ,July between Three Drum Ma"'sh 
and the creek south of caMp. No nests we"'e found in the Okpila~ vicinitv. 

Katakturuk - Uncommon spring vis~tant. Pomarine jaegers were obse"'ved hunting 
in area on 7 -R June, and 15-lfi ,JU'l8. 

Jago Bitty - Common spring migrant and visitant. ~any birds migrated through 
betvreen 5 and 13 ,June, and hunted ovep all habitats on the study area. The 
oeak of migration aopeared to occur on ln June, when approximately 50 pomarine 
jaegers fleH over during a 6-hour period. T-.-Llizqtion of the area coincided 
Hi th the presence of lal"ge numbers of cal vj_n.~;r caribou. Many jaegers fed on 
dead caribou calves and on caribou aftet~hirth. After 1 ~ June, only 7 more 
birds were seen in June, and 1 bird was observed in July. 

Ai~i1ilik Fairly common spring migrant: uncommon breeder. The largest 
numbers were observed during the first 2 Heeks in .JuOJ.e, particula:~ly hunting 
over Tussock habitat. Sightings decreased, and hetHeen 22 cTune and g August 
only 3 observations Here made during plot censuses. A nest containing 2 
recently hatched chicks was found in a Het hummocl(ed area between Het Sedge 
dnd Tussock habitats. Back-dating from hatching provided an estimate for the 
initiation of incubation of 16-20 June (Harrison lQ?A). 

Sadlerochit - Fairly common spring migrant and visitant. Flocks of ~-~ birds 
were frequently observed flying erJ.stward and bunting ove1~ ;:~.11 habitats duri:lg 
th2 first Heek of June. Daily si~htings were made of 1-~ sin~le hirds hunting 
throughout the study area through the end of J·c~ne. A large concentr;:~.tion 0f' 
SQ pomarines hunted with long-tailed and parasitic jae~ers, 3nd glaucous gulls 
over Riparian habitat from fi-8 July, coincidin~ with the end of a large storm 
and a period of insect emergence. Many sand;:Jiper and Lapland longspurs 'lad 
also just hatched, although none were observed to be depPeda~ed. On ?\ Augus~, 

? j·JvenilP.s and ==tn adult hunted over 'T'ussock and Moist Sedge-Shrub habitats, 
and a single adult flew near camp on 1~ August. 

J2go Delta Fairly common breeder: common migrant and summer resident. 
~wenty to 25 pomarine jaegers were seen daily betHeen 4 and 11 June, hunti~~ 

O!' sitting in C:tll hilbitats. fJne nest containing 2 eggs '>las located in ~loaded 
t:Jndra on 12 ,June and was active through at least 22 June. More nests Here 
suspected in the area due to the continuing presence of adults hunting in 
Flooded, Wet Sedge, Mosaic, and Rip::trian habitats, and mobbing of 
investigators and other jaegers through mid-Jul v. An adult reas obse;>ved 
lcUling and eqting a microU.ne rodent in r1oist Sedge-Shrub habitat on 22 
.J'Jly. No juvenilt~s Here noted until l~ August, Hhen 11 adults and juveniles 
were sightf~d in Flooded habitat near camp and enroute to the coast. Adull:.:s 
were seen accompanying l;:u~ge fligi1t-capable young in Mosaic, Moist 
Sedge-Sh:nub, and Flooded habitats from 15-~0 August. They wet~e increA.singly 
observed in familv groups chasin,~ shorebirds on coastal mudfla ss during the 
last few days of August. 

Marsh Creek - Fairly common spring migrant. Pairs and groups Here seen daily 
from 2-20 June tra,rP.ling in a gene"'ally eastT.Tard direction. Pomarine jaegers 
were not observed after the spring migration. 
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Nigu:mak - Common breeder 'lnd spring migrant. Pomarine jaegers Here common 
locally within the 'f'-Tiguanak area. Six pairs nested Hi thin 1 krn of camp. 
During early June, several groups of 1-A birds hunted over the general areq, 
but numbers quickly decltn~d to the 6 nesting pairs. Nest sites were in open 
areas on ,~aj_sed ground or hummocks surrounded by saturated soiJs. The first 
nest vias found on ll June and contained l egg. Full clutches averaged 2 
eggs. After nests were initiated, adults were frequently observed mobbing 
raven.s, gulls, and rap tors or engaging in territorial boundary disputes ><Jj_ th 
other jaeget'S. Aggressicre voca.liz'ltions and dive threats were directed at 
foxes, caribou, and observers near nests or young. Eggs were observed pipping 
on g 8.nd 11~ July. Within a fe1-1 days, young chicks moved to Flooded '1::t'lit'l.t 
where they were attended on lake banks. At threat of danger the chicks would 
move onto the water. By the end of August, most young had fledged and over 18 
adults and juveniles congregated at Niguanak Lake. As the young birds greH, 
adults mobbed only the peregrine falcons and gyrfalcons that passed through 
the area. 

PARASITIC JAEGER 

Okpilak - t:;'airly common surrLmet' resident. Birds were frequently observed from 
2 June to 13 1\ugust. Sightings were most common in "'loaded habitat. D"Jring 
mid-Jnne, pairs were observed feeding on a fresh northe"'n pintail carc3.<3c;, 
attacking a stil "::. sandpj_per, 3.nd chasing Lapland longspurs. No nests were 
found in the Okpilak vtcinity. 

Katakturuk Uncommon summer resident: probable breeder. Two parasitic 
jaegers were observed in the study area on weekends from 7 ,Tune through 17 
August. A ~est was suspected in Riparian habitat, but no chicks or juveniles 
were observed. 

Jago Bi tty Uncommon breeder. Small numbers of parasitic jaegers Here 
observed regularly between 2 June and 1~ August. Birds were sighted in 
similar numbers in all habitats except Tussock tundra which received 
infrequent use. One nest was found in ~l'let Sedge habitat on 1~ June, and a 
second nest was found in ~oist Sedge on 1 July. Each nest contained 2 eggs; 
one clutch began to hatch on 3 July, the other on 8 July. Assuming a.n 
incubation period of 24 to 28 days (Barrison 1978), e~gs were laid hetween S 
and 14 June. Young parasiti8 jaegers were very secretive and difficult to 
locate during first feH weeks (i.8. before fledging), but appeared to stay in 
the nest site area. On 9 August, 2 flight-capable young Here observed wit'1 2 
qd~lts near the Wet Sedge nest site, and on 7 and 11 August, 2 fledglin~s were 
seen with adults near the nest in Moist Sedge. Observations of feeding 
activity by parasitic jaegers included use of avian and mammili."l.n prey: 
depredation of rock ptarmigan ep;gs, moderate feeding on dead caribou calves 
and caribou afterbirth, and extensive hunting and killing of juvenilA 
ptarmi;S::J.n. 

Aichilik - Uncommon summer resident. Parasitic jaegers were seen 
to 15 August, but only rarely were more than 2 individuals 
identified on any day. They were seen most frequently in Moist 
and Tussock habit'lt, but occasio~ally occurred near canp in Riparian 

from ? June 
positively 

Sedge-Shrub 
a reels. 

Sadlerochit Uncommon breeder: fairly common summer visitant. Parasitic 
jaegers were observed re,~ul8.rly from -=<l May thr:Jugh 16 August. 0 airs and 
single birds hunted over all habitats through ,June, but most consistentlv over 
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J:.let SedR;e, Mo:-:;a ic, Moist Sedge-Shrub, and Tussock habitats. Beginning on ~ 

June, a pair consistin~ of light and dark phased individuals was noted in Wet 
Sedge habitat, near where a similar pair had nested in l081+ (Miller et ~1_. 

l98S), Rnd was suspected of nesting in 108~ (Spindler et al. 1984). rourtship 
"head-touching" behavior was observed on 3 JunP., and a nest Has discovered on 
14 Ju~e on a mossy hummock in Wet Sedge habit~t. The nest contained ? eggs. 
On:; c:1 ick (2-S days old) Has found ~ meters from the nest on 12 .Tuly: the; 
other egg, or chick, was not located. A necond chick (found partially covered 
r~rith tar in a coast8.l tapp i..t) vras fostered next to the resident chicx on 11-1 

,July. Tne adults 3.pparently accepted it, and 2 young were seen once on l a 
July '::lefor>r'" fl·.o:J.s5_ng. Thr·:::~ugh ,July, ar.hl ts hunted prim'il~i ly in Het Sedge and 
Riparian habi t3.ts, coinci·ii 1g r..Ji th greatest 3.ggregations of Lapl;:md longs pur 
8.nd shorebird fledglin~s. F~om ~id-July onward, they hunted always as a team 
~nd became increasingly efficient in capturi~g fledgling longspurs and 
shorebirds (up to g per> .hy). Adults invariably returned with prey to young 
hi-dden in hTet Sedge and Moist Sedge vegetation along the riverbank. On 7 
August, tHo fledglings were fi!"'st noted in the arro3., and becaroe increasingly 
observable through :nid-August '-'Ihih~ learnin,g; to hunt along the river near 
camp. On 9 and 15 Aw<;ust, a third flwlgling was observed in t'F~ -ri~~-ni ty, 
lead ins "investigators to suspect that both resident young, as 1-1ell as the 
fostered chink, ~ad survived • 

. Ja~:ro Delta - Uncommon breeder and summer visitant. Sightings of sin(,';le o;~ 

paired par8s itic jaegers occurred 8.lmost rlaily between 8 June and 28 Augu-st. 
Birds were observed flying, hunting, and/or being chased by other avian 
spe;ies ove:~ qll h8.bitats except open wats"'. 'T'hree nests weroe located betwee'1 
?4 June and ~ July, one each i'1 Flooded, ~osaic, 3.nd Moist Sedge-Shrub 
~12.:)i_t:~ts. 1\ll nests held clutches of 2 er',.SS, and wer>e located on (]r>ie"', 
sll~1tly el2~ated microrelief in sedge vegetation. Two adults with a juvenile 
Here observed near a nest area in Moist Sedge-Sh"'uh habitat on s Augu'3t. 
Birds were sighted on the coast ch3.sing pomarine j<tegers on 20 July. H'ewer 
;:>ar~Bitic jaeger>s were seen near camp fr>om 7-28 August, bu::. a juvenile and a 
nesting pair were observed hunting r>egularly in Plooded and Riparian 
habitats • .Singl2 birds t..Jet~e obse;~ved chasing ::=tnd capt~1ring shorebird 
j11venih:s along coastal mlldflq ts on several occasions durin{S this period. 

Marsh Creek Uncommon breeder: f"li r>ly co11mon summe1~ r>c:.siden.t. Par't::;i ~~ i_c 
jaegers were seen freouen::.ly in t'1e Mar>sh Creek 3.rea. A nest rtJ:~ t'1 2 eggs 1-1ac:; 
f::>;lnd on 12 June ::m a sm:=tll, mossy high-cente:· oolyg::>n. !<'l_i_ght-capr.tbl_p 
juveniles ~er>e seen in the 3reu h~ginninp; on 1 August. 

~Jig11il:1ak - Unc::>r,lmon summer rc,.">ident. Frequent. sightings rvere nade bet1r1een G 
,Ju::le and 16 August, ll':l\vever, several 'vere :~epeated observations of a loc'll 
rai~" ~.h:J.i~ rreque11tly hunteo 3long tussock-covered hil_lsides above a ravi'1'0. 
7he l~st si~hti..~g occurred 7 km south of CHmp on 29 August. 

LONG-~AILRD JAEGER 

Okp_~h_'-: Unc)Ori1111on 'Jreeder: fai_~lv (!Or~•n)n ,,~l"l'llh~~ :'ec3LrlP'1t. SightinR;S 0f 
:_ong-t:=tiled jaeger.s occurred 'llT'lost :i::tily from ? J1m:; to 1 11 1\'l~ust, but th'O 
hi_:nds \vere l~sc3 r~on.~:;pi_,~IJOU3 aft~r 2 .July. f,b:_:c;·-, Sed,~'-"-Sl-,r:l') 'd'}S the most 
f•t;q•lP'ltly u.sed habitat ty-pe. On 17 cJune, a ne:3t 'with?"''~"',~'; \JaS f'ouni in Ivet 
Sedge h3.bit8t, l)t:t it was n'Over reloc3.teri. 
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Ka takturuk Fairly common breeder. Long-tailed jaegers '1-Tere sighted 
frequently in the study area from 7 June through 17 August. One nest was 
discovered in Moist Sedge habitat on 28 June: however, from frequent sightings 
of adults in she surrounding area, several more nests were probably present in 
t1oist Sedge and Moist Sedge-shrub habitats. The known pair was unsuccessful 
in hatching their one undersized egg (l em shorter than the mean of ~.1 em). 
They were still actively defending the presumably infertile egg on 17 August. 

Jago Bitty - Fairly common breeder: common summer resident. Moderate numbers 
of long-tailed jaegers were observed regularly in 8.11 habitat types from ? 
June through lS August. Slightly elevated levels of use were noted in ~1oist 

Sedge and Wet Sedge types. A pair of long-tailed jaegers was observed 
copulating on ~ June. Nests were located between 9 June and 2 July in Moist 
Sedge (n=l), Wet Sedge (n=2), and Ripari8.n (n=l) habitats. All nest8 
contained 2 eggs. At ~ successful nests hatching occurred between 29 June and 
() July; assuming an incubation period of 23 days (Harrison 1978), eggs were 
laid between 6 and 21 June. Chicks were typically gone from nests within 
several days after hatching. Hatchlings were secretive and difficult to 
locate during pre-fledging period. Flight-capable young were observed with 
adults near 4 of the 5 successful nests between 8 and lS August. Long-tailed 
jaegers were seen feeding on dead caribou calves (during June), and on 
juvenile ptarmigan (during August). 

Aichilik - Uncommon breeder; common summer resident. Long-tailed jaegers were 
seen from 2 June to 15 August. They were very common during the first 10 days 
of June (10-20 individuals seen daily). By the end of the second week of 
June, the numbers had st8.bilized and approximately 4-6 birds were seen daily, 
primarily in ~oist Sedge-Shrub, Tussock, and Moist Sedge habitats. A nest was 
found on 1 July on a mossy hummock in Wet Sedge. One of the 2 eggs was 
hatched by 20 July. The nestling appeared to be ?-~ days old: using a 2~-day 

incubation period (Harrison 1978) for back-dating, incubation began on 21=1 or 
26 June. The second egg was gone by 22 July and the parents behaved 
defensively at the site. This nest was initiated about 2 weeks later in the 
season than the 2 nests reported at Aichilik in 1984 (Miller et al. 1081'1). 

Sadlerochit Fairly common breeder: common summer resident. Long-tailerl. 
jaegers were observed daily from ll May to Hi August. Highest numbers of 
single birds and pairs hunted the river area, Hhile a consistent l-3 birds 
hunted over Wet Sedge, Mosaic, Moist Sedge-Shrub, and Tussock habitats through 
June. Members of a pair were observed lying next to each other on a Mosaic 
habitat hummock on 7 June. Three nests were located between 9 and 17 ,June, 
one each in Moist Sedge-Shrub, Riparian, and Moist Sedge habitats. ~Jo nests 
contained single eggs, and the third held ? eggs. Egg laying was known to 
have been initiated during 8-9 June at the Riparian nest and on approximately 
15 June at the Moist Sedge-Shrub nest where l chick (2-3 days old) was 
observed on 8 July. Flightless young were sighted near the nest located in a 
Moist Sedge area on the river floodplain on 21 July. An insurgence of l0-60 
adult long-tailed jaegers hunted along the river with other jaeger species and 
gulls from l-10 July, and on 2n July another large flock foraged in Riparian 
habitat. It was uncertain what prey they were hunting, but the ea~lier 

aggregation coincided -with a large insect emergence and the hatching of many 
shorebirds and longspurs. Long-tailed jaegers were consistently observed 
perched along river banks from mid-July through mid-August, and were noted 
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capturing and sv.rallowing lemmings on at least ::3 occasions. In August, few 
birds remained in the area, most hunting singly by the river, near camp, and 
over the lagoon. A juvenile was observed hunting in Riparian habitat on 1c:; 
August. 

,Tago Delta - Uncommon breeder. From l to 4 birds were seen almost daily from 
4 June to 28 August. Long-tailed jaegers Here observed hunting over all 
habitats, but most frequently in Mosaic and Riparian tundra. A pair was first 
observed on 5 June, and a nest containing 2 eggs was located in Mosaic habitat 
on 12 June. Chicks were presumed hatched between 6 and ll July, when the nest 
v.ms found empty and highly defensive adults were nearby. After observing 
adults consistently in the area for a month, a juvenile was sighted with them 
in Mosaic habitat on 14 August. At least one adult was observed with a 
juvenile in the area through 28 August. Single adults were sighted regularly 
hunting along the river delta, mudflats, and Riparian habitat from 20 July 
through 28 August. 

Marsh Creek - Fairly common breeder. Birds were observed daily from 2 June to 
15 August. A nest with 2 eggs hatched during the first week of July, and a 
second nest with 2 eggs on a Dryas bench hatched on 16 July. Juveniles were 
seen in flight beginning 30 July. 

Niguanak Uncommon breeder: fairly common summer resident. Long-tailed 
jaegers were frequently observed from 3 June to 30 August. Up to 4 
individuals were frequently observed hunting in a hovering manner over Tussock 
habitat. A nest was found on a northwest facing Dryas bench near the head of 
a large ravine. Two chicks, about 2-3 days old, were seen outside the nest on 
16 July accompanied by highly defensive adults. 

MEW GULL 

Okpilak - Rare visitant. One adult Has seen on 27 June feeding on a lake. 

Aichilik - Fairly common spring visitant; uncommon summer and fall visitant. 
One or two birds were seen almost daily during June, then l bird Has seen 
weekly through 14 August. Sightings were restricted to river areas. 

Sadlerochit - Rare spring migrant. A single adult flew from southeast to 
northwest along the bluff on both 4 and 18 June. 

HERRING/THAYER'S GULL 

Okpilak - Rare spring migrant. One adult was seen flying east on 20 June. 

Katakturuk - Rare spring migrant. An adult herring gull was observed flying 
north along the Katakturuk River on 21 June. 

Aich"lik Probable rare summer visitant. A large gull, more closely 
resembling field guide descriptions of herring gull than of any other species, 
was seen infrequently from 7 June until 4 August. The· bird was usually in 
close association with resident glaucous gulls. In all respects except the 
black-tipped outer primaries, the bird appeared identical to a glaucous gull. 
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Sadlerochit - Rare spring migrant. A sin,c;le adult 1.,ras seen on ~ occasions: 
flying sout~ along river on ~1 May, hunting over Riparian habitat on 2 JunP, 
and flying over coastal Wet Sedge tundra on 5 June. 

SLATY-BACKED GULL 

Sadlerochit - Casual summer visitant. An adult slaty-backed gull in a large, 
mixed flock of jaegers and glaucous gulls was observed for one hour on 3 Julv, 
apparently hunting insects along the river near camp. A dark plumaged, 
first-winter bird flew east along the coastline on 10 July. 

GLAUCOUS GULL 

Okpilak - l:"airly common breeder. Birds were observed almost i8.ily from :;.> ,June 
to 14 August. The large majority of sightings and ? nests occurred in ?looded 
habitat. One nest contained a single egg on 11 LTune, 2 eggs on lQ and 25 
June, a:1.d was found empty on 3 LTuly with ? chicl<:s nearby on ll July. The 
second nest contained 3 eggs on 3 .July and was empty on q July. Three chicks 
were seen in the nest area on 11 July. Both nests were constructed on 
islands. A. flock of over 20 o;ulls was seen in flight on 17 June, and t1t10 
flocks of more than 10 fleH east on 23 .June. 

Katakturuk - Uncommon summeC" visitant. Sing;le glaucous gulls were seen on 7, 

8, 15, and 21 ,June, ?6 ,July, and 16-17 August flying through the study area 
along the Katakturuk Riv9~ • 

. Jago Bitty - Common spring migrant and visitant. From 2-16 June, relatively 
large numbers of glaucous gulls (up to ll individuals per group) were observed 
in the study area. Most biros were sighted near the Jago River j_n Moist 
Sedge, Wet Sedge, or Moist Sedge-Shrub habitats. Maximum ui·.ilization of th ~ 
area by gulls coincided with the presence of large numbers of calving 
caribou. Between 16 June- and 15 August, lone birds and occasional pairs were 
periodically observed along the river. 

A ichi l iY - Fairly common summer resident; probable breeder. Glaucous gulls 
were seen daily throughout the study period (2 June to 15 August). Singles 
and pairs frequently traveled along the Aichil i.lc River drainage. On 6 ,July, a 
glaucous gull eggshell was found in Riparian habitat, and on 25 ,Tuly, 
defensive behavior by a pair indicated that a nest or young were probably 
nearby. Glaucous gulls were occasionally seen away from the river, apparently 
feeding on carrion. 

Sadlerochit - Uncommon breeder; common summer resident. Glancous gulls 1.,rere 
observed ciaily from 31 May to 16 August. Many gulls seen singly or in flocks 
:'le1,.,r over all habitats, perched on beach and river edges, and swam in the 
lagoon and in the river through 2? June. The area by the bluff was frequently 
used as a f1 ight path. After 23 ,June, fewer gulls were noted and were usually 
observed as singles or groups of 2-~ birds. One nest, which was located on a 
shallow mud bar in ~he river delta, contained one chick (aoproximately 1 week 
old) on 4 Julv. Assuming an incubation period of 27-~0 davs (Harrison l078), 
the nest was initiated during the first wePk of June. Another nest was 
suspected in Riparian habitat aporoximately ~ km south of the coast. By t~0 

end of July most sightings were of gulls huntinq; over the lagoon, barriet' 
islands and shoals, ani along the river. Three first-year juveniles were seen 
near the la~oon on 12 August. 

310 



Jago Delta - Fairly common breeder at coast; common summer resident. Glaucous 
gulls were sighted daily from l June to 30 August. Gulls were observed 
frequently throughout the day in flocks of up to 11 birds flying over all 
habitats, and perching on drier hummocks in Flooded and Wet Sedge tundr8. 
through 2i June. After this date the number of total gulls dropped 
substantially and daily sightings were restricted to single birds flying in 
various directions over the study area. A colony of 8 nests was located on 
the coast on 19 July, and 18 adults and 7 young (10-15 days old) were present 
in the area. A 3-nest colony with 6 adults and 3 chicks was found at Martin 
Point near some lakes on ?::l July. Adults and birds in first-winter plumage 
were first observed at the coast on 20 July, and fledged juveniles from both 
colonies Here seen on 7 August. Through the end of the season, small flocks 
were observed near the coast with a maximum of 52 migrants (not from colonies) 
sighted on 23 August. 

Marsh Creek - Fairly common spring visitant; uncommon fall visitant. Singles 
and pairs 1,vere frequently observed until 20 June flying along Marsh Cree":. 
Thereafter, sightings Here restricted to ::l dates: 24 July, 6 August, and 14 
August. 

Niguanak - Fairly common visitant. Glaucous gulls were regularly seen during 
June in groups of l-3 birds. During July and August, sightings of single 
individuals Here less frequent. Several 1,vere observed feeding on a caribou 
carcass in early June; however, most sightings were of birds flying through 
the area. 

ROSS' GULL 

Okpilak - Rare spring migrant. A single individual was seen flying southwest 
along the coast on 2 June. 

SABINE'S GULL 

Okpilak - Rare spring migrant. Two observations were made of birds flying 
eastward over camp: a single bird on 8 June and a pair on 9 June. 

Sadlerochit - Rare visitant. A single adult Sabine's gull was observed flying 
eastward over camp area on 7 and 8 June. On 20 June, a group of 3 adults flew 
eastward, and l adult was observed flying westerly and hunting briefly over 
~osaic habitat on 11 July. 

Jago Delta - Rare visitant. One adult was observed resting on the shore of a 
lake near camp for the afternoon of 8 June, and a single bird flew northeast 
over upland tundra on 24 June. Three observations were made of adult Sabine's 
gulls near the coast during late summer: 7 flew along the Jago River and 
foraged over coastal mudflats on 19 July, 4 flew over Jago lagoon on 5 August, 
and a flock of 5 flew east over Tapkaurak Bay on 12 August. 

ARCTIC TERN 

Okpilak - Uncommon visitant. Arctic terns were occasionally seen between 5 
June and 12 August. During mid-June, pairs were frequently observed feeding 
in Flooded habitat or flying near Okpilak River. A flock of over 15 fed in 
Flooded habitat on 17 June, and a flock of 5 was seen flying east on 20 June. 
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Jago Bitty - Rare visitant. A single arctic tern ~as observed ;;long the Jagn 
River approximately 3 km northeast of camp on 21 June, a~d on 11 July a group 
of 3 terns was seen along the river 5 km northeast of ca~~. 

Aichilik - Uncommon summer resident. Beginning on 7 June, a~ctic terns were 
seen hunting over th~ Aich"i lik River in singles or pairs. The sightings 
occurred ~ or U times weekly, but no direct evidence of nesting was found. On 
?l July, a par:.1si.tic jaege!" 11arassed a tet"n into dropping its fish pr'=~'· 

Beginning the third week of July, l::tl"ger groups of terns were seen as they 
frequently tra·veled along Dryas benches. The l_argest flock recorded <.ra:s q 
birds on ll August . 

.S'ldle!~ochi t - Rare breeder: fairly common summer vi sHant and fall mig~"ant. 

Arctic terns were observed regularly from ~ June to l~ August. Groups of ~-0 
birds hunted over the river and lagoon dailv from 1~-10 June, and 1-U July. A 
pair ·was fj_rst observed on 8 ,Tune, and their nest cont:=J.ining 2 eq;gs HrJ.s 
~iscovered on a river gravel bar near camp on R July. Through July, the pair 
hunted over the river and vigorously defended the nest. The nest ·tJ;is 

u:1successful, possibly due to frequent flushing of the adults by .4aegers and 
gulls in the vicinity: th2 single remaining egg was abandoned on 15 August. 
From 7-13 August, groups of 5-2~ terns 1.-1ere again seen moving through the 
area, huYlting ;:tlong the river, and s1.-1imming and foraging in the l8goon. An 
arctic tern fle1" well out of normal ·-wnting range (a~proximately 1.+-S Y:r:1 south 
of coast) to c1.ase a peregrine falcon over upland 11oist Sedge·-Shrub and 
Tussock habitats on 17 J~ne. 

Jago Delta - Fairly common summer visitant; common fall migrant. Single terns 
and flocks of up to 8 birds were observed flying in various directions over' 
study area on 9 days between 2 and 21 June, and on 17 and 19 July. A few 
terns hunted briefly over lakes and ponds in the aro'3.. F:-om 20 .July through 
30 August, small flocks Here seen almost daily at the coast feeding in lagoons 
and resting on delta murtflats. Average numbers ranged from 5-15 birds sighted 
per day, ,,.,:i_ th maxima of fi ~ and oo observed on 25 and ~() August. A large 
percentage of those observed on ~0 August was juv~nile. 

~~guanak - Uncommon 
7 June and ending 
hunting the larger 
fed together over a 

visitant. Arctic terns were observed on 17 days beginning 
14 August. Most sightings consisted of :-wlitary bir(h 

Hater bodies of the Niguanak area. a~ ll August, 3 hirds 
shallow Arctophila pond near ca·n;:J. 

Sl\TOHY OHL 

Okpilak - Fairly common summer resident. Snowy owls Here seen regularly from 
2 June through 111 August. They were generally observed hunting in Mosaic and 
11oist Sedge-Shrub habitats and occasionally in '\-Jet Sed:;8. 

Aichil i.k - Rare migrant. No confirliled sightings were made; however, l dead 
immature owl was found on 5 ,Tune in Het Sedge habitr>.t. 

Sadlerochit Common summer resident. An adult and a heavily streaked 
immature owl were observed in the study area rlr:tily from ~l May to lf; Augus~:. 
The birds were either sighted alone or within 100 m of each other, perched and 
"lunting from polygon ridges, hummocks, and drift Hood stumps. Owls Here seen 
in all habitats throughout the season, with the bluff edge appearing to be a 
highly prefer~ed perch area for reco~naissance. Owls 1tilized ~osaic habitqt, 
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swales of Moist Sedge east of the river delta, and Wet Sedge tundra near the 
lagoon to a higher extent in ,June and early ,July. Three to S owls (includinr:; 
_? im:'latures) were observed on q davs in 1~elatively close association with one 
anothee beb.reen 6 ::tnd 26 July. Sightings 8f in(H vidtF3.ls hunting from perchGs 
;n Riparian habitat occurred from mid-.July onward, coincidlnr:; with the 
emergence of arctic ground squirrel (Citellus parryi) yo:Jng fro:n burro<;J.s. 
Ovrls Here twice observed capturing microtine rodents. The parasitic jaeger 
pair in study area were the only birds that harassed snowy OH1s: chases 
occurred frequently during late incubation and early brood periods of jaeger 
chicks. The p~esence of immatures Hi th adult owls, anrl the lack of a~1y 

nbservations of adults carrying prey indicate these were probably non-breeding 
i nd_i_ v ij•n l_s • 

. J'J.go Delta - Uncommon breeder; common summer resident. Snowy owls vrere seen 
:i;:J_ily from 4 June to 30 August. Three birds were regularly observed through 
.Lme perched on, o,~ hunting from, mounds in '<'looded, Het Sedge, Mosaic, "l.nd 
Riparian habitats. Beginning in early July, at least ? more owls were 
frequently seen in the study area, ''L'ld Olvl u:se was relatively hig!:1er in 
Flooded and Riparian habitats. Two or 3 owls were observed near the coast on 
SEWeral days at the end of July. !IJumbers of owls at coastal .qreas increased 
slightly through August, with a maximum of liJ bids (including 2 juvenil=o~3) 

een between camp and Tapkaurak Bay on 21:) August. No nests were located, but 
evidence of breeding in the study area was supported by observqtions of adults 
feedin~ 3 large young in 7looded habitat on 7 August. Two young were fledged 
by lS Aug•Jst, and the third was beginning to fly awkwa1~dly on Hi August. 

l.Jiguanak - Uncommon breeder: fairly common sprinrs vis-i_ t:-mt. During the first 
~ weeks of June, 1-~ individuals were frequently seen perched on hummocks near 
Niguanak Lake or resting on the lake ice. On 15 June, a nest was found atop a 
steep knob 12 m above the mouth of a ravine ~ km northeast of canp. One chick 
had just hatched and 5 eggs remained in the nest. A sixth egg was found 0.5 m 
away fr8m the nest. Rack-dating using a ~?-37 day incuh~tion period (Harrison 
1978), ~-ndicated the first egg 1,.,ras la 1d between o and 14 May. 'T'he nest site 
afforded excellent visi~ility of the surrounding area and the femalo 
skittishly flushed when observers "l.pproached Hi thin c:;oo m. As the nest was 
approached, the female flew onto a snowfield, where she vigorously beat her 
wings and sporadically vocalized in a distraction display. The male attended 
the female and was often seen che1sing jaeger's, ravens, and rough-legged 
hawks. The la3t snowy owl observation occurred at the nesting area on 2 July; 
the fate of the young was undetermin~d. 

SHORT-EARED OWL 

Okpilak - Uncommon summer resident; probable breeder. Observations were made 
on 12 days during the field season, the first on 3 June and the last on 13 
August. No nests were found in the Okpilak vicinity, although one was 
suspected to exist 1.5 km south of camp in Mosaic habitat. On 13 August, 5 
owls were seen f1ying together south of camp v.rhich were probnbly a family 
group from the suspected nest. 

Ka takturuk Uncommon summer resident; probable breeder. Short-eared owls 
Helne observed infrequently on 6 of 10 surveys in the study area. No nestc:; 
1,.,rere located, but nesting in ·.ric in1 ty of bluffs was suspected. 0Hls Here 
first observed on 7 June, and on 17 August a group of S birds were seen flying 
in Tussock habitat. 
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.T~go Bitty - Uncommon breeder. Small numbers of birds were o~served regularly 
from 2 June through 15 August. Short-eared owls '-'Jere seen in 8.11 habitat,s, 
but most frequently in Riparian areas. The 2 nests located in Riparian 
ha'1itat were bP.lieved to have been initiated by~ sinp;le pair of owls. The 
first nest I.Jas located on 1~ June and contained 6 eggs. On ?0 ,Tune, the nest 
was empty and abandoned, and an owl was flushed from a partially constructei 
nest 350 m from original site. On 28 June, the second nest contained 4 eggs, 
and, on 24 J~ly, 3 chicks (3-A days old) were present. The nest was empty on 
8 August, and no owls were seen in the vicinity. An owl pair performed 
distraction and defensive displays over Wet Sedge and Riparian habitats 8 km 
east of camp on 19 July, suggesting they also had young. A group of 7 owls 
was observed on 0\cpirourak Creek on 14 August. T'dO 01.Jl.s harassed observe1'c'> 
for several minutes, then all birds landed on a gravel bar. 

Aichilik - f'airly common breeder. Short-earect o1,;rls were seen occ~sionall~, 

from 2 June to 15 August, particularly during the evening hours. Three nests 
were found, ~ll in upland habitats on snall hummocks or between tussocks. One 
nest contained o eggs on 11 June and was not disturbed again until 3 ,July, 
when it contained 1 egg and 1 nestling. The chick ,~As large and hAalthy on 1~ 

July, a~d on 2~ July the nest was empty. Laying was backdated to 
approximately 10 June. Another nest held 2 nestlings about 10 days old on 19 
June. A third nest contained 5 eggs on 19 June, 7 eggs on 24 June, and 1 egg, 
6 young, and a microtines on 17 ,July. On 8 August the nest was empty. 
,Juveniles were observed roosting in hlet Sedge and Moist Sedge-Shrub habitats 
during Augu'3t:.. 

Sadlerochit - Uncommon breeder. Members of l-2 short-eared owl pairs Here 
observed daily in the study area from 31 May through Hi August. 0Hls hunted 
over all habitats through June, especially Wet Sedge tundra near camp, Moist 
Sedge-Shrub habitat, and floodplain between the river anct the bluff. T~vo 

birds performed aerial chase displays on 7 June, but it Has uncertain Hhether 
this Has courtship behavior betHeen male and female, or territorial aggre3si.)n 
betHeen 2 males. A nest containing 6 eggs was located in dense willow of Wet 
Shrub-Sedge habitat approximately Cj m from the river bank on 23 June. On 2 
.Tuly, the nest contained 2 chicles and 3 eggs, and bv 17 July, 1 downy young 
and 1 unhatched egg remained. At ':his time a cache of q voles (Microtus 
oeconomus) was noted in ':,he nest. Fledgling oHls were first seen in Wet Sedge 
habitat near ca~p flying with adults on 7 August, and in Tussock habitat on 13 
August, inciicating the probability of more nests in area. Short-eared oHls 
Here observed on several occasions vigorously chasing golden eagles and arctic 
foxes, often up to 5 km aHay from nest site. 

,Jago Delta Fairly common breeder. Short-eared owls Here sighted 
in frequently (on 13 days) from 5 June to 29 August. One nest containinr; U 
eggs WAS located in Moist Sedge-Shrub habitat on 5 June, and was depredated by 
8. pomarine jaeger on 10 June. On 17 June, the female flushed from the same 
site, but upon inspection on 24 June, the nest Has abandoned. A second nest 
containing 6 young and 1 egg Has found in Moist Sedge habitat on 17 July. An 
adult Hith ~ juveniles Has observed flying in f1oist Sedge-Shrub habitat on 21 
August, and a flock of 4 individuals hunted near Tapkaurak Bay on 2q Au~ust. 

Marsh Creek Fairly common breeder. A pair vras observed on ?2 May; 1 

individual made loud displaying Hing beats in "light in front of the second 
perched bird. During early June, single birds Here seen hunting over Riparian 
hebitat and the adjacent hills and benches. A nest containing fi eggs was 
found in r~oist Sedge-Shrub habitat on 17 June. One chick and ~ eggs He,~e 
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noted on 8 July, and on 15 July, just 3 eggs remained. Short-eared owls were 
seen (hily from 2-lS August. Four in1ividuals were flushed from solifluction 
mounds in i1oist Sedge 11abitat on 12 August; at le:tst 2 birds were juvenilP.c3. 

Niguanak 
August. 
h8.bitat. 

- Common brec?d ,.., . S~ort-eared owls were seen from l June to ?n 
Five nests were found: ~ in 1'1oist Sedge-Shrub and 2 in Het Sedge 
All nests were in areas with considerable habitat heterogeneity and 

nicl~orel ie f. Nest sites Here on hummocks or polygon ridges providing good 
v:i_sUYility. One nest containing 7 eggs on 8 ,June Has found empty on 17 Ju110, 
~ut a suspected renest with 2 eggs was found nearby on the same day: hoHever, 
that nest was never observed agai!'l. Another nest, containing fi eggs on Q 

.June, Has observed with fi heal thy chicks and l egg on 12 July. The male 
engag•?d intensively in a "broken-l,.,ring" distraction display vJl-Jile the female 
remained on the nest. Nine days la'::-er, the single c~gg i,.,ras being incubated but 
the chicks had disappeared. A third female Has observed incubating 5 eggs 
between 20 June and 6 July, but the nest was found empty with only the remains 
of a single you'1g c'lick on 15 .July. A fourth nest, containing S eggs on ,q 
.Jc.me and 7 eggs on 17 June, appeared to success fully fledge the 4 chicks 
observed in the nest on 8 .July. During August, adults and juveniles wer-e 
f('equently flus~1ed from roosting areas in deep moist depressions. Adults 
quickly left the area, but the juveniles curiously circled the human 
i1truders. By late August, at least 9 juveniles had congregated around 
Niguanak Lake, hunting the abundant lemming and vole populations during 
crespuscular and nocturnal hours. 

HORNED LARK 

Katakturuk - Rare fall visitant. Seve~al horned larks were observed on 9 and 
10 August on the blu:fs 4 km south of camp. 

1\.i.-~hi.lik - Rare spring migrant. ,~ single ho.,ned lark was seen ll June at, 
Aichilik ,;amp on a Dryas bench near the river. 

Marsh Creek - Rare spring visitant: probable breeder. On 20 June, a pair with 
l fledgling was observed feeding on the bluff l km south of camp. The pair 
was seen again in the same area on 2l June. 

BANK SHALLO\'-' 

Jago Delta - Casual migrant. Three bank SHallows were see'1 flying west over a 
small coastal lake near the Jago River delta on 7 August. 

BARN S\,.fALLOT,.f 

Jago Delta - Casual visitant. On ?0 June, 2 barn sHallows flew into the camp 
arert, landed briefly on radio antennae wires, and then flew west over the Jago 
River. 

~OM~10N RAVEN 

Okpilak - Uncommon summer resident. Ravens 'tlere seen on 10 days during the 
field season, the first on S June and the last on ll August. Birds were 
usually observed i'1 Plight: however, on 11 June and 7 August ravens were seen 
foraging in !1oist Sedge-Shrub habitat. On 10 Angust, a pair was noted 
perching on a camp structure. 
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Kata'<tu:ruk - Uncommon summer visitant. R<:tvens were sighted in groups of ~-4 

birds on 4 of 10 weekends the study area was .surveyed: 7-8 June, "i-fi July, 
l~-14 July, anj 16-17 August. 

,!ago Bitty - Fairly common visHant. Small numbers of birds (U\) to 4 in a 
group) were observed on c; days betHeen S and 28 June, on ll July, and on 111 

August. Ravens were seen in all habitats except Moist Sedge-Shrub. 

Ai8:1ilik - Uncommon summer l"esident. Individuals and small flocks of 2-4 
birds Here seen on a regular basis (once or twice a week) throughout the study 
period. There was no evidence of local breeding. 

Sadlerochit - Uncommon summer vis~tant. From l-4 ravens were seen flying over 
all habitat types, or along the coast, sporadic'llly between 31 May and l"i 
July. Two or 3 birds Here sighted flying and calling together near the coast 
on 6, 8, and ll Augu~t. 

Jag;o Delta - Uncommon summer visitant. A single raven HaS observed perched in 
Het Sedge habitat on 20 June, after hlhich l-3 birds Here sighted 011 f, 

occasions through 20 July flying in vari0us directions through the study 
area. On g August, a group of 4 ravens Has seen flying south along the rive~. 

!1arsh Creek - Uncommon visitant. The first sighting occurred on 6 June, the 
last on ll August. Other observations Here noted on 19 and 20 June and on 15 
a.nd 24 July. 

Niq;uan<:tk - Fairly common resident. Be_g;inning 13 June, ravens Here observed 
several times a Heek throughout the fielrl season. Up to 4 individuals HeY'e 
commonly observed in 
frequently mobbed by 
aggressively chased by 

flight over ridges and Tussock habitat. 
pomarine jaegers, and on 18 June, 2 

a male snowy owl near the owl's 11est site. 

NORTHBRN 1t!HEA'l'EA'I=l 

Ravens 
ravens 

were 

Aicl1ilik - Rare fall migrant. One bird was observed in 'Uparian habitat on 15 
August. 

Marsh Creek - Rare fall migrant. One male, molting into winter plunage, \-Ias 
seen in Riparian habitat on ll Augu~t. 

Niguanak - Rare fall migrant. A single individual Has observed on the south 
banks of Niguanak Lake on 14 August. 

HER:v!IT THRUSH 

~arsh Creek - Accidental visitant. A solitary male Has heard and seen in the 
willows near camp between 3 and 19 July. 

AMERICAN ROBI't\J 

Katakturuk - Casual visj_ tant. A single adult robin t-ras observed in 'Uparian 
habitat on the surveys of 9-10 and 16-17 August. 
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VARIED THRUSH 

Ai :i1ilik - Accidental migrant. One female was seen S km do·l'lnstream from camp 
along the river bank on 30 June. 

YELLOW WAGTAIL 

Katakturuk - Fairly common breeder. Wagtails were observed frequently from 7 

J' . .me through 17 August in Riparian habitat, along the Katakturuk blu .. fs, and 
occasio~ally in Tussock habitat. Two nests were located in 1~illow thickets on 
7-9 June: one in Riparian habitat, and the other at the base of the bluffs. 
Several other wagtail nests were suspected along the bluffs • 

. ]ago Bi tty - Fairly common breeder. Relatively small numbers of birds were 
observed regularly during June and July, and occasionally during August. Only 
6 birds were counted during censuses: 2 each in Hoist Sedge-Shrub, Tussock, 
and Riparian habitat types. Male wagtails performed courtship displays 
between 7 and 16 June; displaying birds were particularly noticeable in willow 
thickets bordering Olcpirourak Creek, 2 km north of car:1p. Although no nes:.s 
~ere found, it was suspected that at least l pair nested in the Tussock/Moist 
Sedge transition zone at the north end of Bitty, and that several pai~s nested 
in Moist Sedge-Shrub habitat along the north bank of the river between 2 and ~ 

km north of car:1p. Adults were observed performing distraction di'Splay.s :i_n 
these areas between 21 June and 8 July. 

Sadlerochit - Uncommon breeder. Single yel1oH wagtails and occasional pairs 
were observed every few days from 10 June to 14 August. A pair was first 
sighted, acting d9fensively, in Riparian habitat on 10 June. Males were heard 
singing in flight and while perched on lm., willcr~'s in Riparian habitat from 
13-21~ June; aerial display flights, possibly distractive, were observed from 
20 June to 9 July. An active nest was suspected because of repeated 
observations of vigorous distraction flights by a pair of wagtails L1 Rip8rian 
habitat near camp in eqrly July. Hatching was assumed to have occurred when 
arlul ts were noted carrying food ( in:=;ects) in their bills through this area 
between 10 and 14 July. N:J flerlglings were observed; arlul ts were sighted 
through July in Riparian willow habitat, and occasionally also in Moist 
Sedge-Shrub habitat d'lring Augu ">t,. 

Marsh Creek Fairly common summer resident; uncommon to fairly common 
breeder. Yellow wagtails were conspicuous residents of Riparian habitat; 
however, birds flushed from long distances and nests were difficult to 
locate. One nest containing 6 eggs was found under a prostrate Hillow in 
Riparian habitat on 18 June. The nest held 4 2-day-old chicks and l 
apparently infertile egg on 24 June. Birds were observed throughout the field 
season (ending 14 August). 

li!ATER PIPIT 

Katakturuk - Uncommon SU'Time;~ resident; probable breeder. Water pipits were 
i~frequently observed on 6 of 10 surveys. They were first sighted on lS June 
and last observed on 10 August, typically in either Riparian or Tussock 
habi tr1t, and on the bluffs. "-lo nests were located, although the bird was 
suspected of breeding in the ar~a. 
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Jago Bitty - Rare summer visitant; possible breeder. Several Hater pipits 
were observed in the Riparian zone extending from ~ to 10 km south of camp on 
12 and 13 July. 

YF.LLOH WARBLER 

Jago Bitty - Rare summeP visitant. One bird was hearct singing in a Hillow 
thicket by the mouth of Okpirourak Creek on 22 June, and a second bird was 
observect in willows approximately 6 km south of camp on 13 July. 

A~ERICAN TRF.E SPARROW 

Katakturuk - Uncommon breeder. Tree sparrows were observed in Riparian 1-1illow 
habitat from 7 June through 17 August. Singing males were seen in early 
June. One nest containing 4 eggs was located under a sedge tussock and willow 
on 28 June. On 5 July, the nest held l newly hatched chick, and on 19 July, 
the nest was empty. Juvenile tree sparrows were observed in Riparian habitat 
from late ,July through mid-August. 

Jago Bitty - Rare breeder. Small numbers of birds were observed periodically 
during June and July in the dense willow thickets near the mouth of Okpiroura~ 
Creek and in the study area near camp. A nest containing 4 eggs was located 
on 13 June in Riparian habitat; on 20 June, the nest was empty and abandoned. 
Only one sighting occurred after 15 July: a group of ~ birds was observed in 
Riparian willows on 14 Augu~t. 

Marsh Creek - Fairly common breeder. Sightings occurred daily in 11iparian 
inbitat through mid-July, beginning the first day of field study (3 cTUn8). 
Two nests were found at the bases of willow plants in Riparian habitat. On 26 
June, one nest contained 5 newly-hatched young and the other nest held L~ 

eggs. Tree sparrow observations were less frequent during late July and 
Augu~t. 

SAVANNAH SPARROW 

Okpilak - Rare spring visitant. Up to 5 individuals were observed singing in 
Riparian habitat along the Okpilak River on 14-16 June. 

Katakturuk Fairly common breeder. Savannah sparrows were observed 
frequently from 15 June through 17 August. Observe tions through early July 
were primarily made in Tussock habitat, where one nest containing ~ eggs was 
located on 21 June. On 6 July, the nest held 5 nestlings, and it Has empty 
when checked on 13 July. Savannah sparrows were observed more frequently in 
Riparian habitat as the fledglings and juvenilPs dispersed with adults towards 
the river. 

Jago Bitty - Fairly common breeder. Low to moderate numbers of birds were 
observed frequently through June and Julv, and occasionally in August. Fifty 
percent of all "Savannah sparrmvs counted during censuses 'tlere in ~iparian 

habitat; the remaining sightings were distributed rela ~i vely uniformly among 
\vet Sedge, Moist Sedge, Moist Sedge-Shrub, and Tussock habitat types. One 
nest containing 5 eggs was located in Moist Sedge on 2~ clune. Eggs began 
hatching on 1 July, and ~ young fledged between Q and 12 July. Assuming an 
incubation period of 12 days (Harrison 1978), eggs were laid on approximately 
18 June. 
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Aichilik - Fairly common breeder. Savannah sparrows occupied willow thickets 
near river and ridge tops. Two to 4 individuals were observed regularly in 
Riparian habitat. Sightings were also frequent in Moist Sedge-Shrub where a 
nest with 6 eggs was found on 24 June. Neo:;tlings found on 8 July rN"ere 
estimated to be 4 days old; i'1it iation of incubation was estimated to have 
occurred on 22 June (Harrison 1978). Vocalizing males were conspicuous during 
June but this behavior tapered off and ended in late July. 

Sadlerochit - ?airly common breeder. Savannah sparrows were observed from 2 
June to 15 August. Males were heard singing prj_marily in willow strangs of 
Wet Sedge habitat and Ripq~ian willow thickets from 2 June through the 
hatching period, 7 July; fewer were observed in Moist Sedge-Shrub and Tussock 
h::o.bitats. A pair was first seen on 13 ,June. Two nests were locateri in '"illmv 
strangs of Wet Sedge habitat, and l was found in closed Riparian shrub 
(willow) vegetation on a river bank. All nests held clutches of 5 eg~s. 01e 
nest discovered on 9 June contai.ned S nestlings on 23 .June. Two nests were 
located on 21 June: one held an incomplete clutch, and the other was beginning 
to hatch, suggesting a protracted breeding peroid. Active nests were 
suspected in Tussoc~ habitat because of recurring sightings of adults through 
.July. Adults and juveniles 'N"ere infrequently observed after hatching in Het 
Sedge and Riparian willow habitats from mid-July to mid-August. 

~1arsh Creek Fairly common breeder. Observations were most common in 
Riparian habitat, although birds were noted in all habitat types. Two nests, 
containing 4 and 5 young nestlings, were found in Riparian and Moist 
Sedge-Shrub habitat on 24 June. Riparian habitat was 11tilized exte1sively by 
adults and by juveniles after fledging. 

fall visitant. A single bird foraged along the banks of Niguanak - Rare 
Niguanak Lake on 
immediate Niguanak 
River (7 July) and 

27 August. Savannah sparrows were observed outside the 
area during visits to Riparian habitats along the Niguanak 
Okerokovik River (9 August). 

CLAY-COLORED SPARROW 

Ma~sh Creek - Accidental spring visitant. A solitary male wa.s first noted 
singing from Rip:=u~i8.n Hillmvs on 23 June. The bi,~:i remained in the area for 
several days and a positive identificqtion Has marie. This was the first 
clay-colored sparrow sighting in Northern Alaska. 

WHITE-CROWNED SPARROW 

Katakturuk Uncommon summer resident; probable breeder. Birds Here 
infrequently observed from 7 June through 17 August in Ripa~ian habitat. 
Relatively large numbers were seen on 7-8 June, many of them singing. These 
may have been prim~rily migrants, as numbers dirn~_nished the~eafter to a fe>-J 
observa tion.s of ter1~i torial males. No nests Here located, although several 
juvenile sparrows Here seen late in the season. 

Jago Bitty - Rare visitant. On 20 ,June, a r,.,rhite-crO\med sparrow was heard 
singing in Riparian habitat ? kn northeast of camp, and on 13 July, sever;'l.l 
birds were seen in willow thick8ts 3-8 km south of camp. 

Marsh Creek - Uncommon breeder. \Vhite-crowned sparrows were seen exclusively 
in Riparian habitat. Observations extended across the field season, but were 
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most common during June and early July. Three nests were found. Clutch size 
was 4-5 and hatching occurred between 2~ June and 2 July. Usually only 1 
adult was seen on or near the nest. 

Niguanak - Rare spring visitant. One bird was observed in a ravine on 1~ June. 

LAPLAND LONGSPUR 

Okpilak - Abundant breeder. Birds were abundant and observed daily from 2 
June to 14 August. The earliest nest 'rlas found on ':\ ,June and contained ~ 

eggs. Peak laying and incubation tool< place during ~-17 ,June and hatching 
occurred through 2U June. The first nestlings were seen on 17 June, earliest 
of all bird species. Renesting Has apparently common, and nestlings were 
observed U'ltil o July. The young left their nests in U-7 days. Average 
clutch size Has 5.0f1 (n:lfi) and ranged from 4-fi eggs. All clutches were at 
least partially successful. Seven nests were found in Moist Sedge-Shrub, 5 in 
Mosaic, 4 in Wet Sedge, and 1 in Flooded habitat. During early July, 
fledglings Here frequently seen in Mosaic and Moist Sedge-Shrub habitats. On 
21 July, over 100 birds flocked near camp. During August, longspurs dispersed 
across all habitat types. 

Katakturuk - Abundant breeder. The first active nest Has found on 8 June and 
the first young were observed on 15 June. Mean clutch size "ras 4. 7 (n:ln): 
six nests Here found in Tussock habitat, 2 in Moist Sedge, and 2 in Riparian. 
By mid-July juvenile young 1r1ere much more common than fledglings, particularly 
in Riparian habitat. Densities of longspurs Here much higher in Riparian than 
any other habitat. Longspurs were the predominant species ohserved by late 
July. 

Jago Bitty - Abundant breeder. Large numbers of longspurs were observed from 
2 June through 15 August. 'vlales performed courtship displays from 3-24 ,June 
(most vigorously from 3-15 June). 1''1-relve nests Here found in Riparian 
habitat, q in Moist Sedge, 7 each in Moist Sedge-Shrub and Tussocl<, and six in 
Het Sedge habitat. The first nest vras found on 7 .June and first young on 17 
June. Mean clutch size was 4.68 Cn:4l) and the peak of laying appeared to be 
':1-12 June. Juveniles were apparent in early July. Longspurs were most common 
in Riparian habitat throughout the summer. 

1\.ichilik - Abundant breeder. Longspurs Here abundant throughout the study 
period and were present in all habitat types. In early to mid-,Tune, highest 
density Has in Moist Sedge-Shrub, while Het Sedge was the least utilized 
habitat. In July, fledglings and attendant adults were more abundant in 
riparian willovJ stands than could be accounted for by local nest density, 
indicating a large-scale movement to Riparian areas following fledging. A 
total of 25 nests were found: 9 in Moist Sedge-Shrub, 6 in Moist Sedge, ~ in 
'tussock, 3 in Riparian, and 2 in Wet Sedge habitat. Clutch size ranged from 
3-7 with a mean of 4.7 (n=l5 nests). Nest records indicated that egg laying 
began in the first week of June and continued into the last week of June and 
perhaps the first week of July. Fledglings initially appeared in the first 
week of ,July and were common a week later. Male territorial displays Here 
largely over by the end of June, with only sporadic and abbreviated flip:ht 
songs heard in the first week of ,July. As displays declined in frequency, 
males were seen aggregating in small flocks in all habitats, but Here 
particularly conspicuous in Riparian habitat. By mid-July flocks of all age 
and sex groups were conspicuous and remained so throughout the remainder of 
the field study. 
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Sadlerochit - Abunda~t breeder. Lapland longspurs were observed daily from ~l 

May to lfi August. Pairs were seen on 31 May and courtship displays were 
observed through 23 June. The first nest was discovered on S June and 
hatching began on 18 June. Nests were found i~ al.l habitats: 10 in Tusso0k, 
and 7 each in Mosaic, Moist Sedge-Shrub, Wet Sedge and ~iparian. Mean clutch 
size was 4.71 (n=0l). 

Longspurs were common in all habit~ts, particularly Riparian. Tn June and in 
late July, juveniles were observed flocking along lagoon and pond edg~s. 

Parasitic jaegers preyed heavily upon juvenile longspurs, particularly durin~ 
the jaeger brood-rearing p2riod. During August, longspurs ll'lel~e less evident 
in upland areas but ~aintained high densities in Riparian habitat. 

Jago Delta - Abundant breedeY>. Lapl::tnd longspurs were observed from 1 cTU!P 
through ~0 August. Courtsh~p displays were seen from l June through ?ll July. 
First active nests were discovered on 7 June and last seen on 3 July. First 
chicks W'3re seen on l_7 cTune. Eight nests were fou'1d in ~1oist Sedge-Shruo, 5 
j_n t1osaic, 4 in lvet Sedge, and ? eac'1 in Flooded and Rip::;.rian habitats. ~1ean 

~lutch size was 5.04 (n=23). Longspurs were common in all habitats th"oughout 
the sum!l1ee but were :nost common in Mos<1.ic and t1oi.st Sedge--ShPuh. In Augu'3t, 
flocks of juveniles (up to lOO individuals) were seen on coastal mudflats and 
in Riparian habitat. 

l1arsh Cr·eek - Abundant breeder. Lapland longspu!~s Here present, displaying, 
and had nests with eggs upon arrival of the observers on 2 June and were seen 
j.'li l.y through mid-August. !"our nests were found in !.!Joist Sedge-Shrub and 3 
each in Hoist Sedge, Tussock, and Riparian habitats. Mean clutch size was 
lJ.7'l (n=Hi), and the first young were seen on 18 ,Tune; the last recorded 
~atching date was after 28 .June. Highest densities of longspurs tl'lere recorded 
in Riparian ~abitqt during the reproductive season. Similar numbers were 
recorded in Riparian and Moist Sedge-Shrub d'll~inr; the post-reprodw~tive seas0n. 

Niguanak - Abundant 1weeder. Longspurs wet~e seen daily l)etTI'leen l .Tune and ~0 

August. M8.les displayed from l cTune to approximately lR .Jw1e. Active nests 
1..rere first observed on 7 cTune and l::tst seen on 8 .Tuly. "'irst chicks were seen 
on 17 J:.~ne. Many chicks hatched within the folloHing week and cl-Jic 1<s began 
l<~'lvin.r; the nest Hit'1in 10 days. Mean clutch size was "1.21 (n=V) with a 
range of 3-7. Sixteen nests were found in ~oist Sedge Shrub, l.? in Tussock, 7 
in ~et Sedge a~d ~ in Flooded habitat. 

Most longsp:Lns '"'ere observed in Moist Sedge-Shrub in ,July and August. Adults 
and young congregated in large, loose flocks in Moist Sedge-Shrub during July, 
a~d numbers declined through all ~abitats in August. 

SMITH'S LONGSPUR 

0/.:pilak - Rare spring and fall mig1•ant. A sine;le bi,..,d was seen 
-.!.~:·. SP.cl,:se 11ahitat .qlong the APey Lagoon shoreline on 2 Ju'1e. 
juvenilA was observed in Wet Sedge on 13 August. 

SNOW BUNTINi1 

foraging in 
A probable 

Okpila'{ - Uncommon vis i. tant. In the Okpila'< area, snow bunting observations 
were confined t0 a line of d·nifbTOod along the coast. Si 1ging ~nctles wepe seen 
on 7-8 June and -=t ;n.i.r was noted on 10 .Ju:1e. The last observation was of a 
single juvenile on 4 AuguQt. 
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Jago Bitty - Rare visit~nt. Two birds were observed on a snow bank along the 
north side of the Jago River 4 km northeast of camp on 21 ~~~A. 

Sa.cURroc~li t - Uncor.:mon breeder. Snow buntin,~s were infrequently observed in 
small numbers from ::u May throug;h 14 August. At least 2 pairs 1-vere prese1Jt, 
observed from ~l May through ~0 June on Anderson Spit: sin~l~ qrlults were seen 
in coastc=tl \~et Sedge h8.bitc=tt and on the lagoon mudflats. ~To nests Here 
located, but breeding was evident near the coast as juveniles were seen 
foraging on a grounded barge and in 11oist Sedge habitat near the delta on o:; 

and 21 July. Through July and August, single males were observed occasionally 
feeding along the river bank and coast . 

. Jago Del t:t - Uncommon breeder and fall mi. grant. Single arJrl paired adults 
fo,..aging with 3-U immatures in family groups 1-vet~e observed wlJen the coast"1 
area Has first visited on 19, 20, and 22 July, and on 7 August. Flocks of 2-
4 juveniles Here sighted on 1\ occasions betHeen 2c:; and 29 August in coastr>.l 
debris (driftwood, oil drums) by t1artin Poi'lt, and in tlie camp area. On 30 
August, .2 flocks of 10 and 20 birds were observed flying east1-vard over the 
study area. 

RSD-WINGED BL~CKBIRD 

Jago Bitty - Rare visitant. Two males were observerl in a Hillow thic'<et qT

the mouth of Okpirourak Creek on 22 J~ne. 

REDPOLL sp;.>. 

Okpila1< - Uncommon spring visitant. The first sighting occurred on 3 Ju:'le, 
the last on l .July. During mid-Jun8, 1-5 birds were seen along the Okpilqk 
River, and during late June, ~-~ birds were seen in Flooded, Mosaic, and Moist 
Sedge-Sh;nub hahi.tat-s. 

Katakturuk Fairly common breeder. Redpolls were observed from 7 June 
through 17 August. One nest was found on B June and 2 were found on 16 JurJ8, 
all in Riparian 1-villows. The 2 active nests contained 4 eggs each. Adult 
birds were most co~monly seen in Riparian habitat, hut were occasionally seen 
in mussock and Moist Sedge habitats, anrl ~long Katakturuk hlu~fs. 

Jago Bitty C:ommon breeder. Low to moderate numbers of redpolls W8"'8 
observed from 2 June to 15 August. 'N!al8s Here observed to perform courtship 
di_..:;plays on Hi and 1g June. Ttvo nests were locaten in ~iparian habi.tat, and 
'':1'1i)1er was found in t1oist Sedge. Mean clutch size was ll.IJ ('1=~) an<i the t1-1o 
successful nests !latched on 24 .JU·'18 and 1::1 ,July. Assumi'1g an :Lncub::ttion 
period of 10-13 <iays (Harrison 1978), eggs were prob~bly lRirl between ll June 
and 2 .July. Birds were observed it1 all habitat types, most frequently in 
~ipa:"ian and least frequently in ~et Sedge. 

Aic~',i_lik - Common bl"eeder. Redpolls Hee8 res~,,~i·':!ted to Hj_llo'-J t''1ickets a'ld 
surrounding foraging a1~eas. The great majority of sightings and all nests 
were in Riparian habitat. Seven nests we1~e found in Hi lloH communi_ti.;s; 
clutches averaged 4-5 eggs. Using l-!arrisnrJ's (1978) incubation lengths and 
fledging periods, egg laying was estimated on 10-l? June for one nest, 4 July 
for another, and 6 July for a thj_ rd nest. The lR ter nests in .July 'tlere 
probably renesting attempts. 
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S8.dl:~~:JC11i::;- Fairly common breeder. >ledpolls ·,rere seen from 2 June to 24 
,July; the first of 2 nests we1s loc'3.ted on g J~J~.Y. The second nest Has located 
on 10 July and contained nestlings approximately ~ days old. 9oth nests were 
in Riparian h=tl:>itat and locat-ed off the gt"ound 0::1 Hillotv limbs. Young were 
ready to fledge by 16 July. Flocks of redpoll.s t-Tere seen in all habitats in 
~Jne. Most birds were seen in Riparian habit8.t during July and no birds were 
seen in r!\.ugust. 

Ja,q;o Delt3. - Rare vis:i.t3.nt. 
area on ~ ,J-x,_:;r. 

Two redpolls Here seen foraging in a Ripat"ian 

:·1arsh Creek - Common breeder. >led polls vTere primarily obsePved iD Rip8.ri;:m 
habitat. Nests Wc3•"8 constructed iD 'vi.llovTS rilring e'l.Y'ly cTU'1e. r.lutches 
averaged 4-S e11;gs and egg layj_,1g ')egan 8.round 6 June; the eggs of one nest 
wer'e observerl h::ttchinP:; at 10-12 hour inter·mls. T'Je l8.test incrJh:=ttion 'tli'ls 

noted on 9 July. 8edpoll stghtings declinAd after h3.tching, but observations 
continued through lU ~ug~st. 

Niguanak - Rare spring and fall visj_t':lnt. Two femal-~s •rere observed on 22 
June feeding on :=t sno'"bClnl{ Rl<)nrs a dr-=tina'Se 8.nd 2 others we,"c seen briefly in 
'tJet Sedge habit3.t on 28 June. 0'1e was seen feeding g_long the lake ba.nl< on 27 
ft'Ji:SUst, and 2 •. r;re seen in a r1.vine on lO August. Redpolls "'"ere ver'y eo:nmon 
i:1 Rip8.rian willoH areas .,out:1 of the aufeis fieli on t'1e Okerokovik River 
duri~g aarly August. 
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ANWR Progress Report ~o. FY 86-13 

Distribution, abundance, and productivity of tundra swans in the coastal 
wetlands of the Arctic National Wildlife Refuge, Alaska, 1985. 

Robert M. Platte, Alan W. Brackney. U.S. Fish and Wildlife Service, Arctic 
National Wildlife Refuge, Fairbanks, Alaska. 

Abstract: Two aerial surveys of tundra swans (Cygnus columbianus) on the 
Arctic National Wildlife Refuge were flown during 27-28 June and 19-20 
August 1985. Number of nests ( 66) in 1985 was down 15% from 1984 to the 
lowest level in 3 years and numbers of spring nonbreeders in 1985 increased 
by 25%. The Canning-Tamayariak concentration area accounted for 45% of the 
decrease in nesting effort. The 1985 estimated breeding population ( 127 
pairs) was O.own 15% and cygnet production ( 142) was down 14% from 1984. 
However, productivity based on the ratio of broods (~6) to nests was highest 
in 1985 at 85%. Average brood size for 1985 was 2.5 + 1.07 Sd cygnets/brood. 
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ANWR Progress Report No. FY 86-13 

Distribution, abundance, and productivity of tundra swans in the coastal 
wetlands of the Arctic National Wildlife Refuge, 1985. 

Proposed petroleum development on the coastal plain of the Arctic National 
\lfildlife Refuge (ANWR), as well as the proposed federal leasing of nearby 
offshore tracts and state leasing of nearshore areas will place industrial 
activity within or close to tundra swan nesting and molting habitats. 
Coupled with the actual exploration, there will be an increase in air 
traffic along the coast to support such operations. 

'1'undra swans are particularly sensitive to such disturbances. Barry and 
Spencer (1976) stated that molting and breeding swans avoided actual drill 
sites in the Mackenzie Delta by at least 8krn, although swans had previously 
11tilized these areas. Hanson et al. ( 1956) reported exploitation induced 
desertion of nesting areas in the Perry River region of Canada. Aircraft 
disturbance was the probable cause of the desertion of a swan nest at 
Nuvagapak Point on the ANWR (Andersson (1973). Schmidt (1970) discussed the 
desertion of a swan nest at Beaufort Lagoon (Arctic NWR) due to helicopter 
traffic. 

Since swans are sensitive to disturbance, highly visible, and have 
traditionally nested and mol ted on selected coastal wetlands of ANWR, they 
were selected for inclusion into the Baseline study program. Tundra swans 
are a given habitat (King 1973). 

'1'he first limited aerial survey of tundra swans on the Arctic National 
\,Vi ldlife Range (ANWR) occurred in 1977 on the Canning River delta. The 
survey area was expanded to include the Aichilik-Kongakut River delta area 
in 1978 and additional portions of the coastal plain in 1979. These early 
surveys delineated high use areas by tundra swans (Jacobson 1979). The 
surveys were standardized in 1981 and included 5 survey areas on the ANWR 
coastal plain (Bartels et al. 1983, Bartels and Doyle 1984). A spring 
nesting survey was initiated in 1983 and has been continued. The objectives 
of these surveys are: 1) to delineate the distribution of breeding and 
post-breeding populations; 2) to determine productivity; 3) to estimate 
abundance; and 4) to determine population trends or fluctuations and their 
possible causes. 

Materials and Methods 

Aerial surveys of the outer coastal plain of the ANWR were flown during 
27-28 June (Fig. 1) and 19-20 August 1985 (Fig. 2) with methods described by 
King (1973). Survey routes include concentration areas described by 
Jacobson (1979). Surveys were f1o'..m in a Cessna 185 aircraft with a pilot, 
an observer, and an observer-data recorder who plotted the survey route and 
the locations of adult swans, nests, and broods on U.S. Geological Survey 
topographic maps of 1:63,360 scale. Study areas were systematically 
searched from an altitude of 150 m at an airspeed of 160 km/h. It was 
assumed during the spring survey that a single swan at a nest represented a 
pair and that 2 swans observed together were a mated pair. All statistical 
procedures follow Sokal and Rohlf (1981). All means intervals reported in 
the text are displayed as the mean + l standard deviation. 
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Results and Discussion 

The mapped swan locations from 1981 to 1985 showed that the concentration 
areas originally noted by Jacobson (1979) included large areas not used by 
tundra swans. Therefore those concentration areas did not accurately 
represent actual s~van habitat. We reduced the size of the areas to make 
density estimates within high use areas more representative of swan habitat 
densities (Fig. 1). The original concentration areas (Fig. 3) are now more 
appropriately considered survey areas. Statistics for the original 
concentration areas (survey areas) for both June and August surveys are 
presented in the Appendix Tables l and 2. Two new concentration areas have 
been defined; the Jago River Delta area and the Pin~okra1uk Point area. 

Breeding Population and Nesting Distribution 

The numbers of nests and pairs recorded in the June 1985 survey were 151> and 
34% lower, respectively, than the 1984 survey (Table 1). Only 66 nests were 
located in 1985: the lowest number of nests found during the 3 years of 
nesting surveys and well below the 3 year average of 81.7 nests/vea~. 
A1 though the number of nests was lowest in 1Q85, the number of pairs ( 127) 
was intermediate. In contrast, numbers of non breeding adults increased by 
25% from 1984 to 1985. The total spring adult count was 403 swans, a net 
decrease of 14 birds (3%) from 1984, but larger than the 3 year average of 
363.7 adults. 

'l'he number of nests decreased from 1984 to 1985 in all concentrati_on areas 
except for the Jago Delta and "Other Areas" (Table l). The 
Canning-Tamaryariak delta area (Fig. 4) experienced a 45% decrease in the 
number of nests from 1984 to 1985. On the Aichilik-Egaksrak-Kongakut delta 
area (Fig. 5), numbers of nests were 29% and 23% lower th11n in 1984 and 
1983, respectively. Over the 3 years of nesting surveys, the 
Cannin,cs-Tamayariak River delta area and the Aichilj k-Egaksrak-Kongakut River 
delta area were the most important nesting sites on ANWR. These 2 areas 
contained the highest average numbers of nests, and adults (Table 2). The 
Hulahula-Okpilak River delta area (Fig. 6) was third and the Jago Delta 
(Fig. 7) was last in importance in mean number of nests and_ adults. Average 
nest density was highest in the Aichilik-Egakshrak-Kongakut delta area, and 
approximately equal in the Bulahula-Okpilak River delta area and the 
Canning-Tamayariak River d eJ ta area. A newly-defined concentr8tion area, 
Pingokralu1< Point (Fig. 8), ''i th the second_ highest nest densi tv of all 
areas, was slightly highe~ in nest density than the Hulahula-Ol<pilak and 
Canning-Tamayariak areas. Other areas such as the coastline bett>Jeen 
concentration areas and inland wetlands in the Niguanak and Jago River areas 
accounted for a small number of nests each vear. 

Post-Nesting Population 

During the August 1985 survey (Fig. '3), 4-85 anult swans were recorned (Table 
3); the highest number observed in the fall. This follows a low year in 
1984 with 280 adults observed in the fall and amounts to a 73% increase from 
1984 to 1985. There was also a spring to fall increase of 20% in total 
adults from 403 to 485 birds in 1985. The majority of this increase (70 
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Table l. Tundra swan population statistics by concentration area for the 1983-1985 June nesting surveys on the Arctic National Wildlife Refuge. 

Number 
Pairs Unpaired 

Concentration w/o Total Singles Total 
Date area Nests nests pairs & groups adults Swans/km2 Nests/km2 % Paired 

27-28 June 1985 Canning-Tamayariak delta 22 26 48 30 126 0.56 0.10 76.2 
26-27 June 1984 (227 km2)a 40 14 54 13 121 0.53 0.18 89.3 
2-3 June 1983 26 10 36 28 100 0.44 0.11 72.0 

;>7-28 June 1985 Hulahula-Okpilak delta 9 4 l3 l3 39 0.46 0.11 66.7 
26-27 June 1984 (85 km2 )a 14 2 16 8 40 0.47 0.16 80.0 
2-3 June 1983 12 3 15 8 38 0.45 0.14 79.0 

27-28 .June 1985 JA.go Delta 2 2 4 2 10 0.53 0.11 80.0 
26-27 June 1984 (19 km2)a 0 ? 2 0 4 0.21 0.11 100.0 
2-3 June 1983 3 0 3 l 7 0.37 0.00 85.7 

27-28 June 1985 Aichilik-Egakshrak- 20 ll 31 80 142 1.27 0.18 43.7 
\.oJ 26-27 June 1984 Kongakut delta 28 15 43 58 144 1.29 0.25 59.7 
\.oJ 

2-3 June 1983 (112 km2)a 26 7 33 4 70 0.63 0.23 94.3 N 

27-28 June 1985 Pingokra1uk Point 0 0 0 l 1 0.08 0.00 0.0 
26-27 June 1984 (13 km2)a 3 l 4 1 9 0.69 0.23 88.9 
2-3 June 1984 3 0 3 0 6 0.46 0.23 100.0 

27-28 June 1985 Demarcation Bay l 5 6 3 1'5 0.21 0.01 80.0 
26-27 June 1984 (70 km2)a 7 2 9 3 21 0.30 0.10 85.7 
2-3 June 1983 2 l 3 10 16 0.23 0.03 37.5 

27-28 June 1985 All concentration 54 48 102 129 467 0.89 0.10 43.7 
26-27 June 1984 areas 92 ,36 128 83 339 0.64 0.18 7'5.5 
?-3 June 1983 (526 km2)a 72 21 93 51 237 0.45 0.14 78.5 

27-28 June 1985 Other areas surveyed 12 13 25 20 70 0.07 0.01 71.4 
26-27 June 1984 (1077 km2)a 8 l3 21 36 78 0.07 0.01 53.9 
2-3 June 1983 7 6 13 8 34 0.03 0.01 76.5 

27-28 June 1985 All areas surveyed 66 61 127 149 403 0.25 0.04 63.0 
?6-27 June 1984 (1603 km2)a 100 49 149 119 417 0.26 0.06 72.0 
2-3 June 1983 79 27 106 59 271 0.17 0.05 78.0 

a Area within each concentration area. 
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Table 2. A comparison by concentration area of the mean ( +SD) tundra swan 
population statistics on the Arctic National Wildlife Refuge, June 
1983-1985. 

No. 
Concentration Area (km2) Nests Nests/km2 Adults Adults/km2 

~----------~----------------~-------------~~--~----------~~~~ 

Canning-Tamayariak 
Delta (227) 

Hulahula-Okpilak 
Delta (85) 

Jago Delta (19) 

Aichilik-Egakshrak 
Kongakut delta (112) 

Pingokraluk Point (13) 

Demarcation Bay (70) 

All concentration areas (526) 

Other areas surveyed (1077) 

All areas surveyed (1063) 

29.3 + 9.4 

ll. 7 + 2. 5 

1.7+ 1.5 

24.7 + 4.2 

2.0 + 1.7 

3.3 + 3.2 

72.7 + 19.0 

9.0 + 2.7 

81.7 + 17.2 

0.13 + 0.04 115.7 + 13.8 0.51 + 0.06 

0.14 + 0.03 39.0 + 1.0 0.46 + 0.01 

0.07 + 0.06 7.0 + 3.0 0.37 + 0.16 

0.22 + 0.04 118.8 + 42.2 1.06 + 0.38 

0.15 + 0.13 5.3 + 4.0 0.41 + 0.31 

0.05 + 0.05 17.3 + 3.2 0.25 + 0.05 

0.14 + 0.04 347.7 + 115.2 0.66 + 0.05 

0.01 + 0.00 60.7 + 23.4 0.06 + 0.02 

0.05 + 0.01 363.7 + 80.6 0.22 + 0.05 
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Table 3. Tundra swan population statistics by concentration area for the 1982-1985 August production surveys on the Arctic National 

lolildlife Refuge. 

Concentration Number %Pairs No. 
Date Area Total Adults Cygnets Pairs Unpaired Swans/km2 % Paired w/young Broods 

19-20 Aug 1985 Canning-Tamayariak delta 182 142 40 40 62 0.80 56.3 40.0 16 
23,27-29 Aug 1984 142 96 46 36 34 0.63 75.0 47.2 17 
21 Aug 1983 190 126 64 48 30 0.84 76.2 54.2 26 
12 Aug 1982 75 63 12 21 21 0.33 66.7 28.6 6 

19-20 Aug 1985 Hulahula-Okpilak delta 110 75 35 22 31 1.29 58.7 54.5 12 
23,27-29 Aug 1984 73 43 30 16 11 0.86 74.4 62.5 10 
21 Aug 1983 93 60 33 19 22 1.09 63.3 52.6 10 
12 Aug 1982 48 40 8 10 20 0.57 50.0 30.0 3 

19-20 Aug 1985 Jago delta 16 12 4 6 0 0.84 100.0 33.3 2 
23,27-29 Aug 1984 0 0 0 0 0 0.00 0.0 0.0 0 
21 Aug 1983 12 9 3 2 5 0.63 44.4 50.0 1 
12 Aug 1982 0 0 0 0 0 0.00 0.0 0.0 0 

w 19-20 Aug 1985 Aichilik-Egakshrak- 220 178 42 33 112 1.96 37.1 48.5 16 
w 
'J:l 23,27-29 Aug 1984 Kongakut delta 137 83 54 30 23 1.22 72.3 73.3 22 

21 Aug 1983 171 126 45 36 54 1.53 57.1 18.5 15 
12 Aug 1982 162 152 10 27 98 1.45 35.5 18.5 5 

19-20 Aug 1985 Pingokraluk Point 9 7 2 2 3 0.69 57.1 50.0 1 
23,27-29 Aug 1984 14 6 8 3 0 1.08 100.0 66.7 2 
21 Aug 1984 11 7 4 3 1 0.85 85.7 66.7 2 
12 Aug 1982 15 10 5 3 4 1.15 60.0 66.7 2 

19-20 Aug 1985 Demarcation Bay 15 15 0 7 1 0.21 93.3 0.0 0 
23,27-29 Aug 1984 28 l7 11 4 9 0.40 47.1 110.0 4 
21 Aug 1983 19 13 6 6 l 0.27 92.3 33.3 2 
12 Aug 1982 9 4 5 2 0 0.13 100.0 100.0 2 

19-20 Aug 1985 All concentration 552 429 123 110 209 1.05 51.3 42.7 47 
23,27-29 Aug 1984 areas 394 245 149 89 67 0.75 72.7 61.8 55 
21 Aug 1983 496 341 155 114 113 0.94 66.9 49.1 56 
12 Aug 1982 309 269 40 63 143 0.59 46.8 28.6 18 

19-20 Aug 1985 Other areas surveyed 75 56 19 23 10 0.07 82.1 39.1 9 
23,27-29 Aug 1984 51 35 16 l7 1 0.05 97.1 47.1 8 
21 Aug 1983 58 44 14 16 12 0.05 72.7 37.5 6 
12 Aug 1982 25 ~3 2 7 9 0.02 60.9 14.3 1 

19-20 Aug 1985 All areas surveyed 627 485 142 133 219 0.39 54.R 42.1 56 
23,27-29 Aug 1984 445 280 165 106 68 0.28 75.7 59.4 63 
21 Aug 1983 554 385 169 130 125 0.35 67.5 47.7 62 
12 Aug 1982 334 292 42 70 152 0.21 47.9 27.1 19 



adults) can probably be attributed to an influx of nonbreeders or 
unsuccessful breeders in singles and flocks entering the area prior to the 
fall survey. An additional 6 pairs were also observed. A similar situation 
occurred in 1983 when total numbers of adults increased by 42% from 271 in 
the spring to 385 in the fall. The seasonal increase in 1983 consisted of 
24 pairs and 66 birds in singles or flocks. In 1984, a 33% decline in total 
adults occurred between the spring and fall surveys (Table 3). ThiR 
resulted from a reduction of 86 paired (43 pairs) and 51 unpaired birds. In 
the fall of 1984, 68 adults in singles and flocks were observed compared to 
219 in 1985, a 222% increase. The fall population of adult swans over the 
survey area for all 4 years (361 + 95, Table 4) was approximately equal to 
the average spring population (364 ~ 81, Table 2). 

The Aichilik-Egaksrak-Kongakut concentration area contained the largest 
number of adults (178, 37% of total) in fall 1985. The Canning-Tamayariak 
concentration area contained 142 adults (29% of total) followed by the 
Hulahula-Okpilak area with 75 adults (16%). These areas accounted for 82% 
of the swans located during the fall survey. 

Productivity 

Production of cygnets totaled 142 in 1985, a decrease of 14% (23) from 1984 
(Table 3). This was the second yearly decrease since the peak number of 
cygnets observed in 1983. The decline from 1983 to 1984 was only 4 
cygnets. In the 1982 fall survey only 42 cygnets from 19 broods were 
~ounted, probably due to a June snowfall of 13.7 em during the normal period 
of egg laying and incubation (Bartels et al. 1983). Delayed nesting may 
result in smaller clutch sizes (Bellrose 1976). 

Number of broods (56) in 1985 was down 11% from 1984. The overall 4 year 
average production was 50 + 21 broods averaging 2. 53 + 0. 22 cygnets/brood 
for a mean of 129.5 + 59.5-cygnets/year (Table 4). Average brood size was 
largest (2.97 ~ 0.26 cygnets/brood) on the Hulahula-Okpilak delta. 

Nest success appeared to be highest in 1985 based upon the ratio of broods 
to nests. The rate of success was 63% in 1984, and 85% in 1985 (Table 5). 
Success rate can also be based on the ratio of broods to total spring pairs 
(Bartels and Doyle 1984), as a minimum possible success rate. Using the two 
estimates, we calculated the range of nesting success as 44% to 85% in 1985, 
42% to 63% for 1984, and 59% to 79% for 1983. The apparent increase in 
nesting success from 1984 to 1985 may have been due to a late ice melt on 
lakes and high water levels on the deltas which may have discouraged 
younger, less successful pairs from nesting. 

On the Hulahula-Okpilak area and the Pingokraluk Point area in 1985 more 
broods were observed in the fall than nests in the spring. This phenomena 
could be the result of failure to detect some of the nests during the spring 
survey or immigration of family groups into 1 of the concentration areas 
before the fall survey. 

The density of broods varied considerably between years within concentration 
areas, but was relatively stable over the coastal plain (0.04 broods/km2) 
from year to year (Table 5). Brood densities in all concentration areas 

340 



~able 4. A comparison by concentration area of mean Tundra swan population statistics on the Arctic 
National vlildlife Refuge, August surveys 1982-1985. 

Canning-Tamayariak 
delta (227) 

:Iulahula-Okpilak 
delta (85) 

Jago delta (19) 

Aichilik-Egakshrak 
Kongakut delta (112) 

Pingokraluk Point (13) 

Demarcation Bay (70) 

All concentration areas (526) 

Other areas surveyed (1077) 

All areas surveyed (1063) 

no. 
Broods 

16.3 + 8.2 

8.8 + 4.0 

0.8 + l.O 

14.5 + 7.1 

1.8 + 0.5 

2.0 + 1.6 

44.0 + l7 .8 

6.0 + 3.6 

50.0+17.2 

no. No. 
Broods/km2 Cygnets Adults/km2 

------~~----------------------------~~ 
Adults 

0.07 + 0.04 40.5 + 21.6 106.8 ~ 34.9 0.47 + 0.15 

0.10 + 0.05 26.5 + 12.5 54.5 + 16.3 0.64 + 0.19 

0.04 + 0.05 1.8 + 1.·3 5.3 + 6.2 0.28 + 0.33 

0.13 + 0.06 37.8 + 19.2 134.8 + 40.5 1.20 + 0.36 

0.13 + 0.14 4.8 + 2.5 7.5 + 1.7 0.58 + 0.13 

0.03 + 0.02 5.5 + 4.5 12.3 + 5.7 0.18 + 0.08 

0.08 + 0.03 116.8 + 53.0 321.2 + 82.8 0.61 + 0.15 

0.01 + 0.00 12.8 + 7.5 39.5 + 14.0 0.04 + 0.01 

0.03 + 0.01 129.5 + 59.5 360.5 + 95.4 0.22 + 0.06 



Table 5. Tundra Swan reproductive success ratios from the 1982-1985 surveys 
on the coastal plain of the Arctic National Wildlife Refuge. 

Year 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

1985 
1984 
1983 
1982 

Concentration 
Area 

Canning-Tamayariak 
Delta 

Hulahula-Okpilak 
Delta 

Jaeo Delta 

Aichilik-Egakshrak
Kongakut Delta 

Pingokraluk Point 

Demarcation Bay 

All Concentration 
Areas 

Broods/nest 

0.73 
0.43 
1.00 

1.33 
0.71 
0.83 

1.00 
0.00 
0.33 

0.80 
0.79 
0.58 

0.00 
0.67 
0.67 

0.00 
0.57 
1.00 

0.87 
0.60 
0.78 

Other Areas Surveyed 0.75 
1.00 
0.86 

All Areas Surveyed 0.85 
0.63 
0.70 
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Broods/pair 

0.33 
0.32 
0.72 

0.92 
0.63 
0.67 

0.50 
0.00 
0.33 

0.52 
0. 51 
0.46 

0.50 
0.66 

0.00 
0.44 
0.66 

0.46 
0.43 
0.60 

0.36 
0.38 
0.46 

0.44 
0.42 
0.59 

Broods/km? 

0.07 
0.08 
0.1?. 
0.03 

0.14 
o. 12 
0.12 
0.04 

0.11 
0.00 
0.05 
0.00 

0.14 
0.20 
0.13 
0.05 

0.08 
0.15 
0.15 
0.15 

0.00 
0.06 
0.03 
0.03 

0.09 
0.09 
0.11 
0.30 

o.o: 
0.01 
0.01 

0.04 
0.04 
0.04 
0.04 



combined were highest in 1983 ( 0.11 broods/km2) and identicr:tl in 1984 and 
1985 (0.09 broods/km2). The Aichilik-Egaksrak-Kongakut delta consistently 
supported higher brood densities (0.05-0.20 broods/km2) during each survey 
year except 1985 when the Hulahula-Okpilak delta and 
Aichilik-Egaksrak-Kongakut deltas had similar densities (0.14 broods/km2). 

Other North Slope Areas 

Sufficient survey data has been accumulated on ANWR and other north slope 
locations to allow a comparison of the refuge population with densities in 
other eastern population breeding areas (Table 6). The ANWR swan 
concentration areas support swan densities and nest densities that are as 
high as those reported elsewhere on the north slope. Overall, adult 
densities do not reach the high level of those in the Keewatin area of the 
Northwest Territories, Canada located in the center of the nesting range of 
the population. However, mean annual swan and nest densities on the 
Aichilik-Egaksrak-Kongakut delta exceeded the average densities on the 
Colville delta and other Alaskan north slope areas. 
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T3ble 6. Densities of nests and Adult Tundra Swans on Arctic National VTildlife Refuge and elsewhere. 

Location 

ANWR concentration areasa 

Aichilik-Egaksrak 
Kongakut Deltasa 

Colville Del tab 

Sagavanirktok River 
Del tab 

Fish Creekb 

Umiatb 

East Long lakeb 

Storkenson Pointb 

Keewatin NWT 

Year 

1981-1985 

1981-1985 

1982-1983 

1977 

1977 

1977 

1977-1978 

1977-1978 

1975-1976 

a Arctic National Wildlife Refuge 
b Other north slope locations 
c 1983 Swan density 

Swan density 
(Adul ts/km2') 

Nest Density 
(Nest/km2) 

0.45-0.64 0.10-0.17 

0.63-1.29 0.18-0.25 

O.ll-0.22 0.51c 

0.17 

0.42 

0.16 

0.2 

0.1 -0.3 

0.85 

Author 

This report, Bartels et al. 1983, 
Bartels and Doyle 1984. 

This report, Bartels et al. 1983, 
Bartels and Doyle l98d. 

Hawkins (1983) 

Welling and Sladen (1978) 

Welling and Sladen (1978) 

Welling and Sladen (1978) 

Derksen et al. (1981) 

Derksen et al. (1981) 

McLaren and McLaren (1984) 
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Appenclix Table 1. Tundr" swan population statistics by survey area for the 19133, 19134, and 198'5 June nesting surveys for the Arctic National 
vii 1rl1 ife Refuge. 

Number 
Pairs Unpairen 

Yel'lr Concentration II w/o Total singles Total 
Rrea Nests nests pairs & groups adults Nests/km2 Pairs/km2 

-

1985 Cannin~-Tamayariak delta 2? 25 47 29 123 0.04 0.10 
1984 (490) 8 41 14 55 24 134 0.08 O.ll 
19133 2':i ll 36 26 98 0.05 0.07 

1985 Hull'lhu1a delt:l 8 8 16 6 38 0.05 0.10 
1984 (168) 11 14 8 22 32 75 0.08 0.13 
19"33 11 3 14 8 36 0.07 0.08 

198') .ll'lt;o delta & 6 4 10 9 29 0.02 0.03 
198.'. wetlands (357) 11 4 6 10 3 ?3 0.01 0.03 

w 1983 ') l 6 l 13 0.01 0.02 .,_ 
..._. 

198') Aichilik-Egakshrak- 19 n 32 go 154 0.07 0.12 
1984 Kongakut cle1tl'l 30 17 47 57 151 0.12 0.18 
1983 (?59)" ?9 6 '15 4 74 0.11 0.14 

198') Demarcation Bay l 5 6 3 15 0.01 0.04 
lC)8~ (158)a 7 ? 9 3 21 0.04 0.06 
1 'lAO ? 3 lO 16 0.01 0.02 

1985 Other arel'!s lO 6 16 12 44 0.06 O.OC) 
1984 ( 171) 11 4 2 6 1 13 0.02 0.04 
1983 6 5 ll 5 27 0.04 0.0>0 

1985 All areas (1603)'" 66 61 127 149 403 0.04 0.08 
1984 100 49 149 120 402 0.06 0.09 
1983 78 27 105 54 264 0.05 0.07 

a Area km' within .ea<:h study ar.ea. 



Appendix Table 2. Tundra swan populRtion statistics by survey areA for the Arctic National Wi lcllife Refuge coastal ,qreas, AlRska, 
during August production surveys, 1981-1985. 

Survey Number Swans % Number Cygnets/ S'•ans/ 
Area 'l'otal Adults CyF,nets Pairs Singles Flocks in flocks Paired Prs w7Yng Yng broods adults 

') 

km'-

Canning/Tamayariak 
deltR: (490)R 
4 Aug 1981 186 140 46 30 3 10 77 43 57 25 l7 l :3.0 O.Yl 
12 Aug 1982 75 63 12 21 3 4 18 67 29 16 6 1:'5.3 0.15 
21 Aug 1983 188 1;'5 63 48 7 4 ?2 77 52 34 25 1:2.0 0. 3El 
23 Aug 1984 149 102 47 39 3 4 21 76 46 32 18 1:2.2 0. 30 
19-20 Aug 1985 176 136 40 37 8 11 54 54 43 23 16 1:3.4 0.36 

Hulahula/Okpilak 
delta: (l68)a 
4 Aug 1981 80 67 13 9 0 8 49 27 44 16 4 1:5.2 0.48 

12 Aug 1982 39 35 4 10 l 3 14 57 20 10 2 1:8.8 0.23 
21 Aug 1983 94 62 32 20 5 3 17 65 45 34 9 1:2.1 0.56 
27 Aug 1984 70 38 32 14 10 0 0 74 79 46 11 1:1.2 0.42 
19-20 Aug 1985 102 74 28 22 8 4 22 59 45 27 10 l :2.6 0.61 

Aichilik/Egkshrak/ 
Kongakut delta (259)a 

4 Aug 1981 171 139 32 17 2 11 101 24 76 19 14 1:4.3 0.66 
12 Aug 1982 171 157 14 29 2 7 97 37 21 8 6 l: 11.2 0.66 
21 Aug 1983 164 112 52 36 6 7 34 64 50 32 18 1:2.2 0.63 
29 Aug 1984 130 70 60 32 6 0 0 91 72 46 23 l: 1.2 0.50 
19-20 Aug 1985 213 175 38 33 8 15 101 38 42 18 14 1:4.6 0.82 

... Jago delta and 
~ 
00 Wetlands (357)a 

4 Aug 1981 12 8 4 2 l l 3 50 50 33 l 1:2.0 0.03 
12 Aug 1982 4 4 0 2 0 0 0 100 0 0 0 0.01 
21 Aug 1983 37 29 8 10 l 2 8 69 30 22 3 1:3.6 0.10 
27 Aug 1984 46 38 8 10 l 4 17 53 40 17 4 1:4.8 0.13 
19-20 Aug 1985 52 34 18 15 0 l 4 88 53 35 8 1:1.9 0.15 

Demarcation Bay 
(l58)a 
4 Aug 1981 24 18 6 6 0 l 6 67 33 25 2 1:3.0 0.15 

12 Aug 1982 16 9 7 l 3 l 4 22 100 44 3 l: l. 3 0.10 
21 Aug 1983 20 14 6 6 2 0 0 86 33 30 2 1:2.3 0.13 
29 Aug 1984 28 l7 11 4 l 2 8 47 100 39 4 l: l. 5 0.18 
19-20 Aug 1985 15 15 0 7 l 0 0 93 0 0 0 0.09 

Other areas: 
(l7l)a 
4 Aug 1981 15 13 2 3 2 l 5 46 33 13 2 1:6.5 0.09 
12 Aug 1982 25 20 5 3 l 3 15 20 100 20 2 1:5.0 0.15 
21 Aug 1983 49 35 14 12 5 2 6 69 50 29 6 1:2.5 0.29 
27 Aug 1984 20 15 5 7 l 0 0 93 29 25 2 1:3.0 0.12 
19-20 Aug 1985 69 51 18 19 4 2 9 75 42 26 8 1:2.8 0.40 

Total coastal 
area sampled: (l603)a 

1981 488 385 103 67 8 32 241 35 57 21 40 l :3.7 0.30 
1982 330 288 42 65 10 18 148 45 20 13 19 1:6.9 0.21 
1983 552 377 176 132 26 18 87 70 48 32 64 1:2.2 0.34 

~ 
1984 443 280 165 106 22 10 46 76 58 37 62 1: l. 7 0.28 
1.965 62.'1 405 ~42. ~33 29 33 ~90 55 42 23 56 ~:3.4 0.39 --
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ANWR Progress Report No. 86-10 

Distribution, abundance, and productivity of fall staging lesser snow geese in 
coastal habitats of northeast Alaska and northwest Canada, 1985. 

Russell M. Oates, Marta McWhorter, Gary Muehlenhart, and Craig Bitler. U.S. 
Fish and Wildlife Service, Arctic National Wildlife Refuge, Fairbanks, Alaska. 

Abstract: One reconnaissance flight and 2 survey route flights were conducted 
on 25 and 31 August and 11 September 1985, respectively, to provide visual 
estimates of staging lesser snow geese populations on the coastal plain of the 
Arctic National Wildlife Refuge. Black and white photographs were taken of 
flocks on the 31 August and 11 September flights and on an additional 12 
September flight to provide age ratio information and error estimates for visual 
estimates of flock sizes. Photos of 37 flocks were counted by 3 observers to 
provide estimates of variation among observers. Two counts of 15 flocks were 
conducted by each observer to provide estimates of within observer variance. 
Within and among observer variances were of similar magnitude. The corrected 
peak staging population estimate for 11 September was 312,572 geese. The main 
influx of geese onto ANWR occurred between 20 August and 11 September. Major 
departure occurred between 14 and 17 September. Greater concentrations of geese 
were observed in the foothills in 1985 than in previous years. Photography was 
of insufficient quality for determination of population age-ratios. 
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ANWR Progress Report No. 86-10 

Distribution, abundance, and productivity of fall staging lesser snow geese in 
coastal habitats of northeast Alaska and northwest Canada, 1985. 

The fall staging of lesser snow geese using the coastal plain of the Arctic 
National Wildlife Refuge (ANWR) and adjacent Yukon and Northwest Territories 
was monitored for the fourteenth year since surveys were initiated in 1971 by 
L.G.L., Inc. (Schweinsburg 1974). The surveys represented the eighth year of 
survey by U.S. Fish and Wildlife Service (USFWS) personnel and the seventh year 
of photographic age ratio sampling using methods standardized in preceding years 
(Spindler 1980, 1983a). Objectives of the study were to: (1) determine the 
chronology of migration and staging; (2) estimate the distribution and numbers 
of snow geese present during the peak of staging; (3) estimate the percent young 
present during staging; (4) identify areas used consistently by staging snow 
geese and (5) obtain estimates of variation for counts of photographs by multiple 
observers and for multiple counts by individual observers. 

Methods and Materials 

A predetermined 9.7 km-spaced grid of 2.4 km wide north-south aerial transects 
(Koski 1977b, Spindler 1983a) from Bathurst, Northwest ·Territories to Marsh 
Creek, Alaska was flown using fixed-wing aircraft flying approximately 150 to 
500 m above ground level at an airspeed of 200 kph. Flocks of snow geese 
encountered were assigned sequential numbers and recorded on 1:250,000 U.S.G.S. 
topographic maps, and estimated flock size and direction of movement were 
recorded. USFWS Personnel of the Arctic NWR conducted the Marsh Creek to 
Clarence River portion of the survey and CWS personnel simultaneously (whenever 
possible) flew the segment from Clarence River to Bathurst Peninsula to avoid 
double counting of flocks. Established minimum weather and survey standards 
(Spindler 1980, 1983a) were observed. Direction of movement information 
minimized double counting of flocks flying 
towards succeeding transects. A crew of 3 persons (a pilot and 2 
observer/photographer/recorders) was used to simultaneously obtain photos and 
records. All persons helped find flocks. The observer sitting in the right 
front seat photographed the total flock at a distance for a flock size estimate. 
At this time the observer/photographers made an estimate of flock size. The 
pilot then circled closer and age-ratio photographs were taken. To avoid 
excessive disturbances to the geese, care was taken to minimize circling. 

A Mamyia RB-67 60x70 mm large format SLR camera and an Olympus OM-1 35mm SLR 
camera were used on 31 August and 11 and 12 September for the photography. A 
250 mm telephoto lens was used with the large format camera and a 75 to 150 mm 
zoom lens plus an auto-winder were used with the 35 mm camera. ASA 400 TRI-X 
Pan film was used in both cameras. Pilot and observer/photographer/recorders 
used headsets interconnected through an aircraft intercom to facilitate 
coordination of photography, airplane movements, and record keeping. In addition 
to the systematic procedures used for the 31 August and 11 and 12 September 
surveys, a reconnaissance flight was made over the ANWR coastal plain on 25 
August and observations made while radio-tracking mammals were also recorded to 
provide more complete information on the arrival and staging of snow geese. 
Composition counts of family groups were conducted from ground locations to 
estimate productivity of successful breeding pairs (Lynch and Singleton 1964, 
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Prevett and Macinnes 1980). 

Photographs were enlarged so that each snow goose flock occupied a 20 x 25 ern 
sheet of photographic paper. Geese were counted independently by 3 counters to 
obtain estimates of counter variability. In addition, a random sample of 15 
photos drawn from 3 different flock size groups was selected to be recounted by 
the observers without their knowledge to provide estimates of observer precision. 
For multiple counts of 15 flocks, variance was partitioned into within and among 
observer components using the variance components technique (Snedecor and Cochran 
1967, p. 280). Flocks were then grouped by flock sizes with similar variances. 
Bounds on the error of estimation (Scheafer et al. 1979) were computed for each 
of these groups using estimated variances within and among observers to estimate 
numbers of counts and observers required to provide estimates of flock size 
within 10% of the mean. The following formula was used: 

E 

~2 
c 

where E bound on the error of estimation 
Z ~12 Z score at ~/2 = 0.05 

6! among observer variance 
~! within observer variance 
n = # of observers 

0 
n = # of counts 

c 

The photos of the remaining 22 flocks (for which each observer made 1 count) 
plus the means within observers of the 15 multiple count flocks were grouped on 
the basis of the multiple count photo groups and variances among observers were 
calculated (variance within observers could not be partitioned out). Bounds on 
the error of estimation were also computed for these groups. Mean results of 
photo counts were regressed with survey estimates to determine estimation error 
and a prediction equation. Estimated variances for predicted flock sizes were 
derived from a curve plotted on the five midpoints of flock size groups for which 
among-observer variances were computed. The estimated variances were used to 
calculate total variance for all flocks and subsequently, an estimated confidence 
interval for the total population estimate. This confidence interval does not 
account for variation in estimates of flock size among observers during the 
aerial survey (probably the greatest source of observer variation). Therefore, 
resulting confidence intervals are probably significantly under-estimated. 
Calculation of the mean age ratio was not possible due to an insufficient number 
of usable quality photographs. 

Results and Discussion 

Observer Precision and Estimation Error 

Analyses of data from the 15 multiple count flock photos revealed that both within 
observer and among observer variances increased with flock size (within observer 
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r=0.9376 P<O.Ol, among observers r= 0.9350 P<O.Ol). Three flock size groups were 
established based on similarities among flock counts of observer variances (Fig. 
1). Surprisingly, within observer variances were similar in size to among observer 
variances within each group and differences were approximately one order of 
magnitude ,.(Table 1). As 6~ ~ 2~ , these variances were averaged. The similarity 
of 6!and 6~facilitates the computation of bounds on the error of estimation for 
the complete data set of 37 flocks (only 6~ is available for 22 flocks) through 
a simplification of the equation: 

EZ Z-y.i+g: 
:z. n 

0 

The data from the counts of the 37 flocks were grouped according to the groups 
defined in the examination of within and among observer variances. Two new groups 
were added to include flocks in which the numbers of individuals fell between the 
small and medium flock size groups and between the medium and large flock size 
groups. 

Table 1. Mean estimated within and among observer variances for counts by 3 
observers of photographs of 15 flocks of snow geese in 3 flock size 
groups. 

Flock Size Group n Within Observer az. Among Observer 6 1 

49.50-213.17 
591. 33-1143.00 
1498.00-4364.83 

7 
6 
2 

2.78 
546.56 

4806.92 

5.20 
226.25 

8064.96 

Hypothetically, 6~ for single counts should be larger than for multiple counts 
by approximately a factor of two since 5~ can not be partitioned out in the former 
analyses. While the 6; were similar for single and multiple counts for the small 
and large flock size groups, they were quite different for the medium flock size 
group (Table 2). 

Table 2. 

Flock Size 

49.50-213.17 
311.33-476.00 
591.33-1143.00 

1223.00-1350.33 
1498.00-4364.83 

Comparisons of variance estimated among observers for counts by 
3 observers of photographs of 37 flocks of snow geese in 5 flock 
size groups and 15 flocks in which within observer variance has 
been partitioned out. 

6 ... 
0 

2'2. 
0 

Single Counts (n) Multiple Counts (n) Ratio Single: Multiple 

5.07 (9) 5.20 (7) 0.98 
298.86 (7) n/a n/a 
487.18 (9) 266.25 (6) 1. 83 
6598.17 (2) n/a n/a 
6576.92 (10) 8064.96 (2) 0.82 
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The numbers of observers and/or counts per observer necessary for a bound within 
10% of the mean generally increased with increasing flock size groups (Table 3). 
This increase was the result of increases of within and among observer variances 
which occurred with increasing flock size. The necessity for large numbers of 
observers could be offset somewhat by increasing the numbers of counts per 
observer. 

Table 3. Bounds on the error of estimation for counts of photos of 37 flocks of 
snow geese in 5 flock size groupsa. 

Flock size and Number of Observers 
Number of countsb 1 2 3 

49.50 

311.33 

591.33 -

1,223.00 -

1,498.00 -

a 

b 

213.17 
1 5.54 3.92 
2 5.03 3.56 
3 4.85 

476.00 
1 47.92 33.88 27.67 
2 41.51 29.34 
3 39.13 
100 34.05 

1,143.00 
1 55.88 
2 
3 

1,350.33 
1 183.84 129.99 106.14 
2 159.23 112.58 
3 150.11 
100 130.64 

4,352.83 
1 222.37 157.26 123.39 
2 200.57 141.80 
3 192.72 
100 176.54 

Computed bounds within 10% of the mean indicated by underlining 
Bounds for multiple counts computed for illustrative purposes using 
original formula (see text) and substituting %! for %~ . 
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Photo counts were significantly greater than survey estimates of flock size 
(t=4.97, n=37, P<O.OOl). Photo counts and survey estimates were also linearly 
related (Fig. 2). The resulting regression equation was used as a correction 
factor or calibration formula (Snedecor and Cochran 1967) and corrected estimates 
of all flocks observed were computed. 

Chronology, Distribution, and Numbers 

First sightings of snow geese on ANWR were flocks of 15 adults near Jago Delta 
tundra bird camp and 9 birds of unspecified age at Niguanak bird camp on 14 August. 
Barry (pers. comm.) reported that snow geese began departing Banks Island on 25 
August. He also reported 2, 990 birds on the MacKenzie Delta (Tuktoyaktuk to 
Shingle Point) and 1,150 from Shingle Point to Babbage River on 25 August. The 
25 August reconnaissance flight on ANWR revealed 45 flocks totalling 5,720 birds 
(uncorrected estimate) scattered across the coastal plain from Clarence River to 
Okpilak River (Fig 3). The early birds were probably non-breeders which left the 
breeding colony ahead of the breeding geese and young (Barry 1966). Numerous other 
flocks were sighted on the ANWR coastal plain during mammal radio-tracking flights 
during the remainder of August and early September (Fig 3). 

First major flock sightings were made on 27 August by Barry at Tuktoyaktuk 
Peninsula (12,144), Bathurst Peninsula (108,640), and Cape Parry (7,732). Barry 
observed 21,981 geese still on Banks Island on this date. A mass westward 
migration began on 28 August and Barry (pers. comm.) observed 141,000 geese from 
Tuktoyaktuk to Shingle Point, 314,235 geese from Shingle Point to Demarcation Bay, 
and approximately 18,000 geese in a limited survey, from the coast south to the 
200 m contour from Demarcation Bay to Barter Island. This was probably the 
beginning of a major arrival on the ANWR coastal plain. The first intensive survey 
flight on the ANWR coastal plain was conducted on 31 August. A corrected total 
of 166,049 ± 1624.438 geese were observed in 194 flocks from Clarence River to 
Itkilyariak Creek (Fig. 4). This count was believed low due to the presence of 
an impenetrable fog bank along to coast from Demarcation Bay to the Jago Delta. 
Concentration areas occurred along the Jago River, between the Okerokovik and 
Aichilik Rivers and the lower Clarence River (Fig. 4). 

The second intensive survey flight was conducted on 11 September. Conditions were 
optimal on ANWR but fog forced a 24 hour delay in the Canadian survey. A corrected 
total of 312,572 ± 2721.42 8 geese in 300 flocks was observed from the Clarence 
River to Simpson Cove (Fig. 5). Geese were observed in higher densites in the 
foothills in 1985 than in previous surveys (Fig. 6) and a major concentration was 
observed south of the upper Okerokovik and Jago rivers (Fig. 5). Other large 
concentrations were observed along virtually all of the major drainages in the 
study area (Fig 5). Barry observed 197,850 geese from Tuktoyuktuk to Shingle 
Point, and 97,162 geese from Shingle Point to Demarcation Bay on 12 September. 
There were virtually no snow geese on the Tuktoyuktuk Peninsula, Bathurst 
Peninsula, Parry Peninsula, and Pearse Point (Barry pers. comm.) on this date. 
By 13 September, very few geese were present on the Tuktoyuktuk Peninsula, Anderson 
River, and Kugaluk River (Barry pers. comm.). On 14 September there were 
approximately 123,000 geese in the MacKenzie Delta to Shingle Point area. 

a Confidence interval does not account for variation in estimates of flock sizes among observers during 
the aerial survey. 
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3: Distribution and numbers of lesser snow geese observed on 
25 August reconnaissance flight, 9 September bear tracking 
flight and incidentally during fall staging on the coastal plain of 
the .4rctic National Wtld/lfe Refuge, Alaska, 1985. 
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Distribution and numbers of lesser snow geese during fall 
staging on the coastal plain of the Arctic National Wildlife 
Refuge on 31 August, 1985. 
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Fig. 5 : Distnbution and numbers of lesser snow geese during fall 
staging on the coastal plain of the Arctic Notional Wildlife 
Refuge on I I September, 1985. 
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Heavy snow began falling on the ANWR coastal plain on 15 September accompanied 
by high northwest winds (40+ knots) and by 16 September the coastal plain due 
south of Barter Island had +90% snow cover. A major departure of geese occurred 
between 14 and 17 September and when aircraft resumed flying on 18 September, 
no geese were seen on the ANWR coastal plain. 

Although the major arrival date was similar to those in previous years, the major 
departure occurred earlier than most previous years (Fig. 7, Table 4). Peak 
number of geese observed on ANWR in 1985 (312,572) was 3.31 times the 1984 peak 
of 94,528 and 2.89 times the mean (107,990) of 10 previous surveys (extending 
over 10 years, excluding 1980, Table 5). 

The proportion of the western arctic breeding population which stage in Alaska 
was highly variable (Table 3) and was apparently not related to total population 
size (r=O. 2808, p>O. OS). The number of geese staging in Alaska was probably more 
strongly related to weather conditions (particularly snow cover), but may also 
be influenced by prevailing winds, maturity of ericaceous berries, and 
availability of cotton grass (Eriophorum) and horsetail (Eguisetum) (T.W. Barry, 
pers. comm.). 

Productivity 

Observers were unable to photograph sufficient numbers of geese to obtain 
reliable age-ratio estimates for ANWR. Composition counts by ground observers 
of 244 family groups yielded a mean of 2.29 (± 1.08 SD) young per successful 
breeding pair. 
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Fig. 7. ~hro~ology of arrival, staging, and departure of the wester~ arctic 
population of snow geese using the coastal plain of the Arctic 
National Wildlife Refuge, Alaska, 1971-1985. 
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Table 4. 

Year 

1971b 
1972° 
1973d 
19748 

1975f 
19768 
1978h 
1979i 
1980j 
1981k 
19821 

1983m 
1984n 
1985 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

k 

1 
m 
n 

0 

Dates of arrival and departure of snow geese on the Mackenzie River delta, Yukon north slope, and eastern Alaskan north slope, August 
and September 1971-1976 and 1978-1984. The 1978-1982 and 1984 data are from Arctic National Wildlife Refuge only, other years include 
intensive sampling over entire staging area. 

Date first Dates of Major Date last Survey 
flock sighted major arrival departure flock sighted Period a 

15 Aug. 31 Aug.-2 Sept. 12-16 Sept. 17 Sept. 4 J une-19 Sept. 
17 Aug. 27-29 Aug. 7-10 Sept. 15 Sept. 10 July-17 Sept. 
23 Aug. 1-12 Sept. 22-25 Sept. 4 Oct. 25 Aug.-29 Sept. 
21 Aug. 22-24 Aug. 17-21 Sept. 30 Sept. 24 Aug.-30 Sept. 
18 Aug. 3-5 or 6 Sept. 19-24 Sept. 25 Sept. 20 Aug.-25 Sept. 
13 Aug. 25-28 Aug. 16-26 Sept. 30 Sept. 15 Aug.-2 Oct. 
20 Aug. 25 Aug.-1 Sept. 16-27 Sept. 27 Sept. 10 June-5 Oct. 
24 Aug. 26-28 Aug. 15 Sept. N/D 10 June-12 Sept. 
15 Aug. 19-21 Aug. 1-2 Sept. 9 Sept. 5 June-12 Sept. 
24 Aug. 26-30 Aug. 16-18 Sept. 18 Sept. 11 July-20 Sept. 
7 Aug. 24-26 Aug. 16-18 Sept. 19 Sept. 6 June-25 Sept. 
20 Aug. 25 Aug.-2 Sept. 21 Sept. 21 Sept. 1 June-26 Sept. 
17 Aug. 30 Aug.-7 Sept. 17-25 Sept. 24 Sept. 28 Aug.-26 Sept. 
14 Aug. 28 Aug.-11 Sept. 15-18 Sept. 14 Sept. 28 Aug.-18 Sept. 

Dates inclusive of aerial and ground observation period. Locations of ground observation and aerial survey coverage varied: 1971-1976 data 
emphasized MacKenzie and Yukon locations, while 1978-1981 data emphasized Alaskan locations. The 1982 and 1983 data moe equally 
covered both Canadian and Alaskan locations; survey periods include dates between which extensive aerial surveys were conducted in which 
snow geese could have been observed. For details see reprective sources: 
Schweinsburg (1974) 
Gollop and Davis (1974) 
Koski and Gallop (1974) 
Koski (1975) 
Koski (1977a) 
Koski (1977b) 
Spindler (1978) 
Spindler, M., Wildlife Biologist. [Memo to Refuge Manager, Arctic National Wildlife Refuge, U.S. Fish & Wildlife Service.] 1979,] pp. 
Spindler (1980) 
Spindler (1983a) 
Spindler (1983b) 
Spindler (1984) 
Oates et at. (1985) 
Barry (pers. comm.) 
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Table 5. Peak numbers of western arctic snow geese counted during August-September staging surveys, Arctic National Wildlife Refuge coastal plain and Canadian 
areas to the east, 1973-1983. 

Year Alaska Yukon Mackenzie River Total Percent Survey dates 
north slope delta and east Staging 

in Alaska 

1973a 104,9752 62,345 39,600 406,920 25.80 Sept 2,3,5,6,11,12,18,22,23,25 
Aug. 24,31, Sept.5,11,16,25 1974a 

1975a 
1976a 
1978b 
1979c 
1980d 
1981g 
1982i 
1983k 
19841 
19851 

Sources: 

a 
b 
c 
d 
e 
f 
g 
h 

j 
k 

m 
n 

104,715 45,110 13,373 
0 20,972 354,028 

228,793 224,401 18,363 
325,760 N/D N/D 
195,000 41,000 N/D 

163,198 
375,000 
471,557 

N/D 
N/D 

64.16 
0.00 

48.52 
N/D 
N/D 

Aug. 25-28, Sept.8,10,11,13,17-18, 20,23 
Aug. 16-20, 29-31, Sept.4-6 ,10-13,18-21 
Sept. 13-14 
Sept. 6-7 

8~ 7 5oof N/D. 
200oo 800ooh 330,()()d 

N/D N/D 
43o,ooof 4.65 

Sept. 9 
Sept.14,16,20 
Aug.24,26,29,31;Sept.1,3,5,9,10,14,15,21,22 
Aug.22,26;Sept.1 ,8,9, 12,21,26 

' ' 107,072 117,892 6,155 231,000 46.35 
12,828 300,651 54,523 393,002 3.26 
94,528 128,725m 195,879 369,232 25.6 Sept. 12,13 

312,473 97,162 197,850 607,485 51.44 
+2 721.42n 

Sept. 11,12 

Koski (1977b), extrapolation from transects at several points in time, not all areas covered on each date. 
Spindler (1978), extrapolation from transects at 1 point in time. 
Spindler, M., Wildlife Biologist. (Memo to Refuge Manager, Arctic National Wildlife Refuge, U.S. Fish and Wildlife Service.) 1979, 1pp. 
Spindler (1980) 
Ground counts by J. Levison, estimates of all flocks seen in continuous count during daylight hours. 
Estimated total; Actual photograph count was less; Demarcation Bay to Phillips Bay. 
Spindler (1983a) 
Visual estimates of flock size, Yukon sample includes only area from U.S.-Canada border to Phillips Bay. 
Barry 1982. Does not include 250,000 geese estimated to have staged south and west of Paulatuk, which is east of the MacKenzie delta. 
Spindler (1983b) 
Numbers given are actual count estimates for area surveyed 12 September; numbers in parentheses are total estimated geese present on 2 September 
based on adjustments for estimates error and area covered. Estimate given for total of all 3 sub-areas includes 25,000 geese estimated migrating south 
out of the region on 12 September. 
Numbers given are total estimated geese present on 13 September based on correction equation for estimation error (Oates et al. 1985) 
Includes an estimated 30,000 geese between Stokes Point and Komakuk (Barry pers com) 
confidence interval does not account for variation in estimates of flock sizes among observers during the aerail survey. 
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Appendix Table 1. Counts of numbers of snow geese in flock photographs used 
to compute within and among observer variances, 1985, Arctic 
National Wildlife Refuge, Alaska. 

Date Flock Observer 1 Observer 2 Observer 3 
Number Count 1 Count 2 Count 1 Count 2 Count 1 Count 2 

31 August 7 1118 1077 1049 1083 1149 1062 
14 992 1065 1064 1058 1061 1051 
19 4355 4265 4236 4308 4412 4613 

11 September 44 147 146 145 143 145 145 
71 192 191 193 192 193 196 

109 86 88 86 86 88 86 
176 1138 1144 1118 1121 1183 1154 
181 609 576 591 576 569 576 

12 September 1 759 735 729 742 767 752 
3 80 79 79 79 76 80 
6 140 137 126 133 139 141 

10 1478 1475 1434 1459 1542 1600 
13 957 938 923 914 940 947 
14 214 213 211 213 215 213 
15 50 50 49 49 99 50 
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Appendix Table 2. 

Date 

August 31 

11 September 

12 September 

Values represent 

Photographic count results used to assess accuracy and 
develop a correction equation for visual flock size 
estimates of snow geese, 31 August and September, 1985. 
Arctic National Wildlife Refuge, Alaska. 

Flock 
Number 

5 
7 

11 
14 
15 
16 
19 
23 
27 
28 
71 
72 
13 
14 
44 
70 
71 

109 
119 
133 
176 
181 
187 
195 

1 
2 
3 
4 
5 
6 
7 
9 

10 
12 
13 
14 
15 

Visual estimate 
(X) 

300 
800 

1100 
550 

1400 
1150 
1450 

150 
600 
650 
250 
600 

60 
1000 

85 
260 
120 

70 
450 
350 
800 
300 
500 
500 
500 
230 

50 
1100 

70 
110 
300 
750 
600 

2525 
300 
110 

35 

means of counts by 3 observers. 
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Photo count 
(Y) 

451.33 
1089.67 
1535.33 
1048.50 
2957.33 
2332.00 
4352.83 
402.00 
774.00 

1350.33 
347.00 
476.00 

87.00 
2319.33 

145.17 
410.67 
193.33 

87.00 
1786.67 

631.33 
1143.00 

591.33 
838.00 

1223.00 
747.33 
311.33 

78.83 
2100.33 
124.33 
136.00 
457.00 

1643.67 
1498.00 
4090.33 

936.50 
213.17 
49.50 
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ANWR Progress Report No. FY86·l1 

Ecology of lesser snow geese staging on the coastal plain of the Arctic National 
Wildlife Refuge, Alaska, fall 1985. 

Alan W. Brackney, Robert M. Platte, John M Morton and David Whiting, U.S. Fish 
and Wildlife Service, Arctic National Wildlife Refuge, Fairbanks, Alaska. 

Abstract: Feeding ecology, time budgets, and body composition of fall staging 
lesser snow geese (Anser caerulescens caerulescens) on the coastal plain of the 
Arctic National Wildlife Refuge (ANWR) were examined in 1984-1985. A total of 
112 snow geese were collected for food habits and body composition analysis. 
Arriving geese consumed horsetails (Eguisetum variegatum) (44.7% aggr. dry wt., 
n=35) and common cottongrass (Eriophorum angustifolium) (24.1% aggr. dry wt.). 
Departing geese fed heavily on common cottongrass (58.8% aggr dry wt., n=30). 
Hand picked cottongrass stem bases contained maintenance levels of crude protein 
(12%), high levels of total nonstructural carbohydrates (TNC, 16.3%) and low 
levels of crude fat (1.2%). Fiber (cellulose+ lignin) made up 26.8% of the 
content. Estimates of true metabolizable energy for cottongrass was 7.49 kj/g. 
No significant differences were found in fat free dry weight (FFDW) or body 
measurements (wing, tarsus, bill) between geese collected during the arrival and 
departure phases of the staging period, indicating that little growth occurred 
in juveniles and little body protein was added by adults. Geese showed 
significant increases in body fat in both years. Adult males gained 21.5± 3.3 
g fat/day (regression slope b± SE, n=24) and females gained 22.5± 2.7 g fat/day 
(n=24) in 1985. In juveniles, 10.6± 2.8 (n=l7) and 11.7± 3.3 (n=ll) g fat/day 
were added by males and females, respectively, in 1985. Adults accumulated fat 
at a significantly lower rate in 1984 due to a possible reduction in food intake 
at the end of the longer staging period. Arriving juveniles lacked sufficient 
fat reserves in both years to fuel a flight to central Alberta, the migration 
staging area. Time budget studies showed that adults fed less in the afternoon 
(46.8%) than in the early morning (58.8%) or evening (59.5%) and juveniles fed 
less in the afternoon (67.2%) than during the remainder of the day (75.1%-75.9%). 
Juveniles spent significantly more time feeding (11.7± 0.8 hrsjday, P < 0.001) 
than adults (8.1± 0.4 hrsjday). 
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ANWR Progress Report No. FY86·ll 

Ecology of lesser snow geese staging on the coastal plain of the Arctic National 
Wildlife Refuge, Alaska, fall 1985 

From late August through mid September of each year, snow geese from the Western 
Canadian Arctic Population (WCAP) stage on the Mackenzie river delta, the Yukon 
coastal plain, and the coastal plain of the Arctic National Wildlife Refuge 
(ANWR) in Alaska (Barry 1967, Koski and Gollop 1974, Koski 1975, Koski 1977a and 
b, Spindler 1983, Spindler 1984, Oates et al. 1985, Oates et al. 1987). In some 
years >300,000 geese, over half of the WCAP, use the coastal plain of ANWR for 
fall staging (Spindler 1983, Oates et al. 1987). During this period, the geese 
feed intensively and accumulate the fat reserves needed for migration (Patterson 
1974, Wypkema and Ankney 1979). Body fat is the primary fuel for long distance 
flight in birds (Farrar 1966, West and Meng 1968, Child 1969, Berger and Hart 
1974, Blem 1980), and the size of fat reserves are the major determinant of the 
potential distance an avian migrant can fly without stopping (Odum and Perkinson 
1951, Odum et al. 1961, Nisbet et al. 1963, West and Meng 1968, Blem 1980). 
Breeding females nearly deplete their fat reserves during incubation (Ankney and 
Macinnes 1978), and increase their reserves only slightly during brood rearing 
due to the constraints of molt and parental alertness (Harwood 1977, Wypkema and 
Ankney 1979). Prior to the staging period, juvenile snow geese (goslings) commit 
most of their energy to growth and, during the brood rearing period, accumulate 
little body fat (Patterson 1974, Wypkema and Ankney 1979). 

Snow geese which leave the autumn staging grounds with low body weights and low 
fat reserves stop more often during migration and may suffer higher mortality 
than those in better condition (Gooch 1958, Gooch et al. 1960, Barry 1967). 
Cooke et. al (1984) documented higher recruitment rates into the breeding 
population by early-hatching goslings despite higher fledging success by goslings 
hatched in the middle period (Cooke and Findlay 1982). Early hatching goslings 
had higher July weights and longer flight feathers than those hatching in the 
middle or late stages of the hatch period (Cooke et. al 1984). This higher 
recruitment rate for early-hatching goslings suggests that better physical 
condition during migration enhances survival during the critical first migration 
by juveniles. Lynch (1970) found higher indices of productivity (family group 
counts and percentages of juveniles) on the gulf coast (eastern arctic 
population) during late October and early November than in mid January, and lower 
productivity during late October and November has been found in the northern 
States and at James Bay (Prevett and Macinnes 1980). Family groups which 
migrated straight through to the gulf coast may have been in better physical 
condition and less likely to have interrupted migration for long periods to 
replenish body reserves (Ankney and Macinnes 1978). Such interruptions subject 
juveniles to higher mortality on the northern refuges where they are more easily 
separated from the adults in large flocks (Prevett and Macinnes 1980). 

Proposed petroleum development on the coastal plain of ANWR may place human 
activity in direct conflict with the requirements of staging snow geese and 
affect the ability of the geese to obtain adequate fat reserves. The present 
lack of information on behavior and resource needs of the population make the 
prediction of impacts from such development only speculative. Basic life history 
information during the fall staging period is necessary to evaluate the effects 
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of disturbance, habitat loss, or displacement of the geese from staging areas. 
This study was begun in 1984 to provide some of the information needed to predict 
the effects of these impacts. The objectives of the study were: 

1) Quantify the normal daily activity patterns of staging snow geese. 

2) Determine the types of foods consumed. 

3) Quantify the changes in body weight, and lipid levels during the staging 
period on ANWR. 

4) Determine the nutritional quality of foods ingested. 

Methods 

Data on nutrition, diet and body composition were obtained through the 
collection, by shotgun, of 112 snow geese during the arrival and departure phases 
of the staging period. Collection dates of geese arriving on the refuge were 
similar in 1984 (30-31 August) and 1985 (26-28 August). Five geese were also 
collected during the interim period. During the longer 1984 staging period, the 
collection of geese just prior to departure from the refuge took place on 21-23 
September. Because poor weather shortened the 1985 staging period, departing 
geese were collected on 11-13 September. Collection sites included both coastal 
arid inland locations (Fig. 1). 

Immediately after the geese were shot, specimens were aged by plumage 
characteristics (Bellrose 1980) and sexed by cloacal examination (Hanson 1967). 
Esophageal and proventricular contents were removed and stored in separate 
whirl packs in 1984. Bec.ause no differences were detected in food contents 
between these organs in 1984, samples were combined in 1985. The fresh weight 
of the geese were taken in the field to the nearest 25 g with a spring scale and 
all specimens and samples were stored in a cool place, generally for less than 
1 day, until they could be transported to Barter Island and frozen. 

Body Composition 

All geese were shipped to Fairbanks where specimens were partially thawed. Food 
contents were removed from the gizzard, small intestine, and large intestine, 
weighed separately and combined by organ within sexjage classes and collection 
period. Feathers were removed prior to composition analysis. Whole body 
composition analysis was performed on the carcasses by Hazelton Laboratories, 
Madison, Wise. in 1984 and A & L Midwest Agricultural Lab, Omaha, Neb. in 1985. 
Whole carcasses were partially thawed, chopped into small pieces and finely 
ground. Duplicate samples of finely mixed homogenate from each carcass were 
assayed for percent water, lipid, protein, and ash (Horwitz 1975). Lipids were 
extracted in a soxhlet petroleum ether extractor on samples dried overnight with 
a mixture of 3-4x their weight in anhydrous sodium sulfate. Percent nitrogen 
was determined with the Kjeldahl method (Horwitz 1975) and multiplied by 6.25 
to obtain crude protein estimates. Caloric content of duplicate samples were 
measured by bomb-calorimetry. We weighed the geese in the laboratory to the 
nearest 0.1 g before and after intestinal contents removal, feather shearing, 
and before whole body analysis to track weight changes. 

373 



Fig 1. Collection and Time Budget Study 
Locations for Snow Geese 
(1984-1985). 

Collection 
Locations 
e Arrival 1984 
+Departure 1984 
• Arrival 1985 
.Departure 1985 
• Interim Locations 

Time Budget 
Study 

Locations 
Q1984 
~ 1985 



Diet and Nutrition 

Identifiable food items in the esophagus and proventriculus of each goose were 
sorted by species and plant part (leaves, shoots, or stem base ) counted and 
weighed wet. Average dry weight for each species was applied to the sample and 
the % aggregate dry weight (% dry weight of each plant species per goose averaged 
over the sample) and % of geese containing a specific plant species (Swanson et 
al. 1974, Prevett et al. 1979) were calculated. Geese with < 0.05 g of dry 
matter were deleted from the sample. Identification of plant parts were made with 
the aid of Hulten (1968) and a reference collection. The material was then 
combined, as in the intestinal contents. The Alaska Agricultural Extension 
Laboratory, Palmer, performed nutritional analysis on triplicate intestinal 
samples for percent moisture, acid detergent fiber (ADF), lignin, cellulose, and 
ash (Van Soest 1963). Caloric density was measured for the esophageal and 
proventricular contents and large intestine contents with a bomb-calorimeter. 
Also, 4 samples of the major food items and 12 samples of droppings were 
collected for additional analysis of moisture, lignin, cellulose, crude protein, 
crude fat, total nonstructural carbohydrates, ash, and caloric density (Horwitz 
1975, Van Soest 1963). 

Apparent metabolizable energy (AME) value of snow goose foods were estimated 
from gross energy (GE) values of the hand-picked food samples, esophageal 
contents, and droppings. Cellulose was used as an indigestible marker (Almquist 
and Halloran 1971) to determine energy digestibility. AME values were calculated 
from the formula of Sibbald et al. (1960): 

AMEg food = GEg food - [ (% markerfood/% marker excreta) GEexretal 

Time Budgets 

Time budgets of staging geese were quantified during the staging period (1- 20 
September 1984-85) at 1 coastal and 2 inland sites (Fig. 1.). Observations of 
individual geese in flocks were made during daylight hours. An observer randomly 
selected an individual bird and recorded its behavior at 15 sec intervals, timed by 
a metronome (Wiens et al. 1970). Behavior was classified into 1 of 3 primary 
activities (sitting, standing, or walking, Frederick and Klaas 1982); and one of 10 
secondary behaviors (feeding, drinking, loafing, preening, calling, comfort 
movements, social interaction, alert, walking, and resting). For purposes of data 
analysis, feeding behavior while standing (head down posture) was termed "grubbing" 
as the geese were in the act of removing and ingesting roots and the lower stems of 
vegetation (Bolen and Rylander 1978). Since little ingestion occurred when the geese 
were walking in the head-down posture, this behavior was designated "searching". 
Comfort movement behavior (McKinney 1965) was combined with preening behavior for 
analysis, and drinking, which occurred less than 0.001% of the time, was combined 
with feeding. Resting was defined as any sitting or standing posture with the bill 
tucked under the wing, and loafing was regarded as any sitting or standing posture 
not involving resting, alert, feeding, preening, or social interaction (calling, 
aggression, or social displays).The percentage of time spent flying was estimated 
with the instantaneous scan method (Altmann 1974). At a minimum of 3 minute 
intervals, the number of geese in a flock were estimated, the flock was quickly 
scanned and the number of flying individuals were counted. 
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The temperature, ground cover, fog, wind direction, wind speed, and time of day was 
recorded for each time budget record. Temperature was measured with a hand-held 
mercury thermometer at ground level, and wind speed was measured with a Sims 
anemometer at a height of 1.5 m above ground. 

Statistical Analysis 

Statistical tests of mean differences were confined to 2-sample t-tests (Snedecor 
and Cochran 1967). Linear regression was used for the comparison of the rate of 
fat gain by geese between years, collection periods and age/sex classes. For 
proportional data, weighted means and standard deviations are reported in all 
instances. All intervals reported in the text are given as the mean± 1 standard 
deviation. 

Results 
Diet 

A total of 65 of 112 geese (58%) collected during the study contained sufficient 
material in the esophagus and/or proventriculus for analysis(Table 1). 

Table l. Foods consumed by fall staging snow geese, Arctic National 
Wildlife Refuge, 1984-1985. 

Plant species 

Water sedge 
(Carex aguatilis) 

Sedge spp. 
(Cyperaceae) 

Horsetails 
Common cottongrass 
Cottongrass spp. 

(Eriophorum spp.) 
Grass (Gramineae) 
Misc. Vegetation 

Arrival Period (35) 8 b 
Aggr. % dry wt % Geese 

2.1 2.9 

1.5 11.4 
44.7 57.1 
24.1 40.0 

0 0 
2.9 2.9 

24.8 40.0 

Sample size in parenthesis 
bAlso includes 2 geese collected on 3 September 1985. 

Departure Period (30) 8 

Aggr. % dry wt % Geese 

0 0 

4. 9 10.0 
10.2 16.7 
58.8 66.7 

7.9 13.3 
0.4 3.3 

19.2 30.3 

Arriving geese shot in late August had primarily consumed the green shoots of 
horsetail and smaller quantities of the stem base and lower stems of common 
cottongrass. Common cottongrass has a large bulb-like storage structure (stem 
base) immediately below ground level at the lower end of the shoot (Chapin et 
al.l980) which was the preferred portion of the plant. Departing geese had eaten 
large quantities commop cottongrass stem bases, although some geese (16.7%) had 
taken horsetail shoots in smaller quantities. Water sedge comprised only 2.1% and 
0% aggr. dry wt of the sample of arriving and departing geese, respectively. Food 
selections were consistent across inland and coastal sites. 

376 



Nutrition 

Cottongrass, taken from hand collected samples, contained a maintenance level of 
crude protein (12. 0%), high levels of total nonstructural carbohydrate (TNC) 
(16.3%) and low levels of fat (1.2%) (Table 2). Total dry matter digestibility 
of the forage (the sum of crude protein, fat, and TNC) was 29.5% . Digestibility 
may have actually been lower due to high levels of cellulose (16.7%) and lignin 
(10.1%) in the samples. Horsetails contained similar fiber but much higher ash 
levels (17.2%) than cottongrass (3.8-4.2%), and lower moisture levels (69.8%) than 
cottongrass (82.7%). Water sedge contained lower crude protein (10.3%) and TNC 
(10.7%) than cottongrass. 

Table 2. Nutrient content of foods consumed by fall staging snow geese, Arctic 
National Wildlife Refuge, Alaska, 1985 

% Dry Matter 
Crude Crude % 

Food N Protein TNC Fat Cellulose Lignin Ash Water 

Hand-picked samples 
Common cottongrass 6 12.0 16.3 1.2 16.7 10.1 3.8 82.7a 
Water Sedge 2 10.3 10.7 1.1 23.3 5.2 2.7 75.9 

Esophageal samplesb 
Common cottongrass 8 15.4 8.6 4.2 81.2 
Horsetail 6 17.6 5.6 17.2 69.8 

8 4 samples. 
b Included minor portions of other plant species. 

Metabolizable Energy 

Gross energy values (Table 3) were similar between droppings and large intestine 
contents. Hand collected food samples were slightly lower in gross energy than 
those taken from the esophagi of the geese. Although lignin, which is relatively 
indigestible (Crawford 1981), was also assayed, cellulose proved to be a more 
dependable marker, most likely because several lignin estimates were below the 
minimum accurate concentration (6.0%) for a marker (Van Soest 1982). Cellulose 
is not subject to cecal digestion in Anser ~ (Mattocks 1971) and has been used 
as an indigestible marker in several species of geese (Cargill and Jefferies 1984, 
Ebbinge et al. 1975, Marriott and Forbes 1970). However, Buschbaum et al. (1986) 
measured non-cecal cellulose and hemicellulose digestion amounting to 28% and 25%, 
respectively, in Canada geese and brant. In this study, the cellulose to lignin 
ratios in the organic matter were similar between esophageal (2.50:1), hand-picked 
cottongrass samples (2.50:1), droppings (2.33:1), and large intestine contents 
(2: SO: 1). Ratios in geese which had consumed horsetails were also similar in 
cellulose:lignin ratios in esophageal (3.13:1) and large intestine (3.59:1) 
samples. These ratios suggest that the geese did not digestion cellulose. 

Estimated AME values were 6.39 ± 0.12 (mean± SO) for handpicked cottongrass and 
7.34 ± 0.06 for esophageal samples used as the feed and droppings used as the 
excreta. Large intestine contents did not provide reliable estimates because of 
the presence of endogenous matter in the material stripped from the gut. The 
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energy digestibility coefficient was 43.7%. Since metabolic fecal energy and 
endogenous urinary energy approach 3% of True metabolizable energy (TME) at high 
intake rates (Miller and Reinecke 1984), the AME value (7.34 Kj/g) was multiplied 
by 1.03 to derive a TME estimate of 7.49 Kj/g. This produced a mean energy 
digestibility coefficient of 44.7%. 

Table 3. Gross energy (kj/g) of food and excreta samples used to estimate apparent 
metabolizable energy values. 

Source 

Food 
Hand-picked 

Arrival 

Esophagus 9.67b 

Excreta 
Large intestine 15.44 
Droppings 

1984 

a Primarily common cottongrass 

Year 

Departure Arrival 

15.748 

16.23 15.80 

1985 
Departure 

16.688 

16.808 

16.06 
15. 51 d 

b Mixed horsetail and common cottongrass 
c Primarily horsetail 
d Common cottongrass samples and droppings collected in the interim period 

between arrival and departure 

These AME and TME estimates are within the range of values found for other natural 
waterfowl foods. Burton et al. (1979) estimated an AME value of 5.98 Kj/g for 
bulrush (Scirpus americanus) rhizomes in snow geese. AME of natural plant foods 
assayed by Sugden (1973) in blue-winged teal (Anas discors) ranged from 6.94 Kj/g 
to 11.25 Kj/g, and TME of 5 plant foods (seeds) assayed in mallards by Hoffman and 
Bookhout (1985) varied from 4.1 to 12.8 Kj/g. 

Body Composition 

Both adult and juvenile snow geese showed significant weight gains between arrival 
and departure collection periods in each year of the study (Table 4). The weights 
of arriving geese were higher in 1984 then 1985, possibly due to water in the 
plumage of a number of birds as well as higher but non-significant differences in 
other body components. Plumage weights of geese taken in 1984 were erratic and 
higher than in 1985. 

Growth of juvenile snow geese during the fall staging period has been suggested 
by for the WCAP (Patterson 1974) and for the Eastern Canadian Arctic Population 
at James Bay (Wypkema and Ankney 1979). Those studies relied on body measurements. 
Since real growth would involve an increase in bone and muscle or other protein 
rich organs, fat free dry weight (FFDW, Odum et al. 1964) were examined as an 
indicator of growth (Table 5), where FFDW = PBW- Fat- body water, and PBW was 
the body weight of the geese with feathers and intestinal contents removed. 
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Table 4. Weights (g) of snow geese collected during fall staging on the Arctic 
National Wildlife Refuge, Alaska, Aug. - Sept. 1984 & 1985. 

Staging Period 
Age(sex Year Arrival N De12arture N 

Adult male 1984 2507 ± 123 8 7 3004 ± 226*b 4 
1985 2428 ± 154 10 2705 ± 205* 14 

Adult female 1984 2282 ± 91 3 2762 ± 340* 4 
1985 2141 ± 165 14 2437 ± 203* 10 

Juvenile male 1984 2104 ± 101 4 2484 ± 149* 8 
1985 1915 ± 201 10 2187 ± 252* 7 

Juvenile female 1984 0 2324 ± 105 6 
1985 1793 ± 128 7 1976 ± 167* 4 

8Mean ± Sd (g), weights are of thawed geese with emptied intestinal tracts 
b* Significantly different from preceding value (P < 0.05) 

No significant differences (P > 0.05) were detect in FFDW between the arrival and 
departure periods in any agejsex class for 1984 or 1985. Juvenile males in 1985 
had significantly higher body protein content (P < 0.01) in the departure period, 
with means of 370.58± 33.2 g protein (n=lO) and 423.8± 33.7 g protein (n = 7) in 
the arrival and departure periods, respectively. Despite the difference, FFDW in 
juvenile males was not significantly different (P > 0 .1) between collection 
periods. 

Table 5. Fat free dry weights (g) of snow geese collected during fall staging on 
the Arctic National Wildlife Refuge, Alaska, Aug. -Sept. 1984-1985. 

Staging Period 
Age(sex Year Arrival N DeJ2arture N 

Adult male 1984 532.8 ± 34.38 7 572.0 ± 39.5 3 
1985 589.4 ± 69.8 10 574.5 + 62.0 14 

Adult female 1984 478.7 ± 22.4 3 559.7 ± 68.9 3 
1985 491.0 ± 42.7 14 489.1 ± 46.4 10 

Juvenile male 1984 461.9 ± 37.2 4 457.6 ± 27.9 8 
1985 457.0 ± 41.9 10 490.1 ± 36.8 7 

Juvenile female 1984 0 417.4 ± 27.5 6 
1985 434.4 ± 38.5 7 453.5 ± 51.9 4 

8Mean ± Sd (g) 

As an additional test for growth, the bill, tarsus, and flattened wing (Pettingill 
1970) were measured in the 1985 geese (Table 6). Only bill length in juvenile 
males was significantly different between collection periods. Therefore, no 
evidence of growth in juveniles nor an increase in body protein content in breeding 
females were found. 

379 



Table 6. Body measurements of fall staging snow geese collected on the Arctic 
National Wildlife Refuge, Aug.-Sept. 1985. 

Collection Length 
Age/sex Period N Bill (mm) Tarsus (mm) Wing (mm) 

Adult males Arrival 10 57 ± la 89 ± 5 422 ± 10 
Departure 4 56 ± 3 86 ± 2 432 ± 13 

Adult females Arrival 14 54 ± 2 85 ± 5 409 ± 14 
Departure 10 55 ± 2 83 ± 3 407 ± 8 

Juvenile males Arrival 10 52 ± 3b 87 ± 5 394 ± 14 
Departure 7 55 ± 3 87 ± 5 403 ± 8 

Juvenile females Arrival 6 49 ± 2 84 ± 4 383 ± 16 
Departure 4 52 ± 1 81 ± 3 387 ± 7 

8Mean + Sd 
bSignificantly different (P < 0.05) from next lower value. 

Fat reserves: A substantial portion of the weight gain by the fall staging snow 
geese came from fat storage. All age and sex classes increased their total body 
fat content significantly (Table 7). In 1985, mean body fat in departing adults 
was 217% and 252% of those in arriving females and males, respectively. Juvenile 
males and females increased body fat by 270% and 240%, respectively, in 1985. In 
the longer 1984 staging period, departing adults contained 243% and 252% more fat 
than arriving adult males and females, respectively. Mean fat weight of departing 
juvenile males was 450% of that in arriving males, although arriving juvenile males 
in 1984 contained only 70% of the fat weight of those in 1985. Body fat weights 
were highly variable in arriving geese (CV range= 30.2% - 73.6%) but less variable 
in departing geese (CV range= 6.4%- 38.1%). Thus, geese with low fat reserves 
probably accumulated more fat during the staging period than those in better 
condition. 

Table 7. Mean weights (g) of body fat in snow geese collected during fall staging 
on the Arctic National Wildlife Refuge, Alaska, Aug.-Sept. 1984-1985. 

Stsaging Period 
Age/sex Year Arrival N Departure N 

Adult male 1984 258.7 ± 104.88 7 652.8 ± 41. 9*b 3 
1985 239.4 ± 101.8 10 594.1 ± 93.1** 14 

Adult female 1984 242.8 ± 178.8 3 587.0 ± 21. 3* 3 
1985 250.7 ± 124.6 14 558.9 ± ll9. 4** 10 

Juvenile male 1984 98.5 ± 46.3 4 443.8 ± 47.8** 8 
1985 141.0 ± 56.3 10 320.1 ± 126. 7~<* 7 

Juvenile female 1984 0 4ll.8 ± 70.8 6 
1985 131.4 ± 39.7 7 316.0 ± 120.5* 4 

8mean ± SD (g) 
bSignificantly different than the preceding value, *(P < 0.05), **(P < 0.01) 
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Lipid indices (fat wt/FFDW xl00)6 (Blem 1980, Johnson et al. 1985) allowed an 
examination of changes in body fat reserves independent of differences in body 
size between individuals and age/sex classes (Table 8). Indices in arriving adults 
were less than half those of departing adults and relatively constant between years 
and sexes. Arriving juveniles had much lower lipid indices than arriving adult 
and lower indices during the departure period in 1985 than in the longer staging 
year of 1984. Adult indices were similar between years in both collection periods. 

Table 8. Lipid indices8 of snow geese collected during fall staging on the Arctic 
National Wildlife Refuge, Alaska, Aug.-Sept. 1984-85. 

Staging Period 
Age/sex Year Arrival N Departure N 

Adult male 1984 49.6 ± 7.5 7 114.1 ± 5.8 3 
1985 40.6 ± 5.2 10 103.4 ± 5.3 14 

Adult female 1984 50.7 ± 18.4 3 105.0 ± 5.2 3 
1985 51.1 ± 6.4 14 114.3 ± 7.5 10 

Juvenile male 1984 21.3 ± 39.7 4 97.0 ± 3.5 8 
1985 30.9 ± 5.7 10 65.3 ± 8.8 7 

Juvenile female 1984 98.7 ± 5.3 6 
1985 30.2 ± 2.7 7 69.8 ± 9.5 4 

8 (Fat wt/FFDW)xlOO 

A daily rate of fat storage was estimated by linear regression for each age/sex 
class by year (Table 9). The regression slopes were significantly higher in 1985 
than 1984 (P < 0.01) in adults but not in juveniles. Adults had either added fat 
at a higher rate in 1985 or reduced their food intake at the end of the longer 1984 
staging period. In 1985, adults deposited fat at a significantly higher rate (P 
< 0.01) than juveniles. The slopes were similar in 1984 when arriving juvenile 
males were substantially lighter than those taken in 1985. The lower rate of daily 
fat gain by juveniles may have been due to their lower feeding efficiency and added 
energy expenditures (this study). 

Table 9. Snow goose body fat weight (g) at the start of fall staging, and rate 
of daily fat accumulation (g/day) estimated by linear regression, 
Arctic National Wildlife Refuge, Alaska, 1984-1985. 

Year 
1984 1985 

Starting Starting 
R2 Agebex Weight Rate R2 N Weight Rate N 

Adult males 234.5 16.6 0.821 11 185.6 22.5a 0.883 24 
Adult females 192.0 15.1 0. 728 7 191.9 21. sa 0.662 24 
Juvenile males 71.6 14.6 0.948 12 118.0 10.6 0.486 17 
Juvenile females 107.4 11.7 0. 577 11 

Regression slope significantly higher than 1985 value (P < 0.01) 
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Theoretical Flight Range 

The utility of the fat content of arr~v~ng and departing geese were compared through 
the calculation of theoretical flight ranges for each collection period each year 
(Table 10). Body weights (Table 4) for 1985 were used in the estimation of BMR 
(Aschoff and Pohl 1970) and a value of ll.O(BMR) was used as an estimate of flight 
cost. BMR was calculated for each hour of flight from body weights readjusted for 
the loss of dry fat weight based on an 80% conversion efficiency of fat. Minimum 
possible fat content was estimated as 2% of FFDW and flight speed was set at 70 km/hr 
(Wege and Raveling 1984). 

Table 10. Maximum theoretical flight range (km) of fall staging snow geese by staging 
period based on mean dry weights of body fat. 

Staging' Period 
Age/sex Year Arrival Departure 

Adult male 1984 32418 7699 
1985 3038 7559 

Adult female 1984 3269 7335 
1985 3554 7726 

Juvenile male 1984 1297 5899 
1985 2075 4560 

Juvenile female 1984 5746 
1985 2073 4904 

8Maximum flight range (km) 

Estimated flight ranges of arr~v~ng juvenile snow geese were not sufficient to allow 
a sustained flight to migratory staging areas in central Alberta, a distance of 
2100-240Q Km. Flight ranges of arriving juveniles were sufficient to allow nonstop 
flight to the Hays river, Northwest Territories, a minor migration stopping area 
(Bellrose 1980). Because 2% body fat, an extreme depletion of fat reserves, 
represents depletion down to structural levels (Odum et al. 1964), geese are likely 
to stop in migration before they reach that level. 

Time budgets 

Behavioral observations were taken on 429 individual snow geese for a total of 11,006 
instantaneous scans (45.9 hrs of observation time). Because the observation times 
averaged only 25.7 scans/goose (6.4 min), scans were pooled by age class within 4 time 
blocks on each day of observation. The time blocks were 0500-0859 hrs (early 
morning), 0900-1259 hrs (late morning), 1300-1659 hrs (afternoon), and 1700-2059 hrs 
(evening). 

The time budget estimates in this study are based on the assumption, that geese did 
not feed at night. Continuous cloud cover prevented the use of a night scope. 
Nocturnal feeding has been documented in other species of geese (Howard 1940, Boyd 
1955, Owen 1972) and in lesser snow geese on the Frazier River delta, British Columbia 
(Burton and Hudson 1978), when food availability was controlled by tidal movements. 
Snow geese at DeSoto Bend in the fall of 1976-1977 spent the night hours roosting on 
a lake (Frederick and Klaas 1982). On the ANWR, we observed snow geese coming into 
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lakes after dark and leaving the vicinity of nearby lakes in the early morning. 
Feeding activity at night should have been evident in the amount of material in the 
digestive tracts of geese collected in the early morning. However, X2 tests showed 
that the number of snow geese collected in 1985 with empty intestinal tracts was 
significantly higher than expected in the early morning (Table 11) and significantly 
lower in the afternoon. Likewise, significantly fewer than expected had full 
intestinal tracts in the morning and a greater proportion than expected had full 
tracts in the evening (0500-0700 hrs). If the geese had fed continuously through the 
night, there should have been food in the intestinal tract of the 13 geese collected 
in the early morning. Ten of these geese (77%) had empty intestinal tracts and had 
not fed for at least 2 hours prior to being shot. Had the geese fed in a manner 
similar to their daytime feeding pattern, a higher proportion would have had partially 
filled tracts. 

Table 11. Observed and expected number of collected snow geese possessing full, 
empty, or partially filled intestinal tracts, Arctic National Wildlife 
Refuge, Alaska, August-September 1985. 

Time of Da:y 
0500-0700h 0701-lOOOh 1200-2100h 

Gut Fill a Obs Ex:Q (X~} Obs Ex:Q (X~} Obs EX:Q (X2} 

Empty 10 2.9 (17. 3)bc 6 6.7 (0.1) 1 6.7 (4.9)c 
Partially Filled 3 5.0 (0.8) 18 ll.8 (3.2) 8 12.2 (1. 4) 
Full 0 5.1 (5.l)c 7 ll.8 (2.0) 23 12.6 (8.5)c 

8 Empty tracts defined < 20 g wet weight; 
Full > 100 g, and partially filled 20-100 g in the small intestine 

bChi-square value in parenthesis, total Chi-square= 43.3, df = 8, P < 0.005 
csignificantly different (P < 0.05, df = 1) 

Both age classes showed a diurnal pattern of significantly more (P < 0.01) feeding 
(grubbing + searching behavior) during the early morning and evening, and 
significantly less feeding and increased resting and preening behavior in the 
afternoon (Table 12 and 13). The diurnal pattern of juveniles varied less than 
adults. In juveniles, significantly less time was spent grubbing in late morning 
and less time was spent searching in the afternoon than other time periods. 
Loafing, resting, and preening also occupied significantly more time in the 
afternoon. Juvenile geese fed 75.7%± 3.4 of the early morning, 75.1%± 4.7 of the 
late morning, 67.2%± 4.2 of the afternoon and 75.9%± 7.8 of the evening hours. 

In adults, resting occupied significantly more time in the afternoon than other 
periods and more time in the late morning than during early morning or evening 
(Table 13). Searching activity was higher in the early morning and loafing was 
more prevalent in the late morning. Adult geese preened less in the early morning 
and evening than in the midday hours. Total feeding time averaged 58.8%± 7.3, 
48.3%± 3.4, 46.8%± 3.5 and 59.5%± 5.0 from early morning to evening time blocks. 

As a flock behavior, flying time was not separated between age classes. Snow 
geese flew an average of 0.94 h per day (Table 13) with significantly more flying 
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time in the early morning (10.3%) when geese were flying out of roosts to feeding 
sites, than in the late morning (3.6%), the afternoon (S.S%) or the evening (6.2%). 

Table 12. Percentage of time (mean ± Sd) juvenile snow geese spent in various 
activities, by 4-hour time block, Arctic National Wildlife Refuge, 
Alaska, fall 1984-198S 

Time of Day {N2 
Behavior OS00-08S9(S2 0900-12S9 (102 1300-16S9{92 1700-20S9{62 

Resting 2.6 ± 2.2 4.7 ± 1.9 8.0 ± 2. sab 0.1 ± 0.4c 
Preening 2.3 ± 0.7 4.4 ± 2.2 7.S ± l.S S.7 ± 1. sac 
Alert 0.9 ± o.s 1.6 ± 0. 6a 3.0 ± 0.7 2.0 ± 0.1 
Grubbing 47.2 ± 2.3 44.0 ± 2. 6a S3.1 ± 2.6b S0.6 ± s .1 b 
Searching 28.S ± 2.S 31.2 ± 3.9 14.1 ± 3.3 2S.3 ± S. 9c 
Loafing 1.4 ± 0.6 l.S ± 0.3 2.S ± 0 .4b 1.3 + 0.4c 
Social 0 0.4 ± 0.2 0.1 ± 0.0 0 
Walking 6.4 ± 1.7 7.7 ± 2.3 6.2 ± 1.2 8.8 ± 2.6 
Flying 10.3 ± 2.0 3.6 ± 0. 7a S.S ± 1. 3a 6.2 ± 4.4b 

asignificantly different (P < 0.01) than value in first column 
bSignificantly different (P < 0.01) than value in second column 
csignificantly different (P < 0.01) than value in third column 

Table 13. Percentage of time (mean ± SO) adult snow geese spent in various 
activities, by 4-hour time block, Arctic National Wildlife Refuge, 
Alaska, fall 1984-198S. 

Time of Day {N2 
Behavior OS00-08S9(62 0900-12S9{122 1300-16S9{92 1700-20S9{82 

Resting 7.S ± 3.9 12.9 ± 2. 7a 16.4 ± 3. sab 6.3 ± 2 . 8bc 
Preening 2.8 ± 2.S 9.7 ± 1. sa 10.2 ± 2. 8a S.4 ± 1. 2bc 
Alert 13.7 ± 6.1 16.S ± 2.2 13.7 ± 2.1 12.8 ± 3.6 
Grubbing 40.9 ± 6.3 38.1 ± 2.S 38.0 ± 3.2 48.9 ± 4 . 6abc 
Searching 17.9 ± 3.6 10.1 ± 2. 3a 8.9 ± 1.4a 10.6 ± 2. oa 
Loafing 2.0 ± 0.7 3.4 ± 0 .4a 2.S ± 0.7 2.1 ± 0. 7b 
Social 0.6 ± 0.2 0.7 ± 0.3 0.2 ± 0 .lab 0.9 ± 0. 3c 
Walking 4.2 ± 0.6 S.3 ± 1.0 4. 6 ± 1.0 6.7 ± O. 7abc 
Flying 10.3 ± 2.0 3.6 ± 0. 7a s.s ± 1. 3a 6.2 ± 4.4b 

asignificantly different (P < 0.01) than value in first column 
bsignificantly different (P < 0.01) than value in second column 
csignificantly different (P < 0.01) than value in third column 

In order to compare juvenile and adult time budgets over the entire day, weighted 
percentages were conver.ted to hours (Table 14). Juveniles spent significantly more 
time grubbing for food, searching for food, and walking than adults. Juveniles 
also spent significantly less time resting, preening, loafing, alert, and in social 
interactions than adults. Total feeding time in juveniles (11.7± 0.8 hrsjday) was 
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3.6 hours more than adults (8.1± 0.4 hrsjday). Juveniles spent 1.6 hours more per 
day extracting food (grubbing) and 2.1 hours more per day searching for food than 
adults. Searching occupied 33.2% of total feeding time in juveniles compared to 
only 22.6% in adults. 

Table 14. Estimated number of hours per day spent by fall staging snow geese in 
various activities, Arctic National Wildlife Refuge, Alaska, 1984-1985. 

Age Class 
Adults Juveniles 

Behavior mean Sd mean Sd 

Resting (daytime)a 1. 85*b 0.28 0. 73 0.19 
Preening 1. 23* 0.19 0.81 0.15 
Alert 2.31* 0.27 0.35 0.06 
Grubbing (feeding) 6.51* 0.33 7.83 0.27 
Searching (feeding) 1. 83* 0.21 3.89 0.37 
Loafing 0.42* 0.05 0.28 0.04 
Social Interaction 0.09* 0.02 0.02 0.01 
Walking 0.82* 0.08 1.13 0.16 
Flying 0.94 0. 20 0.94 0.20 
Nighttime Roostingc 8.00 8.00 

aNumber of observation periods: Adults = 35, Juveniles 30 
b* Significantly different than adjacent mean (P < 0.01) 
cAssumed activity during hours of darkness 

Discussion 

The diet of snow geese on the refuge coastal plain was highly monotypic and not 
closely related to availability. In 67 vegetative cover plots sampled on the ANWR 
staging area by others (Walker et al. 1983, Burgess 1984, Felix et al. 1987), 
common cottongrass was similar to Carex sp. (species other than water sedge) in 
abundance (percent cover) but only 9-67% of the cover value of water sedge in most 
habitats. The highly selective preference of snow geese for common cottongrass 
may have been due to energy or nutrient gain in relation to handling time (Krebs 
and Cowie 1976), or to unpalatability of other foods from tannins, alkaloids, 
phenolics, terpenoids or high silicon content (Swain 1977, Westoby 1978, Rosenthal 
and Janzen 1979, Buschbaum et al. 1984). 

The reliance of fall staging snow geese on cottongrass may have a far reaching 
influence on their distribution during the staging period. Aerial surveys over 
the last 12 years have shown high annual variability in the numbers of geese 
using the refuge coastal plain, and irregular patterns of use within any one area 
(Oates et al. 1987). Because geese feeding on common cottongrass remove the entire 
plant, food stocks may be depleted in heavily used areas and may not be renewable 
on an annual basis; a hypothesis that may explain the lack of consistent use of 
specific locations by geese. Cottongrass shoots may live 5-7 years (Chapin et al. 
1980), but the period required for replacement of removed plants is unknown. 
Thomas and Prevett (1980) hypothesized that because geese have excellent visual 
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discrimination in the green portion of the spectrum (Kear 1964), they may detect 
zones of underground bulbs from the air by the green shade of the surface leaves. 
Geese traversing the north slope to the west may be capable of detecting food 
abundance and competition for that food from the air and may overfly less desirable 
foraging areas. Therefore, the number of geese which reach the outer edge of the 
staging grounds (ANWR) may be a reflection of both population size and food 
abundance to the east. 

Time budgets showed that the geese spend the rnaj ori ty of the daylight hours 
feeding, and that juveniles may have maximized the amount of time they fed. 
Juveniles foraged longer, but gained less weight, and were apparently less 
efficient at locating and extracting cottongrass stern bases than adults. Most 
cottongrass plants without flower heads superficially resemble Carex 2£ .. Thus, 
cottongrass may have been difficult to recognize for the inexperienced juveniles. 
Also, the smaller juveniles may have been less able to exert the strong pulling 
action required to remove the underground stern bases. Despite inefficient 
foraging, juvenile snow geese increased their fat reserves by 3 to 4 fold during 
the staging period. A shorter staging period in 1985 resulted in lower but 
adequate fat reserves in juveniles, an indication that factors which decrease the 
total feeding time available to juveniles, such as early winter storms or aircraft 
disturbance, may reduce fat accumulation below adequate levels. Other factors such 
as frozen ground, and early or late breeding seasons may also affect final 
prernigratory fat reserves. 

Snow geese arriving on the coastal plain used highly nutritious food sources that 
allowed a high level of feeding efficiency and fat gain. The assessment, 
prevention or mitigation of impacts on snow geese staging on the ANWR coastal 
plain will require a thorough knowledge of their habitat needs and other factors 
which affect the distribution of geese during staging. Information on food 
preferences through the comparison of food selection and availability are needed 
as a first step in understanding habitat use by geese on the coastal plain. In 
conjunction with food preference, variability, both spatially and temporally, in 
nutrient quality of available forage needs investigating if habitat use and annual 
distribution are to be understood. Other factors which affect the distribution 
of geese during staging such as weather or the number of juveniles in the 
population need investigating. 
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ANWR Progress Report No. FY86-4 

Distribution and relative abundance of golden eagles in relation to the 
Porcupine caribou herd during calving and post-calving periods, 1985. 

Francis J. Mauer, U.S. Fish and Wildlife Service, Arctic National Wildlife 
Refuge, Fairbanks, Alaska. 

Abstract: Distribution and abundance of golden eagles (Aquila chrysaetos) 
in relation to calving and post-calving activities of the Porcupine caribou 
(Rangifer tarandus) herd were documented by compiling records of incidental 
observations made by various field personnP-1. The status of golden eagle 
production at nest sites adjacent to caribou calving and post-calving areas 
was determined by aerial and ground surveys. A total of 336 observations 
(400 eagles) were recorded between 7 April and 26 September 1985. The ratio 
of sub-adults to adults was 3.4:1 for those observations when age was 
determined (n=240). Sixty-eight percent of recorded observations were made 
in areas of current or recent caribou occupation. Golden eagles were 
observed either feeding or perched at caribou calf carcasses on 15 ( 4. 5%) 
occasions and were at adult caribou carcasses on 8 (2.4%) occasio~s. 

Necropsy investigations confirmed that predation by golden eagles was most 
probable cause of death in 9 of 25 calf carcasses examined. Concentrations 
of golden eagles in caribou areas occurred during the late calving 03-19 
June) and post-calving (20-30 June) periods when 8.1 and 12.4 eagles 
sightings/24 h occurred. Only l out of 10 eagle nest sites adjacent to 
caribou calving and post-calving areas produced young in 1985. 
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ANWR Progress Report No. FY86-4 

Distribution and relative abundance of golden eagles in relation to the 
Porcupine caribou herd during calving and post-calving periods, 1985. 

Predation of caribou ( Rangifer tarandus) calves by golden eagles (Aguila 
chrysaetos) has been documented in several caribou herds located in Alaska 
and Canada (Murie 1944, Skoog 1956, Kelsall 1968). An apparent 
concentration of primarily immature golden eagles in association with 
calving and post-calving segments of the Porcupine caribou herd has been 
reported (Calef and Lortie 1973; Roseneau 1974; Schweinsburg 1974; Roseneau 
and Curatolo 1976; Mauer et al. 1983; Whitten et al. 1984, 1985 and l98n; 
Mauer 1985). Cases of golden eagle predation on Porcupine herd calves have 
also been recorded on a regular basis (Roseneau and Curatolo 1976, Mauer et 
al. 1983; Whitten et al. 1984, 1985 and 1986). During recent investigations 
of Porcupine herd calf mortality, golden eagles were found to be involved as 
a predator or scavenger in 50% of the mortality occurring among 
radio-collared calves in 1982 (Mauer et al. 1983). In a three year study of 
neonatal calf mortality in the Porcupine caribou herd (1983, 1984, and 
1985), predation by golden eagles accounted for 60%, 25%, and 33% of natural 
mortality among radio-collared calves, respectively, during the period 2 
June to 15 July (Whitten et al. 1984, 1985, 1986). However the effect of 
golden eagle predation on calf survival rates of the Porcupine herd cannot 
be adequately assessed until more information is obtained regarding eagle 
abundance and distribution. Further information regarding golden eagle 
predation and scavenging behavior is also needed. 

In 1984, field studies were initiated to obtain improved information on the 
ecology of golden eagles on the Porcupine caribou herd's calving grounds. 
The initial objectives were: 

1) Determine relative abundance and distribution of golden eagles 
associated with calving and post-calving caribou. 

2) Determine temporal aspects of golden eagle occurrence on the 
northern portion of the Arctic National Wildlife Refuge. 

3) Measure productivity of golden eagle nest sites adjacent to caribou 
calving and post-calving areas. 

The results of 1984 investigations were reported by Mauer ( 1985). Golden 
eagle investigations were carried out a second year during April-September 
1985 as a part of a comprehensive set of baseline studies of the fish, 
wildlife, and habitats of the coastal plain of Arctic National Wildlife 
Refuge. 

Methods and Materials 

The study area consisted of the arctic coastal plain, foothills, and 
northern mountains of the Brooks Range in the Arctic National Wildlife 
Refuge from the Canning River on the west to the US-Canada internation8.l 
boundary and in to Canada to the Babbage River (Fig. 1). The physical 
environment, climate, geology, vegetation, and other biological resources of 
this area were described in Wilken et al. (1981) and U.S. Fish and Wildlife 
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Service 0982). Distributions of caribou within the study area were based 
on information obtained during concurrent caribou investigations (Whitten et 
al. 198fi). 

Observation Records. Observations of golden eagles were collected from 
observers associated with biological field studies underway in the study 
area during April-September 1985. Ground crews, engaged in terrestrial bird 
inventories, recorded golden eagle observations around base camps located 
near the Sadlerochit River delta, the Jago River delta, Jago River 
foothills, near the foothills of the Aic(]ilik river, on the coastal plain 
near the Niguanak, Okpilak,and Katakturuk rivers and Marsh Creek (Fig. l). 
Observations of golden eagles were also recorded by biologists conductinu; 
aerial radio-tracking surveys, and other aerial operations associated with 
caribou sbdies ( 'tJhit ten et al. 1986) • During the period of 29 May to l 
July 1985, aerial surveys flown over caribou were conducted on a daily basis 
and averaged about 3 h/day over areas associated with caribou. Crews 
engaged with brown bear and wolf capture operatio:1s and radio-telemetry 
surveys also recorded observations of golden eagles. A few additional 
observations were recorded by fisheries study crews and a raptor/endangered 
species inventory (Amaral 1986). 

All reported sightings of golden eagles in the study area were compiled in a 
systematic manner recording: datA, location, number of eagles sighted, age 
classification (adult/immature), activity (flying, perched, feeding), Rnd 
the presences or absence of caribou. Locations were plotted on 1:63,360 and 
1:250,000 scale topographic maps. The presence of white coloration on the 
under-wings and the base of the primary feathers of the tail was the 
criteria used to distinguish immature birds. 

Nest Surveys. Previously identified golden eagle nest sites (Roseneau 1973, 
1974, Gill and Amaral 1984, Amaral and Benfield 1985, Mauer 1985) occurring 
in or adjacent to calving and post-calving areas of the Porcupine herd were 
surveyed during 23 May - 11 July 1985, from fixed-wing aircraft (Boeker 
1970), hAlicopter (White and Sherrod 1973), or from ground access. New nest 
sites recorded during the 1985 season were also surveyed. Productivity was 
determined according to the following definitions proposed by Postupalsky 
0974): 
Breeding Area: an area containing one or more nests within the range of one 
mated pair of birds. 
Occupied nest: one at which a mated pair of eagles was present at the nest, 
had repaired the nest, and/or had laid eggs, as determined by an adult in 
the incubation or brooding posture, observed eggs, or young. 
Active nest: an occupied nest in which eggs were laid, as determined by an 
adult in incubation or brooding posture, or observings eggs or young. 
Successful nest: those nests in which at least one young was raised to the 
age of fledging. 
Brood size: the number of young at the age of fledging per successful nest. 
Productivity: the number of these young per occupied or active nests, 'ls 
indicated. 
Alternate nest: an occupied nest within the breeding; area of one pair of 
eagles. 
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Results and Discussion 

Observation Records. A total of 400 golden e~gles were sighted during 336 
observations (1.2 eagles/observation) made from 7 April to 26 September 1985 
on the Porcupine caribou herd calving grounds, post-calving areas, and 
adjacent areas. Due to the high level of observer effort involved, it is 
likely that an unknown number of e~gles were observed repeatedly during the 
study period. Of the observed eagles which could be classified according to 
age (n=240), 78% (186) were sub-adult and 22% (54) were adult birds. There 
were 160 unidentifiable eagles recorded. Similar proportions, 86% and 89% 
of sub-adult golden e~gles were reported in observations made during 1975 
and 1984 on the calving and post-calving areas of the Porcupine caribou herd 
(Roseneau and Curatolo 1976, Mauer 1985). 

Most observations of golden eagles (68%) were recorded in areas currently or 
recently occupied by caribou (Figs. 2-5). In areas unoccupied by large 
numbers of caribou, the frequency of reported golden eagle sightings was low 
and there was no indication of eagle concentrations in these areas (Figs. 
2-5). Observer effort was greatest in caribou areas and may have biased the 
results somewhat. The frequency of golden e~gle observations recorded in 
1985 followed a pattern similar to that of 1984 (Mauer 1985). Observations 
steadily increased after the peak of caribou calving and reached the highest 
level during the post-calving period (20-30 June, Fig. 6). The aggregation 
of caribou during this time frame coincided with increased frequency of 
eagle observations. The increased frequency of eagle observations during 
this time period coincided with the greatest abundance of caribou and when 
caribou were aggregated into large groups. 

Golden eagles were observed either feeding or perched at caribou calf 
carcasses on 15 occasions and were at adult carcasses on 8 occasions (Fig. 
7). The highest level of eagle observations at adult caribou carcasses 
occurred during the calving period (27 May - 12 June). :r:t is likely that 
mortality factors associated with parturition may result in a relative 
abundance of adult caribou carcasses at that time. The number of eagle 
sightings at calf carcasses reached its highest level during the 
post-calving period (20-30 June). Observations of more than l 
eagle/sighting were also most prevalent during the 20-30 June period due to 
the increase in carcass feeding. Many of the sightings of eagles at caribou 
carcasses were made from fixed-wing aircraft in locations lacking access on 
the ground. Consequently most carcasses could not be investigated. 
Predation by golden eagles was the most probable cause of death in 9 of 25, 
( 36%) caribou calf carcasses that were examined. These results are biased 
towards golden eagles because the presence of golden eagles at carcass sites 
enhances detection. Three of 9 mort ali ties ( 33%) among 60 radio-collared 
calves were the result of golden eagle predation (Whitten et al. l981S). 
Golden eagle predation on a caribou calf was documented as late as 30 June. 

Golden eagles were observed with other predator/sc.avenger species on 5 
occasions (Appendix l). hlol ves (Canis lupus) were involved in 3 cases and 
brown bears (Ursus arctos) in 2 cases. One observation was made of a golden 
eagle feeding on a willow ptarmigan (Lagopus lagopus). Observations of 
adult bald eagles ( Haliaeetus leucocephalus) were recorded for the second 
consecutive year on the Kongakut River. An abundant population of arctic 
char in this river may provide a food source for bald e~gles. 
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Nest Surveys 
A total of 21 nest sites were investigated in 1985 by this study and that of 
Amaral (1986). Ten nest sites occurred within or adjacent ( 25 km) to areas 
used by calving and post-calving caribou of the Porcupine herd, and ll sites 
were located 25-80 km beyond caribou use areas (Fig. 8). Nine sites were 
unoccupied and 12 were occupied (Table l). Of the occupied nest sites, 6 
were active (incubation and/or eggs present). Young were present at 2 
sites, no young were produced in 2 other active sites and the ultimate 
status of the remaining 2 sites was not determined. The actual number of 
young fledged was not determined due to logistical limitations during August. 

Table l. Productivity status of golden eagle nests investigated in 1985 
relative to distribution of the Porcupine caribou herd during the 
calving/post-calving period. 

Sites Associated Sites not Associated 
with Caribou with Caribou 

Unoccupied 
Occupied 
Active 
Success full 
Occupied sites/total sites 
Active sites/total sites 
Successful sites/active sites2 
Successful sites/occupied sites 
Young/active site 
Young/occupied site 
Young/successful site2 

}~ 

() 

3 
l 

0.60 
0.30 
0.50 
0.17 
0.66 
0.33 
2.0 

5 
6 
3 
l 

0.56 
0.27 
0.50 
0.17 
0.33 
0.17 
1.0 

Total 

9 
12 

6 
2 

0.57 
0.29 
0.50 
0.17 
0.50 
0.25 
1.5 

I Assumes that young observed on 16-20 June (Amaral 1986) and ll July 
(this study) survived to fledge. 

2 Includes only sites where productivity were confirmed (n=4). 

In general, the productivity of golden eagles in 1985 was similar to that of 
1984 (Mauer 1985), and lower than that reported by Roseneau 0974) for 
1973. Because of the low number of nests with young present, any possible 
association between productivity and caribou as a food item is not clear. A 
nest site discovered directly adjacent to calving and post-calving habitats 
may yield additional information in future years. Direct observation of 
food delivery at such sites, as well as collection/analysis of pellets and 
prey remains will yield information on the caribou-eagle food chain. 

The data presented in this report represents a compilation of observations 
collected primarily in Alaska during 1985. Additional nest sites exist in 
adjoining areas in Canada and in the mountainous region of the eastern 
Brooks Range in ~laska. In the future, a more comprehensive, regional 
survey of golden eagle nests should be conducted to provide a better 
over-all understanding of productivity and ultimately, population status. 
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More work needs to be done to determine the numbers of eagles associated 
with caribou calving areas and to assess the effects of eagle predation on 
herd dynamics. Further information should also be collected on eagle 
killing rates/behavior on the calving ground, effects of alternative food 
resources, and golden eagle movements and migration routes from wintering 
areas to the caribou calving grounds. 
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Appendix Table l. Observations of golden eagles on tl-te northern portion of the Arctic National Wildlife Refuge, Alaska and northwestern 
Canada, spring and summer 1985. 

Observ8.tj.o:1 Date Locationa Adult Sub-adult ub Activityc Cariboud Typee Remarks 
!I 

7 Apr Marsh Fk Canning (M) l l 
2 7 Apr Canning R (M) 2 p 1 Ungulate carcasss 
3 7 Apr Mt. Copleston (M) l 
4 8 Apr Aicholik (M) 2 l 
5 24 May Okerokovil.: (F) l p + l 
!i 26 Mav Ep;al.:srak (F) 2 F + 1 
7 27 May Aichilik (F) l p + 1 Adult & calf carcass 
8 29 May Konp;akut (F) l F + l 
9 30 May Okerokovik (F) l + 

10 30 May Aichclik (F) l l 
ll ~l Mny Malcolm 01) l F + l 

"' 12 31 May Ritty (CP) + l ,_... 
,_... n l Jun Angun (CP) l p l 

14 l Jun Aich;lik (F) p + 1 Same as II 7 
15 l Jun Spring R (CP) l p + 
16 l Jun Roland Cr. (CP) l p + 
l7 l Jun Malcolm Delta (CP) l p + 
18 l Jun Ja11;o (F) F + 2 
19 2 Jun Sadlerochit Delta (CP) l F 3 
20 3 Jun Konp:akut (F) l F + l 
21 < Jun Niguanak (CP) l F + 3 
22 4 Jun Si.ksikpalak (F) l + l 
23 4 Jun Kongakut (F) l + 
24 ') Jun Jago (F) l F + 

25 ') Jun Hula hula (M) l F l Near Dall sheep 
2n fi Jun Aicl1· lik (F) l p + l Calf carcass 
27 5 Jun Aichilik (F) l p + l Near adult caribou carcass 
28 fi Jun Jap;o (CP) p + l Near adult caribou carcass 
29 6 Jun Aichilik (F) p + 2 caribou calf carcasses 
30 6 Jun Aichilik (F) l F + l 
31 7 Jun AichiHk (CP) l p + l 



Observation Date Locationa Adult Sub-adult ub Activityc Cariboud Typee Remarks 
II 

12 7 Jun Aicl1i l ik (F) l p + 1 
33 7 Jun Jago (CP) 1 + 1 
34 7 Jun Jago (F) 1 + 2 
35 7 Jun Aichil'k (CP) 1 F + 1 
36 8 Jun Aichi lik (F) l + 
37 8 Jun Turner (F) 1 p + l Bear on caribou carcass 
38 8 Jun Okerokovik (F) 1 p + 1 Adult caribou carcas:· 
39 8 Jun Aichil' k (CP) 1 F + 1 
40 8 Jun Ai2h' lil< (CP) 1 F + 1 
;11 8 Jun Aichil Lk (M) 2 p 4 ( 1) bird incubating 
42 8 Jun Ai2h' lik (CP) l F + 3 
'n g Jun Egaksrak (CP) 1 F + 2 
44 9 Jun Jago (CP) 1 F + 
IJ5 9 Jun Kongukut (F) 1 F + 2 .,. 46 9 Jun Aichilik ..... (F) 1 p + l 

N ·'J7 9 Jun Aichil i I< (F) 1 p + 1 Caribou calf carcass 
IJ8 9 Jun Aic~h' lik (F) 1 p + 1 Caribou C"l1f carcas 
49 9 Jun Aichil Lk (F) 1 F + 1 
so q Jun Aichi1ik (M) 1 F 4 
')l g Jun Aichil' i( (M) 1 F 4 
52 9 Jun Aid,--lik (M) 1 1 F 4 
53 9 Jun Aichil i.k (M) l F 4 
')4 9 Jun Ai2h;lik (M) 1 1 F 4 
'55 q Jun Marsh Cr. (CP) l F 3 
56 9 Jun Niguanak (CP) 2 F + 3 
')7 10 Jun Ol<erokovik (F) 1 F + 1 
58 10 Jun Aichilik U1) 2 F 4 
59 10 Jun Aichi 1 H~ (F) 1 f + 4 
60 10 Ju~ Sil{Sikoalak (F) 1 F + 2 
61 10 Jun Kongakut (M) 1 F + 2 
62 10 Jun Egaksrak (F) 1 p + 2 
63 10 Jun Niguanak (CP) 1 p + 3 
64 11 Jun Okerokovik (CP) 1 p + 
65 ll Jun Aichilik (f) l p + 1 
66 11 Jun Kongakut (f) 1 p + l 



Observation Date Locationa Adult Sub-adult ub Activityc Cariboud Typee Remarks 
f.! 

67 ll Jun Akootoaktuk (CP) l p + 1 
68 ll Jun Egaksr'lk (F) l p + l 
fi9 ll Jun Jago (F) 1 p + 
70 ll Jun Ol<pilak (CP) p + 2 
7l ll (_Tun Jago (F) l F + 2 
72 ll Jun Jago (F) l F + 2 
'13 ll Jun Niguanak (CP) 1 F + 3 
74 12 ,Jun Okerokovik (F) 2 l 2 F + 2 
75 12 Jun Gwen (F) l F + 1 
76 12 Jun Okerokovik (F) 2 P/F + 1 
77 12 Jun Clarence (F) F + l 
78 12 Jun Okerokovik (F) l F + l 
79 12 Jun Okerokovil< (F) l p + l 
RO 12 Jun Okerokovik (F) 1 F + l 
81 12 Jun Aichi1 il< (F) l F + 1 .,_ 
82 12 Jun Aich', 1 ik (F) 1 p + l ..... ...., 
83 12 Jun Aichilil< (F) 1 p + l 
84 12 Jun Aich:'1ik (F) l p + 1 
:35 12 Jun Backhouse (F) 1 F + l 

86 12 Jun ~oland r.r.(CP) l F + 1 
37 12 Jun Malcolm (M) l F + 1 
88 12 Jun Sadlerochit (M) l F 4 
89 13 Jun Jago (F) 1 F + 2 
90 13 Jun Egaksrak (CP) 1 p + 2 Feeding on Ptarmigan 
91 13 Jun Okerokovik (F) l p + 2 
92 l3 Jun Jago (F) 1 p + 2 
'l3 n Jun Kongakut (F) 1 p + 1 
94 13 ,Jun Kongakut (F) l p + 1 
··s 13 Jun Jago (CP) 1 F + 3 
gf> 13 Jun Sadlerochit Delta (CP) F 3 
97 14 Jun Jago Delta (CP) l F + 3 
98 l'i Jun Kekiktuk (F) l F + 4 
99 1'i Jun Katakturuk (F) 1 l F 4 
100 l'i Jun Katakturuk (F) 1 p 4 Incubating 
lOl l'i Jun Sadlerochit (CP) 1 F + 4 



Observation Date Location a Adult Sub-adult u5 Activityc Cariboud Typee Remarks 
II 

102 15 Jun Okpirourak (F) l p + 1 Near wolf 
103 15 Jun Okerokovik (CP) 1 F + 1 
104 15 Jun Ekaluakat (F) F + 2 
105 15 Jun Aichil ik (F) l F + 2 
106 15 Jun Jago (CP) 1 F + 2 
107 15 Jun Okerokovik (F) 1 F + 2 
108 15 Jun Okerokovik (F) 1 F + 2 
109 15 Jun Okpirourak (F) 1 p + 2 
110 16 Jun Firth R 1 p + Incubating 
111 16 Jun Stokes (CP) l F + 1 
112 16 Jun Jago (CP) 1 F + 3 
113 16 Jun Sadlerochit Delta (CP) 1 F 3 
114 16 Jun Niguanak (CP) 1 F + 3 
115 17 Jun Jago (CP) 1 p + Near Holf 
116 17 Jun Tamayariak (CP) F + ? 

"' ll7 17 Jun Arctic Cr (F) l F + 2 ..... 
"' 118 17 Jun Carter Cr (CP) 1 F 5 

ll9 17 Jun Aichil ik (CP) 1 F + 3 
120 18 Jun Jago (F) 1 F + 
121 18 Jun Jago (CP) 1 F + 
122 18 Jun Okpilak (CP) 1 F + 1 
123 18 Jun Jago (F) 1 F + ? 
124 18 Jun Jago (F) l F + 2 
125 18 Jun Jago (F) 1 p + 2 Caribou calf carcass 
126 18 Jun Jago (F) l F + 2 
127 18 Jun Jago (F) p + 2 
128 18 Jun Aichilik (M) 1 + 5 
129 18 Jun Siksikpalak l p + 5 Adult caribou carcass 
no 18 Jun Aichi lik (CP) 1 F + 3 
131 19 Jun Niguanak (CP) 1 F + 
132 19 Jun Niguanak (CP) 1 F + 
133 19 Jun Kongakut (F) 1 F + 1 
134 19 Jun Okerokovik (F) 1 F + 
135 19 Jun Okerokovil< (F) 2 F + 1 Caribou calf carcass 
136 19 Jun Okerokovik (F) 1 F + 1 Near ;,olf 

-·- ·--· ~--· ·- .. - ··"--~ --~·~--.t.>.~........__,_~~·-- ea:r .... 



Observation Date Locationa Adult Sub-adult ub Activityc Cariboud Typee Remarks 
II 

137 19 Jun Okerokovik (F) 1 p + 1 
138 19 Jun Ekaluakat (M) 1 + 2 
139 19 Jun Achil i:< (CP) 1 1 F + 3 
140 20 Jun Okerokovik (F) 2 F + 1 
141 20 Jun Okerokovik (F) 1 F + 1 
142 20 Jun Jago (CP) 1 F + 2 
143 20 Jun Jago (F) 1 F + 2 
144 20 Jun 01<pi1ak (F) 2 F + 2 
145 20 Jun Aichi1 ik (CP) 1 p + 2 
146 20 Jun Okerokovik (F) 1 F + 2 
147 20 Jun Okerokovik (F) 1 F + 2 
148 20 Jun Jago (F) 1 F + 2 
149 20 Jun Okerokovik (F) 1 F + 2 
150 20 Jun Jago (F) 1 F + 
151 21 Jun Okerokovik (F) 1 F + 2 

~ 152 21 Jun Jago (CP) 1 F + 2 ..... 
"' 153 21 Jun Jago 1 F + 2 

154 21 Jun Okoi1ak (F) l F + 1 
155 21 Jun Jago (F) 1 F + 
156 21 Jun Egaksrak (F) 1 p + 1 
157 21 Jun Jago (CP) l F + 3 
158 21 Jun Katakturilk (CP) F 3 
159 22 Jun Aichilik (CP) 2 F + 3 
160 22 Jun Okerokovik (CP) 3 F + 3 
161 22 Jun Niguanak (CP) 1 F + 3 
162 22 Jun Niguanak (CP) 1 F + 3 
163 22 Jun Kongakut (M) 1 6 
164 23 Jun Hulahu1a (CP) 1 p + 1 Carihou calf carcass 
165 23 Jun Kongakut (CP) 1 p + 
166 23 Jun Niguanak (CP) 1 F + 2 
167 23 Jun Niguanak (CP) 1 F + 2 
168 23 Jun Okerokovik (M) 1 F + 2 
169 23 Jun Jago ( CP) 1 F + 3 
170 24 Jun Okerokovik (CP) 1 F + 2 
171 24 Jun Hulahu1a (CP) 2 p 1 Caribou calf carcass 



Observation Date Locationa Adult Sub-adult ub Activity" Cariboud Typee Remarks 
II 

172 211 Jun Egaksrak (M) 2 p + Caribou calf carcass 
173 24 Jun Hula"JU1a (CP) 1 F + 1 
174 24 Jun Aichi lik (CP) F + 3 
175 24 Jun Jago (CP) 1 p 3 
176 24 Jun Niguanak (CP) l F + 3 
177 2'5 Jun Egaksrak (F) l F + 2 
178 25 Jun Okerokovik (CP) 1 p + 2 
179 25 Jun Okerokovik (CP) 1 p + ? 
180 25 Jun Aich'lik (F) F + 2 
181 25 Jun Aichilik (F) 1 F + 2 
182 25 Jun Egakarak (F) 1 F + 
183 2'5 Jun Siksikpalak (F) 7 p + CCJribou calf carcass 
184 25 Jun Turner (F) 1 F + 
185 25 Jun Turner (F) 1 F + l 
186 25 Jun El<aluakCJt (F) l F + 1 

I> 187 25 Jun Egaksrak (F) l F + ? ..... 
a- 188 25 Jun Jago (CP) 1 F 3 

189 25 Jun Niguanak (CP) 1 F 3 
190 26 Jun Kongakut (F) 1 F 3 
191 26 Jun Backhouse (CP) l F + 3 
192 26 Jun Kongakut (CP) 4 p + 3 Caribou calf carcass 
193 26 Jun Siksikpalak (F) F + 3 
194 26 Jun Siksikpalak (F) 1 p + 3 
195 26 Jun Kongakut (F) 1 F + 3 
196 26 Jun Siksikoahk (F) 1 p + 3 Near ill caribou-female 
197 26 Jun EkaluO!kRt (F) 1 F + 3 
198 26 Jun ElmluakCJt (F) 1 F + 3 
199 26 Jun EkaluC1kat (F) l F + 3 
200 26 Jun Aich'lik (F) 1 F + 2 
201 26 Jun Egakarak (F) 1 F + 2 
202 26 Jun Ekaluakat (F) l F + 2 
203 27 Jun Angun (CP) l p + 1 
204 27 Jun Craig Cr (F) 1 p + 
205 27 Jun Siksikpalak (F) 1 p + 
206 27 Jun EgaksrCJk (CP) 1 p + 
207 27 Jun Niguanak (CP) 2 F 2 



Observation Date Locationa Ajult Sub-adult ub Acti vityc Cariboud Typee Remarl<s 
II 

20R 27 Jun Ekaluakat (F) 1 F + 2 
?09 27 Jun Turner (F) F + 2 
210 27 Jun Turner (F) 1 F + 2 
211 28 Jun Cannin~ (CP) 1 F + 7 
212 2R Jun Jago (CP) 1 F 3 
213 29 .Tun Egaksrak (CP) 1 p + 1 
214 29 Jun Egaksrak (CP) 2 F + 1 
21~ 29 Jun Siksikpa1ak (F) 4 p + 1 Caribou calf carcass 
n6 29 Jun Ekaluak8t (F) 1 p + 1 Caribou calf care as~; 
217 29 Jun Niguanak (CP) 1 p + 1 
218 29 Jun Niguanak (CP) 1 F 2 
219 29 Jun Niguanak (CP) 1 p 2 
220 29 Jun Niguanak (CP) 1 p 2 
221 29 Jun Angun (CP) 1 p 2 
222 29 Jun Anf';un (CP) p 2 

~ 223 29 Jun Aichilik (CP) l p 2 ...... 
?24 29 Jun Egaksrak (CP) 1 p + ? 
225 29 Jun Siksikpalak (CP) l p + 2 
226 29 Ju:-J Sil<sik;Ja1ak (CP) l p + ? 

227 29 Jun Sikc;ikpalak (CP) 1 p + 2 
228 29 Jun Kongakut (CP) + 2 
229 29 Jun Aichilil' (CP) 1 1 F + 3 
230 30 Jun Ek;,luakat (F) l F + 1 
231 30 Jun Sil<sikpala'< (F) 1 p + 1 
232 30 Jun Aichi 1 ik (F) 1 p + l Caribou calf carcass 
233 30 Jun Kono;akut (F) 1 F + l 
234 30 Jun Kongakut (F) 1 F + 1 
235 30 Jun Aichi l c '' 

(F) F 1 
236 30 Jun Aichi lik (F) p l 
237 30 Jun Aichilik (F) F 1 
?38 30 ,Tun Ja!';O (CP) p 2 
239 30 Jun Acihilik (F) 1 p 2 
240 30 Jun Clarence (CP) 1 p + 2 
241 30 Jun KongRkut (M) l F + 2 
24? 30 ,Jun Kongakut (M) ? F + 2 



Observation Date Locationa Adult Sub-adult ub Activitvc Cariboud Typee Remarks 
II 

243 30 Jun Siksikpa1ak (M) l p + 2 
244 30 Jun Egaksrak (M) l F + 2 
245 30 Jun Egaksrak (M) l p + 2 
246 30 Jun Aicili1lk (M) l p + 2 
247 30 Jun Aichilik (M) 1 p + 2 
248 30 Jun Okerokovik (F) 1 F 2 
249 30 Jun Jago (CP) 1 F 3 
250 30 Jun Niguanak (CP) l F 3 
251 1 Ju1 Kongakut (CP) l F + 2 
252 l .Ju1 Aich'1ik (F) l p + 2 
253 l Ju1 Aichi1ik (F) p + 2 
254 l Jul Aichilik (F) l F + 2 
255 l Jul Niguanak (CP) 1 F 3 
256 2 .Jul NiguanC~k (CP) l F 3 
257 3 Jul Aichil i.k (F) 1 F + 8 

~ 258 3 .Jul Kongakut (M) l F + 8 ,_. 
co ::'59 3 Ju1 Kongakut (M) 2 F 

260 4 Ju1 Clarence (F) + 2 
261 4 ,Jul Clarence (F) 1 F + 2 
262 5 .Jul Kongak11t (M) l F + 1 
263 5 Ju1 Katakturuk 1 3 
264 5 .Jul Niguanak (CP) l F 3 
265 6 Jul Pokok (CP) l F 2 
266 6 Ju1 Niguan'lk (CP) l F 3 
267 7 Jul Saderochit (CP) l F 2 
268 7 Jul Kongak11t (CP) 2 p + 2 
259 7 Jul Kongakut (F) 1 p + 2 
270 7 Jul Kongakut (F) l F + 2 
::'71 7 Ju1 Kongakut (F) l F + 2 
272 7 .Jul Turner (F) 12 p + 2 Adult caribou carcass 
273 7 Jul Turner (F) 2 F + 2 
274 7 Jul Clarence (F) 1 F + 2 
275 7 Ju1 Kongakut (F) F + 2 
276 7 Jul Kongakut (F) l F + 2 
?.77 7 Ju1 Kongakut (M) 1 F + 2 



Observation Date Locationa Adult Sub-adult ub Activityc Cariboud Typee Remarks 
II 

278 7 Jul Jago (M) l F + 2 
279 7 Jul Jago (CP) 1 F 3 
280 7 Jul Sadlerochit Delta (CP) 1 F 3 
281 8 Jul Jago (CP) l F 3 
282 8 Jul Jago Delta (CP) 1 F 3 
283 q Jul Jago (CP) 1 F 3 
284 9 Jul Sadlerochit Delta (CP) 1 F 3 
285 q Jul Niguanak (CP) l F 3 
28fi 10 Jul Clarence (F) 1 F 4 
287 10 Jul Kongakut (F) l F 4 
288 10 .Jul Ekaluakat (CP) l F 4 
289 10 Jul Aichil ik (CP) F 3 
290 10 Jul Kongakut (F) l F 4 
291 10 Jul Kongakut (F) l F 4 
292 11 Jul Clarence CP) l F 2 

~ 293 11 Jul Ekaluakat (F) 1 F 2 ,..... 

"' 294 11 Jul Egaksrak (F) 1 F 2 
295 11 Jul Aichilik (CP) q p + 2 Adult carcass & B. bear 
296 11 Jul Aichilik (CP) l F + 2 
297 11 Jul Angun (CP) l F 2 
208 11 Jul Karen Cr (F) l p 4 Near vacant nest 
299 11 Jul Kongakuk (F) 2 F 4 
300 11 Jul Jago (CP) l F 3 
iOl 12 Jul Jago (CP) l F 3 
302 12 Jul Niguanak (CP) l F 3 
303 15 Jul Karen Cr (F) l F 6 
304 15 Jul Niguanak (CP) l F 3 
305 16 Jul Aichil i_k (F) l F 3 
30fi 20 Jul Jago (CP) l F 3 
307 22 Jul Niguanak ( CP) l F 3 
308 23 Jul Jago (CP) l F 3 
309 23 Jul Niguanak (CP) l F 3 
310 24 Jul Sadlerochit Delta (CP) l F 3 
311 24 Jul Niguanak ( CP) l F 3 
312 26 Jul Marsh Cr (CP) l 3 



Observation Date Locatio:1a Adult Sub-adult u5 Activityc Cariboud Typee Remarks 
II 

313 30 Jul Schrader (M) 1 F + ? 

314 30 Jul Fire Cr (F) 1 F 2 
315 30 Jul Iz;nek Cr (F) 2 F 8 
316 2 Aug Canning (F) 1 F ' 317 6 Aug Karen Cr (F) p + 5 
318 6 Aug Niguan8.k (CP) 1 F 3 
319 7 Aug Aichi1ik (CP) 1 F 3 
j20 9 Aug Okerokovik F 3 
'321 10 Aug Niguanak ( CP) 1 'l 
322 10 Aug Niguanak (CP) 1 3 
323 13 Aug Canning (F) 1 F 5 
324 14 Aug Jago (CP) 1 F '1 
12'5 14 Aug Kongakut (F) l F 2 
:'l26 15 Aug Niguanak (CP) 1 F 3 
327 16 Aug Keki.ktuk (F) l F 5 

~ VB 16 Aug Niguanak (CP) 1 p 3 "" 0 329 16 Aug Jago Delta 1 F 3 
330 20 Aug Sad 1erochi t (F) 1 F 2 
331 21 Aug Kongakut (M) 1 F 2 
332 2') A up: Okerokovik (CP) 1 p 2 
333 29 Aug Sadlerochit (M) 2 p 2 
334 6 Sep Jago (CP) F 7 
335 13 Sep Kongakut (F) F 2 
336 26 Sen Kon akut (F) 1 F 

a(M) mountains 8(1) caribou survev (aerial) 
(F) =foothi.1ls ( ?) bear survey (aerial) 
(CP) =coastal p1ai:~ ( 3) terrestrCJi1 bird investigatio'ls (f(round1 
~u =unidentified (:l) raptor survey (.ground and aerial ) 
CF =flying ( S) musk ox survey (aerial) 

p =perched ( 6) fisheries investigations (ground) 
d+ =caribou present or recent1v present (7) tundra swan survey (aerial) 

=caribou not present (9) miscellaneous (fl:round) 
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ANWR Progress Report No. FY86-15 

Migratory bird use of the coastal lagoon system of the Beaufort Sea coastline 
within the Arctic National Wildlife Refuge, Alaska 1985. 

Alan W. Brackney, Robert M. Platte and John M. Morton, U.S. Fish and Wildlife 
Service, Fairbanks, Alaska. 

Abstract: Two aerial surveys were flown in 1985 on 14 lagoons and a 400 m 
wide strip adjacent to the shoreline and barrier beaches along the coast of 
the Arctic National Wildlife Refuge. A total of 21,478 and 19,605 birds of 17 
species were counted on 26 July and 15 August, respectively. Oldsquaw 
(Clangula hyemalis) comprised 92.3% and 92.6% of the total number of birds 
present on 26 July and 15 August, respectively. The mean number of species 
present during 5 years of surveys was 16.6 ± 2.6 SD. A comparison of lagoon 
physical characteristics (area, water depth, barrier island length, mudflat 
length, shoreline length, and lagoon type) with abundance parameters showed 
that water depth and area was the major positive determinant of the proportion 
of the oldsquaw in the system which may use a particular lagoon. The number 
of species in a lagoon during a survey was influenced only by shoreline 
length. Weekly means of oldsquaw numbers estimated during 5 years of surveys 
(1981-1985) peaked during the first week in August and declined steadily into 
early September. Other species were variable in numbers and seasonal 
distribution. 
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Migratory bird use of the coastal lagoon system of the Beaufort Sea coastline 
within the Arctic Wildiife Refuge, Alaska 1985. 

Substantial concentrations of breeding and post-breeding migratory birds use 
the Beaufort Sea coastal lagoons during the short open-water season. Previous 
studies of Beaufort Sea coastal lagoons have found that oldsquaw undergoing 
post-breeding wing molt and premigratory staging is the predominant species 
present (Schmidt 1970, Bartels 1973, Gollop and Richardson 1974, Ward and 
Sharp 1974, Harrison 1977, Divoky and Good 1979, Spindler 1979, Johnson and 
Richardson 1981, Bartels and Zellhoefer 1983, Johnson 1983, Bartels and Doyle 
1984, Brackney et al. 1985). 

[ Proposed petroleum exploration of the coastal plain of the Arctic National 
p 

~ Wildlife Refuge, as well as leasing of nearby offshore tracts and nearshore 
areas will place industrial activity in close proximity to the lagoon system. 
Air and boat traffic along the coast will increase to support these 
exploration programs. A thorough knowledge of population levels and temporal 
and spatial distribution patterns of migratory birds using the lagoon system 
is essential to predict the potential effects of disturbance and pollution. 

Aerial surveys of migratory birds using the lagoon system of the ANWR were 
initiated in 1970 and continued sporadically until they were standardized in 
1981 (Schmidt 1970, Frickie and Schmidt 1974, Spindler 1978 and 1979, Bartels 
and Zellhoefer 1983, Bartels and Doyle 1984, Brackney et al. 1985). The 
objectives of the 1985 season were: 

1. Obtain an index of relative numbers of migratory birds using coastal 
lagoons, and oldsquaw molting in selected lagoons. 

2. Continue investigating the validity of the 400 m strip aerial census 
by comparing data for 400 m strips with aerial census of the entire 
lagoon surface. 

3. Examine the distribution of oldsquaw within the 16 km offshore area 
of the Beaufort Sea. 

Methods and Materials 

Three aerial surveys were conducted on the coastal lagoons of ANWR from the 
Canning River to the U.S.-Canada border. Data from the second survey was 
omitted from the analysis. The survey was completed under marginal weather 
conditions that had reduced visibility on several lagoons. A fourth survey 
was attempted but could not be completed due to adverse weather conditions. 
Flights along 16 km offshore transects perpendicular to the shoreline were not 
possible in 1985, as ice conditions offshore did not permit safe flight with 
available aircraft. 

Ten selected lagoons (Demarcation Bay, Egaksrak Lagoon, Nuvagapak Lagoon, 
Oruktalik Lagoon, Tapkaurak Lagoon, Jago Lagoon, Arey Lagoon, Simpson Cove, 
Tamayariak Lagoon, and Brownlow Lagoon) have been surveyed annually since 1981 
when survey techniques were standardized. The 1985 surveys included 4 
additional lagoons (Sadlerochit Lagoon, Kaktovik Lagoon, Siku Lagoon, and 
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Angun Lagoon/Pokok Bay) which were first surveyed in 1984. Aerial survey 
methods followed those described by Bartels and Zellhoefer (1983). Transects 
were flown with a Cessna 206 floatplane at an altitude of 30 m and an 
indicated air speed of 160 kph along predetermined routes parallel to the 
barrier islands and shorelines. Successive transects were flown across the 
lagoon until the entire lagoon was surveyed. Two observers, one on each side 
of the aircraft, identified and counted or estimated numbers of all birds seen 
within a 200 m strip on their respective sides. Data were recorded with 
portable cassette recorders and later transcribed by the observers. A 400 m 
strip offshore of the barrier islands and shoreline of the entire coast was 
also surveyed. 

An examination of the effectiveness of partial lagoon surveys as estimators 
for whole lagoon densities was initiated in 1983. This comparison of survey 
techniques was postponed until 1985 when all data for the 10 selected lagoons 
from 1981 to 1985 were analyzed. Oldsquaw densities of certain transects were 
compared with the density of entire lagoons using paired t tests and 
regression analysis. 

Statistical procedures reported here follow the guidelines of Snedecor and 
Cochran (1967). All statistical analysis were run in the SCSS statistical 
package (Nie et al. 1980) on a microcomputer. 

Results and Discussion 

All bird species 1985 

Peak bird use probably occurred between the 2 valid surverys conducted on 26 
July and 15 August 1985.surveys. On 26 July a high of 21,478 birds was 
observed in the 10 lagoons and the 400 m offshore transect (Table 1). On 15 
August an estimated 19,605 birds were present. 

Table 1. Number of migratory birds observed in 10 coastal lagoons and 400 m 
offshore strip along the Beaufort Sea coastline in the Arctic 
National Wildlife Refuge, 1985. 

Lagoon 
Demarcation 
Egaksrak 
Nuvagapak 
Oriektuluk 
Tapkaurak 
Jago 
Arey 
Simpson Cove 
Tamayariak 
Brownlow 
400m offshore 
Total 

26 July 
No. Birds 

3899 
164 

1732 
1145 
1485 
4364 

703 
1829 

878 
80 

5199 
21478 

Date of Survey 

No. Taxa 

424 

12 
10 

9 
7 
7 
8 
9 
6 
6 
3 
1 
17 

15 August 
No. Birds No. 

3957 
586 

3886 
1770 
1653 
2840 

360 
546 
642 

50 
3315 
19605 

Taxa 
8 

11 
11 

7 
7 
7 
7 
5 
5 
5 
1 
17 



The 1985 season appeared to be normal in bird use and distribution within the 
lagoon system. Seventeen species were observed in each survey in 1985, which 
was close to the 5 year mean of 16.6 species per survey (Table 2). 

Table 2. Numbers of bird species observed in the coastal lagoons during 5 
years of lagoon surveys in the Arctic National Wildlife Refuge 
coastline 1981-85. 

Year 
Time Period 1981 1982 1983 1984 1985 Mean 

20-31 July 20 12 13 17 15.5 
1- 7 August 16 17 15 16.0 
8-15 August 17 18 17 17.3 

16-23 August 13 17 22 17 16.0 
7 September 18 

Overall Mean (±SD) 16.6 ± 2.6 

Oldsquaw 1985 

Estimated numbers of oldsquaw in the 10 select lagoons and 400 m offshore area 
were 19,885 on 26 July and 18,103 on 15 August (Table 3). Oldsquaw made up 
92.3% to 92.6% of the total birds present in those lagoons. In all 14 lagoons 
surveyed, oldsquaw totaled 24,204 and 20,630 on 22 July and 15 August. Four 
additional lagoons contained 17.8% and 12.3% of the oldsquaw seen on 22 July 
and 15 August respectively (Table 4). 

Table 3. 

Lagoon 

Demarcation 
Egaksrak 
Nuvagapak 
Oruktulik 
Tapkaurak 
Jago 
Arey 
Simpson Cove 
Tamayariak 
Brownlow 

Number of oldsquaw estimated in 10 select lagoons and 400m 
offshore strip on the Arctic National Wildlife refuge Alaska, 
1985. 

Surve::t: Date 
26 Jul::t: 15 August 

3621 3690 
121 152 

1615 3730 
1121 1710 
1450 1574 
4137 2753 

593 328 
1797 537 

836 491 
70 35 

400m offshore 4524 3103 
Total 19885 18103 
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Table 4. Oldsquaw observed in 4 additional lagoons surveyed in 1984-1985. 

1984 1985 
Lagoon 22 July 5 August 13 August 26 July 15 August 

Siku 41 58 22 08 03 
Angun/Pokok 319 1464 1909 1583 1618 
Kaktovik 1405 1441 822 2161 731 
Sadlerochit 903 752 1352 567 175 
Totals 2668 3715 4105 4319 2527 

Oldsquaw densities in the 10 select lagoons were consistent with past years 
and in the 2iddle range of past surveys. Ov2rall densities were 54.7 
oldsquaw/km on 26 July and 49.8 oldsquaw/km on 15 August (Table 5). Oruktalik 
lagoon, as ~n past years, contained the highest densities at 127.4 and 194.3 
oldsquaw/km on 26 July and 15 August, respectively. B2ownlow and Arey lagoon 
had low usage by oldsquaw in 1985. The 2.7 oldsquaw/km seen at Brownlow on 
15 August w2s the lowest recorded during the 5 years of surveys, and the 5.3 
oldsquaw/km seen on 26 July, w2s the 3rd lowest. Arey lagoon experienced a 
density of only 8.1 oldsquaw/km on

2
15 August. Densities on Arey lagoon have 

varied from 4.3 to 40.6 oldsquaw/km in 15 surveys over the 5 years. 

Table 5. 

Lagoon 

Demarcation 
Egaksrak 
Nuvagapak 
Oruktulik 
Tapkaurak 
Jago 
Arey 
Simpson Cove 
Tamayariak 
Brownlow 

Density (birds/km2) of oldsquaw counted in 10 select lagoons and 
a 400m offshore strip in 1985 on the Arctic National Wildlife 
Refuge, Alaska. 

Surve::£ Date 
Area 
km2 26 Jul::£ 15 August 

38.7 93.6 95.3 
14.0 8.6 10.9 
31.2 51.8 119.6 
8.8 127.4 194.3 

20.5 70.7 76.8 
47.3 87.5 58.2 
40.6 14.6 8.1 
44.4 40.5 12.1 
15.9 52.6 30.9 
13.1 5.3 2.7 

400m offshore 88.8 50.9 34.9 
Total 363.3 54.7 49.8 

The 400 m offshore transect accounted for 18.7% and 15.0% of the oldsquaw 
along the coastline on 26 July and 15 August. The number and proportions of 
oldsquaw in the offshore transect did not increase during the season as in 
past years, possibly due to mid-August departures of large numbers of 
oldsquaw. 
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5 Year Summary 

Weekly mean numbers of oldsquaw and all bird species were plotted for the 10 
lagoons and the offshore transect to summarize the results of the 5 years of 
surveys and evaluate trends (raw values are tabulated in the Appendix). Total 
bird numbers increased early in the season with a peak in early to mid-August 
(Fig. la) (Bartels and Zellhoefer 1983, Bartels and Dolye 1984, Brackney et 
al. 1985). The majority of birds observed in the lagoons and offshore were 
oldsquaw (Fig. la). Mean oldsquaw numbers peaked during early-August and then 
declined sharply from mid-August to September (Fig lb). The large September 
increase for all species was due to an estimated 16,000 phalaropes tallied 
during a September 1983 survey in the offshore transect (Fig. lc). Eiders and 
scoters showed large fluctuations in mean numbers from late July to September, 
with a general trend downward (Fig. 2c,2d). Glaucous gull numbers were stable 
through late August with a sharp increase in September probably due to an 
influx of juveniles and breeding adults from the coastal plain following the 
breeding season (Fig. 2f). Mean loon numbers appeared to decrease from 
mid-August to September (Fig. 2a) and mean numbers of geese increased sharply 
in the last 2 weeks of August due to migrant and staging black brant and 
white-fronted geese using the brackish wetlands adjacent to the lagoons (Fig. 
2e). Bird use in the coastal lagoons exhibited regular seasonal fluctuations, 
although the timing of these fluctuations varied from year to year. Gollop 
and Richardson (1974) and Johnson and Richardson (1981) documented similar use 
patterns at other Beaufort Sea coastal areas. Their data and the data from 
this baseline study highlight the importance of these coastal areas to 
migratory birds. 

Lagoon Characteristics and Bird Densities 

To compare the relative value of the 10 selected lagoons, an index was 
calculated from the density ratio (lagoon density/grand density), the 
proportion of birds per lagoon, and the mean number of species present (Table 
6). This index was devised to compare the importance of the lagoons for 
waterbirds with respect to density, total population use, and species 
richness. The density ratio and proportion were used to make the index 
independent of temporal variations in total population size between aerial 
censuses. A lagoon with a high bird density that was limited in size or 
supported few species had less value than lagoons with high densities, high 
population levels, and high species richness. 

High species richness and a large proportion of the birds observed during 
surveys (primarily oldsquaw) placed a relatively higher value for all birds on 
Demarcation Bay, Jago, and Nuvagapak Lagoons (Table 6). Medium value lagoons 
were Oruktalik, Tamayariak, and Simpson Cove. Tapkaurak, Arey, Brownlow, and 
Egaksrak rated low despite the high species richness in Egaksrak and Arey 
Lagoons. A similar measure of relative value for oldsquaw only, showed a high 
value for Oruktalik, Jago, Simpson Cove, and Demarcation Bay, medium value for 
Nuvagapak, Tamayariak, and Tapkaurak Lagoons, and low values for Arey, 
Brownlow and Egaksrak·Lagoons. The high density ratios at Oruktalik raised 
the value on that lagoon for oldsquaw in relation to the total species value. 

The relative value measures were compared (Table 6) with the physical 
characteristics of the lagoons (Table 7) by multiple regression to examine the 
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Table 6. Measures of the relative value of 10 selected lagoons for oldsquaw and all species. 

All SJ2ecies Oldsguaw 
Meanb Meanc Relative Meanb Relative9 

Proportion8 density No. index value Proportion8 density index value 
Lagoon of total ratio SJ2ecies (rank) of total ratio (Rank) 

Oruktalik 0.08 2.24 5.4 0.94(5) 0.08 2.59 2.07(1) 
Jago 0.18 1.10 7.3 1.45(2) 0.18 1.13 2.03(2) 
Simpson Cove 0.17 0.97 7.3 1.18(4) 0.17 1.07 1. 93(3) 
Demarcation Bay 0.17 1.13 8.9 1. 71(1) 0.17 1.11 1.90(4) 

,f:- Nuvagapak 0.13 1.13 9.0 1.35(3) 0.13 1.11 1. 44(5) 
w Tamayariak 0.08 1.34 6.4 0.70(6) 0.08 1.40 1.12(6) 0 

Tapkaurak 0.08 1.15 5.1 0.46(7) 0.09 1.16 1. 04(7) 
Arey 0.06 0.46 8.5 0.24(8) 0.06 0.47 0.28(8) 
Brownlow 0.02 0.41 4.9 0.04(10) 0.02 0.43 0.09(9) 
Egaksrak 0.03 0.70 7.5 0.17(9) 0.01 0.23 0.02(10) 

a No. birds in lagoon/no. birds counted (all surveys combined) 
b Density in lagoon/grand density in the system, mean of all surveys (N=l5) 
c Mean no. species in the lagoon (N=l5 surveys) 
d Density ratio X proportion birds per survey X mean no. species present 
e Density ratio X proportion birds per survey X 10 



Table 7. Physical characteristics of 10 lagoons on the ANWR Coastline. 

Barrier 
Area Mean island Shoreline Mudflat Lagoon8 

Lagoon (kmz) depth(m) length (km) length (km) length (km) type 

Oruktalik 8.8 1.4 4.4 8.4 0.0 Pulsing 
Jago 47.3 1.9 13.7 15.1 9.9 Limited exchange 

,J:'- Simpson Cove 44.4 2.8 2.7 23.1 1.8 Open 
VJ ..... Demarcation Bay 38.7 3.2 7.4 59.2 0.0 Pulsing 

Nuvagapak 31.2 2.0 10.9 27.8 0.0 Pulsing 
Tamayariak 15.9 1.8 4.6 12.6 4.5 Open 
Tapkaurak 20.5 1.4 9.6 9.0 0.0 Pulsing 
Arey 40.6 0.6 13.8 30.9 0.0 Pulsing 
Brownlow 13.1 0.3 10.6 14.8 2.6 Limited exchange 
Egaksrak 14.0 0.3 12.5 3.5 11.5 Pulsing 

8 Definitions from Hachmeister and Vinelli (1983). 



influence of other physical variables on bird use. Back-stepping multiple 
regression procedure (Zar 1973) revealed a positive· association between 
proportion of birds in the system present in a particular lagoon with water 
depth and lagoon area (P < 0.001, R2 = 0.92). The proportion of oldsquaw in a 
lagoon was also positively associated with water depth and area (P < 0.001, R2 

- 0.92). The number of species in a lagoon was positively dependent on 
shoreline length (P < 0.03, R2 - 0.68). All other physical characteristics 
had little effect on species richness. Long shoreline length may provide a 
higher probability that nontypical and semi-aquatic birds species may enter 
the lagoon. Species which breed along shorelines may have also had a higher 
probability of being included in the survey in lagoons with long shorelines. 
Water depth, from the standpoint of physical characteristics, may be the main 
determinant of oldsquaw use of particular lagoons. Other unmeasured factors 
which influence food resources or wave conditions may also be important. 
These may include lagoon orientation, fresh water inflow, number and size of 
passes (breaks between barrier islands), salinity levels, and lagoon 
substrate. 

Offshore Habitats 

The species with the highest estimated numbers in the offshore transect 
(generally 0-400 m offshore of the barrier islands) was oldsquaw (Figs. lc 
and d). Second in abundance was the glaucous gull. This trend was valid for 
all surveys except the 7 September 1983 survey when phalaropes dominated2the 
estimates (Fig. lb). Total numbers of oldsquaw estimated on the 88.8 km 
offshore transect ranged from 825 on the 22-26 August 1981 survey to 10,993 on 
18 August 1984. In all surveys, the majority of oldsquaw were recorded in the 
lagoons, although offshore numbers of oldsquaw peaked in mid-August when 
oldsquaw numbers in the lagoons and in the entire system were decreasing 
(Fig.lb and d). This increase coincided with the completion of the molt in 
oldsquaw. We have observed oldsquaw leaving the offshore area and flying into 
the lagoons to roost in the evening during the period following molt (Brackney 
unpubl. data). Undoubtedly many birds moved back and forth between the 
offshore area and the lagoon which contributed to an inconsistency in'offshore 
estimates. In summary, the offshore data suggests that this area supports 
considerable bird use. As in the lagoons, this use varies widely within a 
particular season and from year to year. 

Density Estimators 

Whole lagoon surveys (i.e. the entire lagoon is covered by aerial transects) 
are expensive and time-consuming. A complete survey of 14 lagoons on the ANWR 
coastline involved 8 hours of air time at a minimum. Weather conditions often 
changed between the begining and end of the surveys which made some estimates 
between lagoons less comparable due to changes in visibility. We investigated 
several combinations of the transects along the barrier island, mid-lagoon, 
and shoreline in order to find a suitable estimator as an alternative to whole 
lagoon surveys. Areas within transects (Table 8) and corresponding numbers of 
oldsquaw observed were used to determine densities for each alternative and 
regression estimators of the whole-lagoon density were calculated. Only 
lagoons with more than 3 transects were used in the regression analysis. 
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None of the transect combinations proved to be adequate estimators of oldsquaw 
density (T2ble 9). The method of Johnson and Richardson (1981) was the most 
tenable (R - 0.78). In this method the mid-lagoon and shoreline transects 
were used to estimate the number of oldsquaw in the lagoon outside of the 
barrier island area, than this total was added to the number along the barrier 
island transect. The method worked best on lagoon surveys with less than 4300 
birds per lagoon (R2 

= 0.806). However the regression failed to account for 
nearly 20% of the variance in the data. 

Table 8. Area (km2) within the barrier islands, mid lagoon, and shoreline 
aerial transects of 8 lagoons along the coastline of the Arctic 
National Wildlife Refuge. 

Transect Area (km2} 
Lagoon Barrier Island Mid-Lagoon Shoreline 

Simpson Cove 6.7 5.5 5.2 
Arey 5.4 4.9 3.4 
Jago 5.4 2.5 2.8 
Tapkaurak 4.3 3.2 0.6 
Oruktalik 2.2 2.1 0.8 
Nuvagapak 5.9 4.6 1.6 
Egaksrak 2.7 1.3 0.9 
Demarcation Bay 2.0 3.1 2.0 

Table 9. Regression equations of estimated densities (y) on whole lagoon 
densities (x) from 15 survey of 8 select lagoons, Arctic National 
Wildlife Refuge, 1981-1985. 

Density Estimator 

BI + Mid + Shorea 
BI + Mid 
BI + Shore 
Mid + Shore 

c 
[Mid + Shore] + BI d 
[Mid + Shore] + Bic 

N 

71 
71 
71 
71 
71 
65 

Regression Equation R2 

y= -8.40 + 2.05X 0. 719*b 
y--20.41 + 2.43X 0.620* 
y=-38.07 + 2.90X 0.588* 
y--91. 90 + 4.57X 0.432* 
y- 16.49 + 1. 26X 0.780* 
y- 17.25 + 1.19X 0.806* 

aBI - barrier island transect, Mid - mid-lagoon transect, Shore - shoreline 
btransect 

* Significant (P < 0.001) 
c[[((Mid +Shore no.)/(Mid Area+ Shore Area)) * (Total Area- BI Area)]+BI 
dno.]/ Total Area, after Johnson and Richardson (1981). 

Sample limited to lagoon estimates less than 4300 oldsquaw. 
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One problem with these estimates was the failure of the mid-lagoon and 
shoreline transects to adequately represent the density in the lagoon outside 
of the barrier island area. A regression of the mid-lagoon plus shoreline 
transect densities on the non-barrier island area density accounted for only 
67.1% of the variance. Thus, the combination of these transects with the 
higher densities in the barrier island transects could not adequately estimate 
densities in the entire lagoon. Therefore, past efforts which used incomplete 
surveys (Spindler 1978 and 1979, Johnson and Richardson 1981, Johnson 1983) 
must be viewed as rough estimates of oldsquaw densities in Beaufort Sea 
lagoons. In these baseline studies also, although we maintained strict 
controls in regard to minimum acceptable weather conditions, the accuracy of 
estimates of oldsquaw numbers varied due to differences in visibility 
between surveys (and between lagoons within surveys), annual changes in 
observers, and possible observer errors in estimation of bird numbers (see 
Oates et al. 1985 and Oates et al. 1986). No effort was made during the 
studies to verify or correct for observer errors or bias. Most oldsquaw 
flocks, however, were less than 100 birds and seldom more than 300 at any one 
location, which tended to facilitate precise estimation. 
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Appendix Table 1. Number of migratory birds estimated in 10 coastal lagoons and offshore Arctic National Wildlife Refuge, Alaska, 1981-1985. 

Surve Dates 
22-23 25-26 25-26 3-4 7&13 22 4 10 20 6-8 22 5 18 26 15 

Lagoon July Aug July Aug Aug Aug Aug Aug Aug Sept July Aug Aug July Aug Mean No. Species 
1981 1981 1982 1982 1982 1982 1983 1983 1983 1983 1984 1984 1984 1985 1985 (mean + SD) 

Demarcation Bay 
No. birds 2865 1667 849 1611 538 1061 8299 11586 1500 876 2380 3281 2504 3899 3957 
No. taxa 13 6 9 9 9 6 8 8 9 9 5 12 10 12 8 8.97 .:!: 2.36 

Egakshrak Lagoon 
No. birds 547 1146 111 441 967 580 435 418 1552 220 144 536 986 164 586 
No. taxa 15 10 5 9 5 5 7 7 6 6 4 7 6 10 11 7.5.:!: 3.0 

Nuvagapak Lagoon 
No. birds 1477 1060 146 2486 2845 2286 5746 4654 1755 535 812 3153 3983 1732 3886 
No. taxa 13 5 5 10 13 8 10 6 8 9 7 11 10 9 11 9.0 .:!: 2.5 

Oruktalik Lagoon 
No. birds 2032 41 1704 1714 1958 545 1533 3226 367 249 1604 1733 1956 1145 1770 
No. taxa 10 3 3 4 3 4 4 5 4 7 7 6 7 7 7 5.4 .:!: 2.1 

~ 
Tapkaurak Lagoon 

No. birds 2720 2159 1304 2897 703 85 891 2125 669 690 1736 1550 2105 1485 1653 w 
No. taxa 6 3 4 6 6 5 3 3 4 5 6 5 6 7 7 5.1.:!: 1.4 00 

Jago Lagoon 
No. birds 4131 5986 4189 5895 806 1053 6192 2681 676 854 2150 4803 3033 4364 2840 
No. taxa 12 5 9 8 9 8 7 6 5 6 7 6 7 8 7 7.3 .:!: 1.8 

Arey Lagoon 
No. birds 376 209 306 1319 603 456 2541 1233 1859 2629 1105 1208 1702 703 360 
No. taxa 12 4 4 10 9 8 6 11 10 11 7 12 7 9 7 8.5 .:!: 2.6 

Simpson Cove 
No. birds 920 317 3015 9296 4376 711 817 2881 9781 1217 4498 4235 1411 1829 546 
No. taxa 9 7 6 10 7 8 6 9 7 8 8 9 5 6 5 7.3 .:!: 1.5 

Tamayariak Lagoon 
No. birds 174 202 916 2846 5222 337 582 313 3172 446 2359 1571 2072 878 642 
No. taxa 5 6 7 10 7 6 5 7 7 5 7 6 9 6 5 6.4 .:!: 1.7 

Brownlow Lagoon 
No. birds 52 111 446 744 748 238 58 93 823 164 537 376 595 80 50 
No. taxa 2 6 4 5 5 6 5 4 8 3 7 7 6 3 5 4.9 .:!: 1.8 

Total lagoon 15294 12898 12986 29249 18766 7352 27094 29210 22154 7880 17325 22446 20349 16279 16290 

400 m offshore 1947 1086 1927 3257 2046 4274 4667 5881 8935 21384 3305 7923 11433 5199 3315 
All areas 17241 13984 14913 32506 20812 11626 31761 35091 31089 29264 20630 30369 31782 21478 19605 



Appendix Table 2. Number of oldsquaw estimated in 10 coastal lagoons and offshore, Arctic National Wildlife Refuge, Alaska, 1981-1985. 

1981 1982 1983 1984 1985 
22-23 3-4 22-26 25-26 7-13 22 4 10 20 6-8 22 5 18 26 15 

La~oon Jul:~: Au~ Au~ Jul:~: Au~ Au~ Au~ Au~ Au~ SeEt Jul:~: Au~ Au~ Jul:L Au~ 

Demarcation 26786 1557 1611 617 299 191 8116 11319 1301 293 2218 2884 1916 3621 3690 
Egaksrak 107 355 97 82 234 61 324 314 205 6 98 445 520 121 152 
Nuvagapak 1427 2448 1004 126 2669 1422 5689 4572 1076 222 732 2996 3631 1615 3730 
Oruktalik 1997 1698 38 1657 1906 508 1524 3206 335 84 1531 2669 1932 1121 1710 
Tapkauruk 2688 2867 2150 1273 642 71 884 2102 647 78 1620 1491 2070 1450 1574 
Jago 3988 5184 5674 3845 650 727 5757 2342 551 761 1892 4544 2730 4137 2753 

+:- Arey 293 1076 174 274 347 352 2410 1055 1548 1886 942 979 1634 593 328 
w Simpson Cove 850 9187 205 2906 4326 665 750 2792 9678 1119 4113 4069 1396 1797 537 
\0 Tamayariak 162 2606 150 625 5202 321 565 276 3116 334 2165 1503 1945 836 491 

Brownlow 50 693 95 415 711 204 45 70 750 150 453 310 560 70 35 

Total lagoons 14240 27671 11198 11820 16986 5250 26064 28048 19207 4943 15764 20890 18334 15361 15000 

400 m offshore 1696 2868 8258 1339 1911 3867 3849 5379 8225 2533 2796 7378 10995 4524 3103 
strip 

All areas 15936 30539 12022 13159 18897 9117 29913 33427 27432 7476 18560 28268 29329 19885 18103 

a Data from Bartels and Zellhoefer (1983). 
b Data from Bartels and Doyle (1984). 
c Data from Brackney et al. (1985). 



Appendix Table 3. Density (birds/km2) of oldsquaw counted in 10 selected lagoons and offshore, Arctic National Wildlife Refuge, Alaska, 
1981-1985. 

1981 1982 1983 1984 1985 
Are~ 22-23 3-4 22-26 25-26 7-13 22 4 10 20 6-8 22 5 18 26 15 

Lasoon km Jul:z: A us A us Jul:z: A us A us A us A us A us Se;et Jul:z: A us A us Jul:z: A us 

Demarcation 38.7 69.2 40.2 41.6 15.9 7.7 23.7 210 292 34 8 57.3 74.5 49.5 93.6 95.3 
Egaksrak 14.0 7.6 25.4 6.9 5.9 16.7 4.4 23 22 15 0.4 7.0 31.8 37.1 8.6 10.9 
Nuvagapak 31.2 45.7 78.5 32.2 4.0 85.5 45.6 182 147 34 7 23.5 96.0 116.4 51.8 119.6 
Oruktalik 8.8 226.9 193.0 4.3 188.0 216.6 57.7 173 364 38 10 174.0 189.6 219.5 127.4 194.3 
Tapkauruk 20.5 131.1 139.8 105.5 62.1 31.3 3.5 43 103 32 4 79.0 72.7 101.0 70.7 76.8 
Jago 47.3 84.3 122.9 120.0 81.2 13.7 15.4 122 50 12 16 40.0 96.1 57.7 87.5 58.2 +:- Arey 40.6 7.2 26.5 4.3 6.7 8.5 8.7 59 26 38 46 23.2 24.1 40.3 14.6 8.1 +:-

0 Simpson Cove 44.4 19.1 206.7 4.1 65.4 97.4 15.0 17 63 218 25 92.6 91.6 31.4 40.5 12.1 
Tamayariak 15.9 10.2 163.9 9.4 39.3 327.2 20.2 35 17 196 22 136.2 94.5 122.3 52.6 30.9 
Brownlow 13.1 3.8 52.9 7.3 31.6 54.3 32.9 3 5 57 11 34.6 23.7 42.8 5.3 2.7 

Total lagoon 274.5 51.9 100.8 40.8 43.1 61.9 19.1 95 102 70 18.0 57.4 76.1 66.8 56.0 54.6 

400m offshore 
strip 88.8 19.1 32.3 9.3 15.1 21.5 43.6 43.3 60.6 92.6 28.5 31.5 83.1 123.8 50.9 34.9 

All areas 363.3 43.9 84.1 33.1 36.2 52.0 25.1 82.3 92.0 75.5 20.6 51.1 77.8 80.7 54.7 49.8 

a Data from Bartels and Zellhoefer (1983). 
b Data from Bartels and Doyle (1984). 
c Data from Brackney et al. (1985). 



Appendix Table 4. Numbers of oldsquaw and all species in 10 coastal lagoons and a 400m offshore transect grouped by weekly periods, Arctic National 
Wildlife Refuge, 1981-1985. 

All spp., all areas 

mean 
SD 

All spp., 10 lagoons only 

mean 
SD 

All spp., offshore only 

mean 
SD 

All spp. except oldsquaw, all areas 

mean 
SD 

All spp. except oldsquaw, in lagoons only 

mean 
SD 

All spp. except oldsquaw, offshore only 

mean 
so 

No. oldsquaw, lagoons only 

mean 
so 

No. oldsquaw, offshore only 

mean 
so 

a SO standard deviation 

20-31 July 

18565 
3046 

15471 
11853 

3094 
1544 

1680 
319 

1175 
277 

506 
183 

14296 
1772 

2589 
1431 

1-7 Aus 

31545 
1085 

26263 
3477 

5282 
2393 

1972 
126 

1388 
310 

584 
217 

24875 
3542 

4698 
2372 

8-15 Aus 

25169 
8614 

21422 
6857 

3747 
1954 

1694 
208 

1411 
326 

283 
194 

20011 
7030 

3464 
1762 

16-22 Aug 

24832 
11442 

1661 
8075 

8214 
3634 

2873 
680 

2355 
515 

518 
167 

14263 
7818 

7696 
3593 

23-30 Aug 7 Sept 

13984 29264 

12898 7880 

1086 21384 

1962 21788 

1700 2937 

262 18851 

11198 4943 

824 2533 



Appendix Table 5. Mean numbers of major bird species grouped by weekly period in 10 coastal lagoons and a 400 m offshore transect, Arctic National 
Wildlife Refuge 1981-1985. 

Glaucous 
Weekly Period Eiders Seaters Gulls Loons Shorebirds Geese Oldsquaw 

July 20-31 mean (n = 4) 318.8 594.0 295.0 101.3 165.3 12.5 16885.0 
so 248.2 412.0 54.8 89.7 165.3 18.8 2977.1 

Aug 1-7 mean (n = 3) 372.7 454.0 419.0 125.7 155.0 12.7 29573.3 

~ 
so 370.7 298.5 111.6 22.5 135.2 17.0 1173.0 

~ 
N Aug 8-15 mean (n 3) 89.7 257.0 414.7 119.0 135.3 431.7 23475.7 

so 60.9 160.1 273.4 76.3 49.3 359.7 8627.3 

Aug 16-22 mean (n 3) 155.3 502.0 447.7 97.0 64.7 1225.7 21959.0 
so 190.1 325.5 40.2 27.9 68.6 725.1 11162.1 

Aug 23-30 mean (n 1) 23 6 544 41 388 369 12022 

Sept 7 mean (n 1) 206 250 1005 64 17060 770 7476 



Appendix Table 6. Migratory bird species and numbers observed during aerial 
surveys of Brownlow and Tamayariak Lagoons along the 
Beaufort Sea coastline, in the Arctic National Wildlife 
Refuge, Alaska, 1985. 

Brown Low Lagoon Tamayariak Lagoon 
26 15 26 15 

Species July Aug July Aug 

Common Loon 
Yellow-billed Loon 
Arctic Loon 4 1 
Red-throated Loon 1 1 
Loon spp. 5 2 2 
Red-necked Grebe 
Tundra Swan 
Brant 142 
Snowgoose 
Goose spp. 
Northern Pintail 8 15 
Scaup spp. 
Oldsquaw 70 35 836 491 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 3 
Black Scoter 
Scoter spp. 2 
Red-breasted Merganser 3 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 1 17 5 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 5 
Black Guillemot 
Passerine spp. 1 
Raven 
Snowy Owl 
Mew Gull 
Gull spp. 
Gyrfalcon 
Unidentified spp. 
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Appendix Table 7. Migratory bird species and numbers observed during aerial 
surveys of Simpson cove and Sadlerochit lagoon along the 
Beaufort Sea coastline in the Arctic National Wildlife 
Refuge, Alaska, 1985. 

Sim:Qson Cove Sadlerochit lagoon 
26 15 26 15 

S:Qecies July Aug July Aug 

Common Loon 1 
Yellow-billed Loon 2 
Arctic Loon 2 2 
Red-throated Loon 3 1 
Loon spp. 
Red-necked Grebe 
Tundra Swan 2 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 26 
Scaup spp. 
Oldsquaw 1797 537 567 175 
Common Eider 3 
King Eider 
Spectacled Eider 
Eider spp. 4 
White-winged Scoter 22 
Surf Scoter 
Black Scoter 
Scoter spp. 1 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 4 13 1 
Jaeger spp. 1 
Glaucous Gull 18 3 26 9 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 1 19 
Black Guillemot 
Passerine spp. 
Raven 
Snowy Owl 
Mew Gull 
Gull Species 
Gyrfalcon 
Ross Gull 10 
Unidentified ssp. 
Seal 
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Appendix Table 8. Migratory bird species and numbers observed during 
aerial surveys of Arey and Kaktovik lagoon along the 
Beaufort Sea coastline in the Arctic National Wildlife 
Refuge, Alaska, 1985. 

Arey Lagoon Kaktovik Lagoon 
26 15 26 15 

July Aug July Aug 

Common Loon 
Yellow-billed Loon 7 14 
Arctic Loon 13 7 4 
Red-throated Loon 5 2 
Loon spp. 15 2 12 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 1 
Scaup spp. 
Oldsquaw 593 328 2161 731 
Common Eider 4 
King Eider 2 
Spectacled Eider 
Eider spp. 4 
White-winged Scoter 
Surf Scoter 15 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 5 
Jaeger spp. 
Glaucous Gull 55 ll 54 6 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 1 2 
Black Guillemot 
Passerine spp. 
Raven 5 
Snowy Owl 1 
Mew Gull 
Gull Species 
Gyrfalcon 
Unidentified spp. 
Seal 
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Appendix Table 9. Migratory bird species and numbers observed during aerial 
surveys of Jago and Tapkuarak lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1985. 

Jago Lagoon Ta2kuarak Lagoon 
26 15 26 15 

July Aug July Aug 

Common Loon 
Yellow-billed Loon 12 4 7 2 
Arctic Loon 21 7 4 
Red-throated Loon 5 1 1 1 
Loon spp. 10 ll 1 2 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 
Oldsquaw 4137 2753 1450 1574 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 4 
White-winged Scoter 
Surf Scoter 50 45 10 
Black Scoter 
Scoter spp. 1 33 
Red-breasted Merganser 15 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 16 20 
Jaeger spp. 
Glaucous Gull 109 15 2 ll 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 5 3 
Black Guillemot 
Passerine spp. 
Raven 
Snowy Owl 
Mew Gull 
Gull Species 
Gyrfalcon 
Unidentified spp. 
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Appendix Table 10. Migratory bird species and numbers observed during aerial 
surveys of Oruktalik and Angnun lagoon along the Beaufort 
Sea coastline in the Arctic National Wildlife Refuge, 
Alaska, 1985. 

Oruktalik Lagoon Angnun Lagoon 
26 15 26 15 

July Aug July Aug 

Common Loon 
Yellow-billed Loon 8 4 5 2 
Arctic Loon 2 1 2 1 
Red-throated Loon 1 1 
Loon spp. 1 7 
Red-necked Grebe 
Tundra Swan 2 
Brant 45 
Snowgoose 
Goose spp. 1 
Northern Pintail 
Scaup spp. 
Oldsquaw ll21 1710 832 897 
Cqmrnon Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 1 
Red-breasted Merganser 3 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 7 1 8 1 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Raven 
Snowy Owl 1 
Mew Gull 
Gull spp. 
Gyrfalcon 
Unidentified spp. 
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Appendix Table 11. Migratory bird species and numbers observed during aerial 
surveys of Pokok Bay and Nuvagapak lagoon along the 
Beaufort Sea coastline in the Arctic National Wildlife 
Refuge, Alaska, 1985. 

Pokok Ba:z>: NuvagaQak Lagoon 
26 15 26 15 

Jul:z>: Aug Jul:z>: Aug 

Common Loon 
Yellow-billed Loon 6 12 
Arctic Loon 1 9 3 
Red-throated Loon 1 3 4 
Loon spp. 5 2 5 5 
Red-necked Grebe 
Tundra Swan 2 1 
Brant 15 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 10 
Oldsquaw 747 706 1615 3730 
Common Eider 
King Eider 4 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 22 35 
Black Scoter 
Scoter spp. 2 5 6 
Red-breasted Merganser 5 2 40 
Duck spp. 1 
Sandhill Crane 
Plover spp. 
Phalarope spp. 54 25 
Shorebird spp. 10 
Jaeger spp. 
Glaucous Gull 3 2 25 10 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 3 
Black Guillemot 
Passerine spp. 
Raven 
Snowy Owl 1 
Mew Gull 
Gull ssp. 
Gyrfalcon 1 
Unidentified spp. 
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Appendix Table 12. Migratory bird species and numbers observed during aerial 
surveys of Egaksrak and Siku lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1985. 

Egaksrak Lagoon Siku Lagoon 
26 15 26 15 
July Aug July Aug 

Common Loon 
Yellow-billed Loon 2 10 
Arctic Loon 4 10 3 5 
Red-throated Loon 1 13 1 
Loon spp. 2 2 1 4 
Red-necked Grebe 
Tundra Swan 5 1 5 
Brant 305 66 
Snowgoose 
Goose spp. 5 
Northern Pintail 6 
Scaup spp. 
Oldsquaw 121 152 8 3 
Common Eider 5 
King Eider 
Spectacled Eider 
Eider spp. 12 
White-winged Scoter 
Surf Scoter 4 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 30 2 
Duck spp. 22 
Sandhill Crane 
Plover spp. 
Phalarope spp. 4 18 
Shorebird spp. 99 
Jaeger spp. 
Glaucous Gull 14 9 40 8 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 2 6 12 1 
Black Guillemot 
Passerine spp. 
Raven 
Snowy Owl 
Mew Gull 
Gull ssp. 
Gyrfalcon 1 
Unidentified spp. 

449 



Appendix Table 13. Migratory bird species and numbers observed during aerial 
surveys of Demarcation Bay and 400 m offshore Transect 
along the Beaufort Sea coastline in the Arctic National 
Wildlife Refuge, Alaska, 1985. 

Demarcation Ba:Y Offshore Transect 
26 15 26 15 

Jul:Y Aug Jul:Y Aug 

Common Loon 
Yellow-billed Loon 3 3 2 
Arctic Loon 13 1 13 5 
Red-throated Loon 4 5 4 3 
Loon spp. 13 4 16 14 
Red-necked Grebe 14 
Tundra Swan 2 
Brant 55 
Snowgoose 
Goose spp. 
Northern Pintail 25 
Scaup spp. 2 2 
Oldsquaw 3621 3690 4524 3103 
Common Eider 9 396 
King Eider 
Spectacled Eider 
Eider spp. 9 127 7 
White-winged Seater 2 
Surf Seater 169 161 2 
Black Seater 
Seater spp. 38 13 5 
Red-breasted Merganser 10 16 
Duck spp. 1 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 6 44 29 
Jaeger spp. 
Glaucous Gull 23 22 30 15 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 1 4 66 
Black Guillemot 4 
Passerine spp. 
Raven 4 
Snowy Owl 
Mew Gull 
Gull ssp. 
Gyrfalcon 
Unidentified spp. 
Seal 1 
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ANWR Progress Report No. FY86-17 

Habitat use and behavior of molting oldsquaw on the coast of the Arctic National 
Wildlife Refuge, 1985. 

Alan W. Brackney and Robert M. Platte, U.S. Fish and Wildlife Service, Arctic 
National Wildlife Refuge. 

Abstract: Diet, behavior within specific habitats, and body condition indices 
of oldsquaw (Clangula hyemalis) in molt were examined at Beaufort Lagoon and 
adjoining lagoons on the Arctic National Wildlife Refuge (ANWR) coastline in 
1985. Oldsquaw (N=l8) primarily consumed amphipods (30.3% aggregate volume), 
gastropods (16.5%), and mysids (12.8%). The high percentage of amphipods in 
the diet differed from other studies at Beaufort Lagoon and elsewhere on the 
Beaufort Sea Coast in previous years, where mysids formed a major portion of 
the diet. A significantly higher number of oldsquaw in flocks (P < 0.05) were 
feeding while in lagoon open water (20.9%), ocean open water (27.1%), passes 
between barrier islands (53.0%), and ocean shoreline (34.3%), compared with 
numbers along barrier islands (4.5%), lagoon shorelines (7.6%), or internal 
lagoon spits (3.1%). Other variables (wave height, time of day, water depth) 
had no significant influence (P > 0.05) on oldsquaw behavior. Males molted 
earlier than females and most males (75%) were finished with molt when the 
majority of females (50%) were beginning molt (11-15 August). Males lost a 
significant amount of plucked body weight (wet weight), carcass weight, and 
breast muscle weight from premolt to early molt. A portion of that weight loss 
was recovered by the late molt stage. Abdominal fat deposits were utilized and 
not restored. Subcutaneous fat was maintained through the molt. Leg muscle 
weight increased through mid-molt then declined by late molt. Oldsquaw 
apparently catabolized small amounts of body fat and protein reserves in early 
molt to meet their nutritional needs in that period. The immobility of molting 
oldsquaw and their dependence on the lagoon food web to meet these high 
nutritional demands may make them highly susceptible to impacts on food sources. 
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ANWR Progress Report No. FY86-17 

Habitat use and behavior of molting oldsquaw on the coast of the Arctic National 
Wildlife Refuge, 1985. 

Large concentrations of oldsquaw gather in the Beaufort Sea coastal lagoons 
during the short open water season of summer (Johnson and Richardson 1981) when 
numbers along the Arctic National Wildlife Refuge coastline reach 30-35,000, by 
early August of each year (Bartels and Zellhoefer 1983, Bartels et al. 1984, 
Brackney et al. 1985a, Brackney et al. 1987,). Most oldsquaw in the coastal 
lagoons and bays at this time are males and non-breeding females undergoing the 
simultaneous primary feather (remige) molt (Johnson and Richardson 1981, Johnson 
1983, Bartels and Doyle 1984, Brackney et al. 1985b.) common to all waterfowl. 
These molt migrations by postbreeding males to congregation areas distantly 
removed from the breeding grounds are a universal behavior in migratory ducks 
(Bergman 1973, Salomonsen 1968). Molt migrations are considered adaptive because 
they reduce competition for food between males, breeding females, and broods 
(Salomonsen 1968). 

The remige molt has been described as the period of greatest stress in waterfowl 
because most species weigh the least at a time when nutritional demands of 
feather growth are high (Hanson 1962, Hanson and Jones 1976, Weller 1957.). The 
avian molt is a period of intense modification of physiological processes and 
adjustment of energy and nutrient budgets (King 1980). However, studies on 
waterfowl (Ankney 1979, Owen and Ogilvie 1979, Petersen 1981, Young and Boag 
1982, Ankney 1984, Bailey 1984) have concluded that remige molt was not stressful 
because body protein and fat reserves were comparable at the beginning and end 
of molt. A bird may respond to the nutritional demands of wing molt through an 
increase in nutrient intake, a compensatory reduction in other energy and 
nutrient demands, or the catabolism of body reserves if exogenous sources are 
inadequate (Ankney 1979, King 1980.). The strategy oldsquaw employ during molt 
will determine their ability to adapt to potential disturbances or habitat 
modification resulting from petroleum development. In earlier investigations 
of molting oldsquaw (Brackney et al. 1985b), an apparent trend toward lower body 
weights was detected in molting as opposed to premolt males captured for radio
telemetry studies. A portion of this study was initiated to further investigate 
that trend. 

Knowledge of oldsquaw physiological adaptations to molt and their dependence on 
specific habitats for food and shelter are needed to assess future impacts on 
the population. In order to provide that information, this study was initiated 
in 1985 with the following objectives. 

1. Determine the changes in oldsquaw body condition during molt. 
2. Determine time budget changes in relation to weather and habitat 
3. Quantify the diet of molting oldsquaw and compare that information 

with othe~ studies. 
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Study Area 

Postbreeding oldsquaw were studied at Beaufort Lagoon (Nuvagapak, Egaksrak), 
Angun Lagoon and Pokok Bay on the Beaufort Sea coastline of the Arctic National 
Wildlife Refuge, 64 km east of Barter Island and 56 km west of the U.S. - Canada 
border at Demarcation Point, Alaska. The lagoons and bay are elongated, brackish 
estuaries, 0-4 meters in depth, lacking vegetation and generally separated from 
the Beaufort Sea by low barrier islands. Openings to the ocean are narrow, and 
all lagoons in the study area are of the pulsing type (Hachmeister and Vinelle 
1983) with water exchange primarily limited to tidal movement and storm surges. 
The lagoons remain ice-covered until early July each year, although open water 
and over ice sheet flow may occur around the major deltas from spring snow melt. 
These open water areas are used extensively by early-arriving oldsquaw (Spindler 
1981). Oldsquaw numbers in the lagoons gradually increase through July and peak 
during the first week of August in a normal year (Brackney et al. 1987). A 
steady decline in numbers occurs through mid to late August as most oldsquaw 
complete molt and depart the refuge to the west. 

Methods 

Food habits and the effects of primary feather molt on body composition were 
analyzed for 100 oldsquaw collected by shotgun between mid-July and mid-August. 
Collected oldsquaw were immediately dosed with a small quantity of isopropyl 
alcohol to preserve food items in the esophagus. The birds were then stored in 
a cool location until body, muscle and organ measurements were taken, usually 
4-8 hrs .. 

Sex was determined by plumage and cloacal examination, and subadults were 
identified by the presence of a bursa of fabricus and plumage characteristics. 
Premolt birds were identified by feather wear of the primaries and lack of sheath 
remnants on the feathers. The length of the 1st, 5th and lOth primary feathers 
was measured as an index of molt progression. Since the lOth primary was the 
least variable in length of the 3 primary feathers or any combination of the 3 
in premolt birds, molt stage was categorized from the lOth primary length into 
4 time-molt classes: premolt, all old primary feathers present; early molt, lOth 
primary~ 40 mm; mid-molt, lOth primary> 40 mm and~ 80 mm; and late molt, lOth 
primary < 80 mm. 

Diet 

For diet analysis, only esophageal material was used to avoid bias associated 
with differential digestion of hard items in the gizzard (Swanson and Bartonak 
1970). Food items removed from the esophagus were fixed in 10% formalin and 
later rinsed and preserved in 70% ethanol. The esophageal contents were sorted 
by major taxonomic groups and counted. Volumetric measurements were taken by 
water displacement and the material was then dried for 24 hrs at 60°C and 
weighted to the nearest O.OOlg on an electronic scale. 

Condition Indices 

The following measurements were used as an index of body condition: whole fresh 
body weight; plucked weight (all feathers removed except small pin feathers and 
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down); carcass weight (body weight minus the head, the wing distal to the 
humerus, the intestinal tract and reproductive organs); and fresh wet weights 
of the gizzard, liver, heart, abdominal fat, whole plucked skin, and the breast 
and leg muscles from the right side. Breast muscles consisted of the pectoralis 
major, pectoralis minor, the supercoracoideus and minor corcobranchialis. The 
leg muscles consisted of all those which originated or inserted on the 
tibiotarsus. The protein reserve index (PRI) was used as an index of body 
protein levels (Ankney and Macinnes 1978, Bailey 1984) and for this study 
consisted of the combined weight of the gizzard, heart, breast, and leg muscles. 
Changes in body fat were inferred from differences in abdominal fat weight and 
whole plucked skin weight with subcutaneous fat deposits. All weights were taken 
on a balance scale to the nearest O.lg. 

Statistical tests for differences in weights were made with one-way analysis of 
variance (Sokal and Rohlf, 1984) in the Gl.M procedure of the statistical analysis 
system (SAS) (SAS Institute 1985) with unequal sample sizes. Means comparisons 
were tested with the least significant difference tests (LSD, Snedecor and 
Cochran 1967). 

Time budgets 

Differences in the quantity of feeding and other behaviors between habitats were 
estimated with standard time-budget methods. The behavior of all individuals 
located in similar habitat within sight of the observer were recorded with the 
~nstantaneous scan method (Altmann 1974). At 30 min. intervals, the observer 
scanned the flock and entered the behavior of each individual on a counter at 
the moment it was observed. Recorded behaviors included feeding; maintenance 
(preening and comfort movements); resting, inactivity with the bill tucked under 
the wing; swimming, locomotion without other associated behaviors; flying; and 
other behaviors which included aggression and predator avoidance. Observers 
watched the flocks for up to a minute after recording the behavior of birds on 
the water's surface to account for oldsquaw under the surface during a scan. 
Oldsquaw on the surface between dives were counted as feeding individuals. 

In conjunction with behavior, the habitat type, water depth from navigational 
charts, wave height within 15 em increments, time of the day, and general weather 
conditions were recorded. Habitats were distinguished hierarchically into 
primary, secondary, and tertiary categories. Primary habitats were ocean and 
lagoon. Secondary habitats included barrier islands, sand spits inside lagoons, 
mainland shorelines, passes (breaks between barrier islands), open water, and 
delta mudflats. Oldsquaw in the water within 200 m of a barrier island, spit 
or shoreline were included in that habitat type. Water and land comprised the 
tertiary habitats. 

For statistical analysis, each 30 min. scan of a flock was considered a case 
replicate. Only flocks with a minimum of 25 birds were included in the data 
analysis. The proportions of each behavior displayed by a flock within each 
scan were arc-sine square root transformed to stabilize the variances (Sokal 
and Rohlf 1981). ANOVA were performed on feeding behavior as the primary 
dependent variable with the Gl.M procedure of SAS, and LSD test for mean 
comparisons. Means and standard deviations reported in the text are presented 
as untransformed percentages to put them in more meaningful terms. 
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Results 

Diet 

Only 18 of the 100 oldsquaw collected during the study contained identifiable 
food items in the esophagus. Foods in oldsquaw esophagus were composed primarily 
of crustaceans and mollusks (Table 1). The plant materials in the sample were 
probably ingested incidental to the consumption of invertebrates. 

Table 1. Esophageal contents of 18 oldsquaw collected on the Beaufort Sea 
coast of the Arctic National Wildlife Refuge, July - August 1985. 

Percentage of Aggregate Total a 

Taxa Dry weight Volume % occurrence (N=l8) 

Crustacea 36.4 56.9 88.9 
Arnphipods 17.8 30.3 88.3 
Mysids 7.7 12.8 50.0 
Isopods 5.0 7.3 33.3 
Cumaceans 5.8 7.3 22.2 
Ostracods trb 0.9 11.1 
Copepods tr 0.3 5.6 

Molluska 45.8 23.9 44.4 
Gastropods 31.7 16.5 33.3 
Pelecypods 14.2 7.3 16.7 

Unidentified Animal 16.9 17.4 100.0 

Plant 0.9 1.8 33.3 

8Total material (Dry wt. or volume) in that species/Total material in sample 
btr = < 0.1 

Gastropods (snails) and pelecypods (bivalves) of the molluska made up a slightly 
higher percentage of the dry weight (45.8%) than crustaceans (36.4%), but were 
considerably less important than crustaceans if percent volume was used as the 
criteria. Mollusks made up 23.9% of the aggregate volume and occurred in 44.4% 
of the oldsquaw compared to 56.9% of the aggregate volume and 88.9% occurrence 
of crustacea. Since a large proportion of the mollusk weight was shell, 
aggregate dry weight probably overestimated the contribution of that group to 
the overall diet. 

Specific taxa of importance in the diet by aggregate volume were amphipods 
(30.3%), gastropods (16.5%) and mysids (12.8%). Isopods, cumaceans and 
pelecypods each accounted for 7.3% of the aggregate volume. Oldsquaw collected 
at Beaufort Lagoon in 1985 consumed substantially more amphipods ( 30.3% dry 
weight) than those sampled at Beaufort Lagoon in 1982 (13.1% wet weight, Johnson 
1983), at Simpson Lagoon near Prudhoe Bay in 1977-1978 (14.2% aggregate volume, 
Johnson 1984) and offshore in the Beaufort Sea (23% dry weight, Divoky 1984). 
Fish, which comprised a large part of the sample taken by Johnson (1983) at 
Beaufort Lagoon in 1982, were absent from the esophagi of the oldsquaw collected 
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in this study. As in other studies (Johnson 1983, Johnson 1984), infaunal 
benthos (bivalves, cumaceans) made up a small percentage of the diet. 

Time budgets 

Since resource use within the lagoons is closely tied to food sources, the 
analysis focused on feeding as the primary behavior of concern. A 4-factor 
ANOVA with wave action, water depth, habitat and time as independent variables 
was performed on the Arc-sine transformed proportions of oldsquaw feeding in 
each flock scan. The time of day was categorized for each observation into 
classes: (0-0559, 0600 - 1159, 1200 - 1759, 1800 - 2400 hr), and water depth 
was categorized into 1 m increments. Only flocks observed on the water were 
included in the analysis. 

Of the 4 independent variables, only habitat had a significant influence (P < 
0. 05) on feeding behavior. Significantly higher proportions of oldsquaw in 
flocks were observed feeding while in passes (53. 0%) than in other aquatic 
habitats (Table 2). Likewise, significantly more oldsquaw (P < 0. 05) were 
feeding while in the open water of lagoons (20.9%), in the ocean (27.1%), and 
along ocean mainland shorelines (34. 3%), then along barrier islands on the lagoon 
side (4.5%) or the ocean side (4.5%), along lagoon spits (3.1%), or along lagoon 
mainland shorelines (7.6%). 

Table 2. Mean percentages of flock behavior shown by oldsquaw in various 
habitats. 

Behavior 
Habitats Na Feeding5 Preening Swimming Flying Resting 

Lagoon 
4. 5d9 Barrier Island 14 18.4 22.1 0.1 54.1 

Spit 13 3 .ldg 19.0 4.1 0.1 72.0 
Open Water 68 20. 9efg 16.2 5.1 1.5 55.7 
Shoreline 39 7. 6dfg 14.4 9.9 trc 67.8 

Ocean 
Barrier Island 7 4.5dg 11.4 19.0 29.8 35.4 
Open Water 35 27.1 efg 15.0 12.3 3.3 42.2 
Shoreline 7 34. 3efg 5.9 :n.8 2.5 25.4 

Pass 13 53.09 10.5 9.2 tr 27.1 
Land 21 0.1 38.9 0.0 0.0 60.9 

asample size (No. of flock scans). 
bSame letter = significant difference (P < 0.05) Duncan's multiple range test 
cTr= < 0.1% 

Resting, the most frequent behavior, was seen most often on land, along barrier 
islands shorelines and open water of lagoons (54.1-67.8%). Preening behavior 
was fairly consistent (5.9-19%) between habitats. High winds and heavy waves 
did not appear to affect resting or preening behavior. 
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Timing of Molt 

The primary period of molt for oldsquaw during the study was from early to mid 
August. Of the oldsquaw collected during the period 4-16 August, a significantly 
higher proportion of the males (X2 = 100.3, P < 0.001) and females (X2 = 12.6, 
P < 0.005) were in molt than those taken 16-31 July (Table 3). Although there 
was no significant difference (X2 = 0. 96, P 2:: 0. 05) between sexes in the 
proportions of molting and premolt oldsquaw during 16-31 July, a significantly 
higher proportion of the males (X2 = 43.7, P < 0.001) than females were molting 
during the 4-16 August period. Nearly 50% of the females collected in 4-10 
August and 37.5% collected 11-16 August had not yet started to molt while only 
6.4% and 3.6% of the males were in the premolt stage on 4-10 August and 11-16 
August, respectively. By 11-16 August, 75% of the males were in the late stages 
of molt while only 12.6% (2 of 16) of the females had progressed past the early 
molt stage. No differences in the chronology of molt were detected between age 
classes. 

Table 3. Percentages of oldsquaw collected at Beaufort lagoon in various 
stages of molt progression, July-August 1985, Arctic National 
Wildlife Refuge, Alaska. 

Molt Stage 
Period N Premolt Early Molt8 Mid Moltb Late Moltc 

Males 
16-31 July 18 72.2 27.8 0 0 

4-10 Aug 16 6.3 18.8 50.0 25.0 
11-16 Aug 28 3.6 3.6 17.9 75.0 

Females 
16-31 July 9 88.9 11.1 0 0 

4-10 Aug 12 50.0 50.0 0 0 
11-16 Aug 16 37.5 50.0 6.3 6.3 

8 10th Primary ::; 40 mm 
blOth Primary > 40 mm and ::; 80 mm 
clOth Primary > 80 mm 

Condition Indices 

The best indicators of an adequate diet and the degree of stress placed on the 
oldsquaw by primary feather molt are the changes in fat and protein content of 
the body. Condition indices provide good indicators of protein and lipid levels 
in the body, particularly for trends and comparative purposes. Bailey (1979) 
examined 9 condition indices for fat in redhead ducks in relation to 
ether-extractable body fat and derived correlation coefficients (R) of 0.83 for 
abdominal fat weight, and 0.90 for plucked skin weight and skin fat weight. Wet 
weights of various muscle masses have also been used as indicators of body 
protein levels in waterfowl (Ankney and Macinnes 1978, Bailey 1984). 

Age classes were combined for analysis of condition indices because T-tests 
performed on body weights, organ weights and feather measurements showed no 
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significant differences between adult and subadult age classes (P ~ 0.05). 

Body Weights: Body weights were variable and not significantly different between 
molt stages (P ~ 0.05) despite a decrease of 62.2g from premolt to early molt 
in males (Table 4), and a 9.5g decrease in females (Table 5). Males suffered 
significant (P < 0.05) losses of 65.9g and 71.2g in plucked body and carcass 
weights, respectively. Male body weights increased from early to late molt but 
the differences were not significant (P ~ 0.05). 

Table 4. Condition indices of male oldsquaw taken during progressive stages of primary 
feather molt, Beaufort lagoon, Arctic National Wildlife Refuge, 1985. 

Molt Stage 
Condition Index Premol t Early molt Mid molt 

(15)a (9) ( 13) 
Whole body 850.3 + 71.8b 795.1! 82.5 824.9 ! 58.3 
Plucked body 814.6 ~ 71.0*c 748.7! 78.4 759.6! 51.7 
Carcass 613.4! 61.4* 542.2 !,_60.7 555.5 ! 44.0 
Plucked skin 140.7!28.6 147.5 ! 36.1 159.0 !,_19.1 
Abdominal fat 11.1 ! 16.0* 3.1! 3.5 1.8! 1.6 
Gizzard 16.1 ! 3.1 15.7! 4.7 15.5 ! 2.8 
Heart 10.6! 2.1 9.7! 0.8 10.7! 1.1 
Liver 36.3 ! 9.0 33.2 ! 6.2 34.7! 5.2 
1/2 breast muscle 72.9 ! 6.6* 49.7 + 4.5 49.4 ! 3.3* 
1/2 leg muscle 12.9 ! 2.0* 15.3 ~ 1.3 16.5 ! 1.5* 
PRI 111.7 ! 7 .6* 90.4 ! 9.2 92.1 ! 6.3* 
FRI 116.6! 30.1 115.5 ! 39.0 125.8 ! 19.6 

Sample size (N) 
bMean!Sd (g) wet weight 
c* Significantly different (P < 0.05) from the next adjacent mean. 

Late molt 

(24) 
813.2 ! 50.3 
758.5 ! 48.3 
562.8 ! 38.9 
142.4 ! 21.1 

1.0 ! 0.6 
16.1 ! 3.2 
10.0! 1.0 
36.1! 5.6 
58.1! 5.4 
15.3! 1.3 
99.5 ! 7.5 

108.3 ! 21.4 

F Value 

2.04 
3. 10* 
5.33* 
1.50 
4.05* 
0.18 
1.20 
1.19 

47.50* 
11.50* 
20.51* 
1.26 

Fat Reserves: A fat reserve index (FRI) (Ankney and Macinnis 1978) was 
calculated from the sum of abdominal fat and skin fat weights. Skin fat weights 
were obtained by subtraction from skin weight of 35g, the skin weight of starved 
redheads (Bailey 1984) of comparable size. FRI did not change significantly (P 
~ 0.05) in either males or females with progressive growth of the lOth primary 
feather. Sample sizes of females in mid and late molt were not adequate for 
statistical analysis. The non-significant decrease in FRI in males ( 8. 3g) 
resulted primarily from a 91% decrease in abdominal fat weight from a mean of 
ll.lg in premolt to 1. Og in late molt. Skin weights showed no significant 
trends. Therefore, during the 2-3 week molt period male oldsquaw apparently 
catabolized only 8-lOg of body lipids (316-395 kj) which is 22-28kj of energy 
a day over a two week period. If oldsquaw basal metabolic rate (BMR) is 
predictable by the Beta equation of Aschoff and Pohl (1970), energy from 
catabolized fat was less than 10% of the 260 kj/day expended on basal metabolism 
in an 800 g male, but only 3-5% of daily energy expenditure at 2-3 x BMR. 

Protein Reserves: Wet weights of the gizzard, heart, and liver were not 
significantly altered between molt stages and showed marked uniformity in weight. 
Initially, both male and female oldsquaw had significant (P < 0.05) decreases 
in PRI from premolt to early molt followed by a significant (P < 0.05) gain in 
protein reserves in males, from the mid to late molt stages. These changes were 
driven by a significant (P < 0.05) 42% drop in breast muscle weight from premolt 
to early molt and a gain (nonsignificant) in mean breast muscle weight from mid 
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Fig 1. Curvilinear regressions of oldsquaw breast muscle and leg 
muscle weight against the length of the lOth primary 
feather during molt. 
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to late molt. Leg muscle weights varied in the opposite direction with 
significant (P < 0.05) gains from premolt to mid molt and a significant (P < 
0.05) decrease in weight from mid to late molt. Curvilinear regressions of these 
changes (breast and leg muscle weight on the lOth primary length) in males (Fig. 
1) shows a close relationship of this phenomena with flight capability. As the 
primaries became sufficiently long to allow exercise of the pectoral muscles, 
such as wing flapping, the muscle mass increased. Leg muscle mass began to drop 
shortly after breast muscle started to gain weight. 

Table 5. Condition indices of female oldsquaw taken during progressive stages of primary 
feather molt, Beaufort lagoon, Arctic National ~ildlife Refuge, 1985. 

Molt Stage 
Condition Index Premolt Earl:t molt Mid-molt Late molt F Value 

(20)a b (15) ( 1) (1) 
~hole body 731.3 :. 61.2 721.8:.47.4 696.2 703.3 0.23 
Plucked body 693.9 :. 58.5 678.6:. 52.8 643.1 651.9 0.53 
Carcass 538.2 :. 83.4 507.0:. 48.7 495.8 489.7 0.69 
Plucked skin 126.9 :. 34.9 144.4 :. 30.6 132.4 129.9 0.80 
Abdominal fat 5.4 :. 3.9 2.6 + 2.4 1.0 1.4 2.45 
Gizzard 12.1:. 1.9 10.6! 1.4 11.0 9.1 2.64 
Heart 10.0 :. 2.2 8.8 :. 1.2 10.5 8.9 1.20 
Liver 34.2 :. 5.6 31.8:. 3.5 25.5 29.0 1.68 
1/2 breast muscles 63.1 :. 5.9*c 48.1 + 6.6 40.0 47.2 19.78* 
1/2 leg muscles 12.6 :. 1.5* 15.2! 1.7 15.5 13.5 8.33* 
PRI 97.7:. 7.1* 82.8:. 7.7 77.0 78.7 14.04* 
FRI 97.3 :. 38.4 112.0:. 32.5 98.4 96.3 

b (N) 
Mean :. S.D. (g) wet weight 

c* Significantly different (P < 0.05) from the next adjacent mean 

The large weight fluctuations in males were largely a function of the PRI changes 
with molt. The muscle weight changes for both sides of the body (2x breast + 
2x leg weight change) plus the abdominal fat lost from premolt to early molt was 
49.6g in males and 27.6g in females. These tissues accounted for only 69% and 
88% of the carcass weight loss in males and females, respectively. The 
additional weight loss came from other fat sources, other skeletal muscles or 
from moisture loss in proteinaceous tissue. However, body water tends to rise 
in proteinaceous tissues during molt (Dolnik and Gavrilou 1979, Ankney 1984), 
which would place protein catabolism at an even higher level than shown by the 
indices. 

Discussion 

The varied diet of oldsquaw highlights the opportunistic nature of their food 
selection (Sanger and Jones 1984), in which they tend to take epibenthic prey 
in proportion to the availability (Peterson and Ellarson 1979, Johnson 1984). 
Oldsquaw diets may be affected by the differences in availability of certain 
taxa seasonally and annually within a lagoon or between lagoons (Griffiths and 
Dillinger 1981, Jewett et al. 1983). Fluctuations in epibenthic invertebrate 
biomass and numbers within lagoons may result from changes in predator (fish) 
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density, disruption in invertebrate migration into or out of lagoons, or shifts 
caused by winds or currents (Griffiths and Dillinger 1981). Such changes in 
invertebrate abundance may underscore the seasonal and annual variability in 
lagoon use by oldsquaw and may explain the marked differences in diet between 
locations and between years in the same location. 

The high incidence of feeding by oldsquaw in passes indicated that a high 
availability of invertebrates existed in those areas, at least on an intermittent 
basis. Mysids, which migrate in and out of lagoons (Griffiths and Dillinger 
1981), may have created a temporarily high biomass of food in passes at certain 
times, perhaps in relation to the pulsing action of tidal movements. Oldsquaw 
were commonly observed loafing onshore along the points of barrier islands at 
passes. This have may have allowed them better access to temporally abundant 
food sources and may have also allowed access to open water inside or outside 
of the lagoons. Although differences in behavior in relation to wave height were 
not detected, oldsquaw may choose habitats which provide protection from wind 
and wave action (Johnson and Richardson 1981) as opposed to altering their time 
budgets in response to weather. Radio-fitted oldsquaw located by Bartels et. 
al. (1984) and Brackney et al. (1985b) occurred along barrier islands and passes 
at a higher frequency than expected from available habitat area (Brackney et al. 
1985b). Thus passes may provide the most flexibility for the birds to meet their 
needs of both food and shelter. The increased feeding behavior by oldsquaw in 
open water habitats in this study coincides with Griffith and Dillinger's (1981) 
finding that a higher biomass of epibenthic invertebrates occurred in the 
mid-lagoon area of Simpson Lagoon in 1977-78. 

The decrease in protein reserves and body weight by male oldsquaw demonstrated 
an immediate demand at the onset of primary feather growth for protein and energy 
which the birds did not acquire from exogenous sources. However, oldsquaw were 
not able to replace all of the catabolized protein from food sources before 
feather growth was complete. Catabolized abdominal fat reserves were not 
recovered by male oldsquaw before completion of molt, although oldsquaw appeared 
to maintain energy intake at maintenance levels through mid and late molt. 
Because oldsquaw spent a majority of their time resting and preening while 
catabolizing body protein and fat reserves, feeding behavior may have been 
attenuated for physiological or environmental reasons during early molt. 
Inadequate food resources and/or increased thermoregulatory costs from reduced 
feather insulation may have made feeding too costly compared to the benefits 
during periods of reduced water temperatures, high wave action, excessive 
turbidity or large shifts in epibenthic invertebrates caused by wind driven 
currents. Although weather had little effect on feeding behavior within habitats 
in this study, qualitative observations have shown increased use of open water 
habitats (where food resources are greater) by oldsquaw during periods of calm 
weather (Brackney et al. 1985b). New pin feathers are engorged with blood and 
extremely delicate. Since oldsquaw use a wing flapping type of underwater 
propulsion (Snell 1985), feeding may have been avoided during the early molt 
period to prevent mechanical damage to the new growing primaries. 

A decrease in breast muscle weight and an increase in leg muscle weight, similar 
to this study, has been demonstrated in interior Canada geese (Hanson 1962), 
mallards (Young and ~oag 1982), snow geese (Ankney 1979), and redheads (Bailey 
1984). Redheads (Bailey 1984) did not lose body protein but shifted protein from 
the breast into other proteinaceous tissues including the legs. Hanson (1962) 
suggested that protein from the pectoral muscles was catabolized to provide 
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essential amino acids for hypertrophy of the leg muscle and feather growth. 
However, Ankney (1979) contended that the decrease in mass of the breast muscles 
by snow geese was from disuse atrophy and that leg muscles increased in mass from 
additional use. Ankney (1984) conceded that the rapid decrease in breast muscle 
of brant was partly due to protein catabolism to supply protein to the leg 
muscles as well as to disuse. Why females oldsquaw showed proportionally smaller 
losses in breast muscle and body weight is unexplained by the available data. 
Bailey (1984) found that male redheads maintained protein reserves in non
breeding years, but not in breeding years when energy and protein demands were 
higher; an indication that waterfowl maintain reserves through molt when 
possible. An alternative to Ankney's hypothesis is that the male oldsquaw, which 
molted earlier than females, had less available food during early molt and were 
not able to sustain the protein demands of early molt. Griffiths and Dillinger 
(1981) found large differences in the timing of peak invertebrate abundance at 
Simpson Lagoon between 1977 and 1978. In 1977, mysid and amphipod biomass did 
not peak until after 15 August; the period in 1985 when most females were 
entering molt. 

Oldsquaw in all stages of primary feather molt are highly dependent on several 
lagoon habitats for food and shelter. Barrier islands and internal lagoon spits 
serve as shelter from prevailing NE winds and for basking/loafing sites. Loafing 
on islands and spits probably reduces thermoregulatory costs and such locations 
are less accessible to predators. Presumably passes between barrier islands 
allow temporally high food resources and access to the open ocean and lagoon 
habitats. Open water, under suitable conditions, provides the necessary food 
resources to meet the high energy and protein costs of molt. Since these costs 
are such that oldsquaw must both catabolize body energy and protein reserves and 
feed during molt, they are dependent on available food resources. Therefore, 
in their state of reduced mobility, molting oldsquaw may be highly susceptible 
to habitat alteration and perturbations of the food web. 
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MH'TR Progress Report No. FY86-24 

A preliminary study of epibenthic invertebrates and water quaJity in coastal 
lagoons of the Arctic National Wildlife Refufe. 

~hchael A. Snindler, Rosa H. lV[eehan, and Alan vl. Bracl<:ney, U.S. Fish and 
Wildlife Service, Arctic National Wildlife Refuge, Northern Alaska Ecological 
Services and Arctic National Wildlife Refuge, Fairbanl<:s, AK. 

Abstract: A preliminary study of factors which affect the distribution and 
abundance of epibenthic invertebrates in coastal lagoons of the Arctic 
National l:lildlife Refuge was conducted during .Tuly early Au.r;ust 1981. 
Invertebrate abundance was hypothesized as a factor affecting waterfowl 
abundance and distribution. Samples from 5 net grabs at stations in each of 4 
habitat types (mainland shoreline, mid-lagoon, barrier island, pass) in 8 
lagoons showed no significant differences in numbers of mysids, amphipods, 
large amphipods ( Onismus sp + Gammarus sp.) or totaJ invertebrates between 
lagoons or betvreen habitat types. T>vo additional stations were placed in 3 
habitat types (mainland, mid-lagoon, barrier island) at Tamayariak Lagoon and 
one additional station was placed in mainland and barrier island habitats at 
Brownlow IJagoon. Significant differences in total invertebrate numbers were 
found between stations in the same habitat types at Brownlow lagoon. At 
Tamayariak, large differences existed between barrier island stations in total 
nu'mbers of invertebrates, amphipods, and total amphi pods. Mid-lagoon stations 
vrere significantly different in total invertebrate and mysid numbers. 
Temporal variability in invertebrate abundance also occurred at stations in 3 
laeoons that were sampled a second time in late August or early September. 
Measurements of surface temperature, bottom temperature, surface salinitv, 
bottom salinity, depth, a_nd visibility vrere not significantly correlated with 
invertebrate abundance. Invertebrate abundance was not significantly 
different between bottom types (sand, mud, peat, mixed). The very high 
spatial and temporal variability in invertebrate numbers will necessitate a 
~ore complex and intensive samnling plan in future studies to delineate trends 
in invertebrate distribution and abundance within and between lagoons. 
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AN"\ITR Progress Report No. FY86-24 

A preliminary study of epibenthic invertebrates and water quali tv in coastal 
lagoons of the Arctic National Wildlife Refuge. 

Lagoons and other nearshore areas along the Beaufort Sea coast are important 
staging and feeding areas for migratory waterfowl (Johnson and Richardson 
1981, Divoky 1983). Spring migrating 1vaterfowl, primarily eiders and 
oldsqua"t-r, use river overflow areas near deltas as rest stops and frequently 
concentrate in the limited open water they offer prior to breakup of tundra 
nesting areas. Use increases throughout the open water season with peak 
densities occurring in late July to early August when male oldsquaws 
congregate in the lagoons to molt prior to fall migration (Schmidt 1970, 
Spindler 1978, 1979, 1981, Johnson 1982, U.S. Fish and Wildlife Service 1982, 
Bartels and Zellhoefer 1983). Maximum recorded densities of oldsquaw in 
nearshore lagoon waters of the Arctic National Wildlife Refuge (ANWR) ranged 
from 20.6-92.0 birds/km2 for surveys conducted from July 1981 to August 1985 
(Spindler 1981, Bartels and Zellhoeffer 1983, Bartels and Doyle 1984, Brackney 
et al. J 985, Brackney et. al. 1987). Invertebrates are the primary food 
source of oldsquaw (Johnson 1984), seaters (Sanger and Jones 1984), and eiders 
(Bellrose 1980). An understanding of factors affecting invertebrate 
abundance and distribution in lagoons habitat types may shed some light on the 
annual and seasonal variabili tv of waterfowl use in the coastal lagoons of 
ANWR, and allow assessment of potential impacts from proposed petroleum 
development in or adjacent to the lagoons. 

Methods and Materials 

Modified 'Clutter Nets', a central pursing drop-net developed for the Simpson 
Lagoon studies (Johnson and Richardson 1981) w·ere used to sample epi benthic 
invertebrates in ANWR Lagoons. The net screeninf was l. Omm ni tex, and the 
purse collar was nylon ballistics cloth with 0. 6t? cm2 atlas netting around 
the margin. The net was operated by folding the purse collar back over the 
metal frame so that the metal rings on the collar encircled the bottom edge of 
the frame. With both the top and the bottom of the net open, it was dropped 
to the bottom. Both purse lines were immediately pulled to enclose the sample 
in the net. The sample was then washed down the sleeve into a collecting 
bucket and the net was inspected to insure that all organisms had been 
removed. Samples were preserved with 10% Formalin and placed in sealed 
\vhirl-Paks immediately after capture. Concurrently with invertebrate 
sampling, salinity and water temperature were measured at the surface and on 
the bottom at each station with a portable meter. VisilYi.lilty was taken with 
that Secchi disc and bottom type was infered from material brought up with the 
cluster net. 

Nine lagoons were sampled out of 19 lagoons on the refuge. Those lagoons 
selected include an assortment of oldsquaw use levels: high (Brownlow L., 
Kaktovik L., Oruktalik L.) medium (Tamayariak L., Simpson L. Tapkaurak L.) and 
lo1.;, (Arey L., Jago L., Pokok L.) based on survey data (Spindler 1981). 
Lagoons were divided into 4 habitat types with a sampling station in each 
habitat; at the entrance to the lagoon (pass), near the mainland shore 
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(mainland), in the middle (mid lagoon) and near the inner shore of the barrier 
islands (barrier island). Five drop net samples were taken at each station. 
I11. Brownlow Lagoon the sample station in the middle of the lagoon was deleted 
due to the limited width of the lagoon. In 2 lagoons, Brownlow and 
Tamayariak, 2 or 3 stations were sampled per habitat. All 9 lagoons were 
sampled between 28 July and 7 August 1981. Three lagoons were sampled a 
second time at the same stations between 13 August and 9 September. Ideally 
all stations within a lagoon were sampled in a single day, however, some 
lagoons were sampled over 2 or more days because of the time required for each 
station or poor weather conditions. 

For lagoon, habitat, and water quality comparisons of invertebrate abundance, 
the 5 samples at each station were combined to avoid pseudoreplication 
(Hurl bert 1984). Because sample sizes were small, nonparametric Freidmans 
rank 2-way analysis of variance tests (Hollander and 1/Jolfe 1973) were used for 
between-lagoon comparisons with habitat (strata) used as the block. Within 
lagoon comparisons were examined with i'lilcoxson and Kruskal-Wallis rank sum 
tests (Hollander and Wolfe 1973). Each of the 5 samples per station were 
treated as a replicate for comparisons within habitats within a lagoon. 
Standard correlation analysis (Snedecor and Cochran 1967) were used to 
investigate relationships between invertebrate abundance and water quality 
parameters. 

Results 

Invertebrates 

Species Present. A total of 43 invertebrate taxa were identified from the 
drop-net samples gathered in each of 9 lagoons on ANWR (Table 1). Of these, 
29 were identified to species and the remalnlng 14 to genus or family. 
Tamayariak Lagoon had the greatest species richness with 2g species presen+,. 
More typically, lagoons of intermediate richness (Brownlow, Simpson, Arey, 
Jago, Tapkaurak and Oruktalik) contained 15-19 taxa. Pokok and Kaktovik 
Lagoons showed the lowest richness with ll and 15 taxa, respectively. 

Varial)ili ty Between Lagoons. The Freidmans rank test failed to detect any 
significant differences (P "?"' 0.05) in total numbers of invertebrates (Table 
2), total numbers of amphipods (Table 3), or numbers of large amphipods 
(Onisimus sp. + Gammarus sp.) (Table 4) between lagoons. The tests for 
differences in total numbers of mysids (Table 5) were significant (P~ 0.02) 
but no significant comparisons (P ~ 0.05) were found between individual 
lagoons. Thus, all lagoons were either similar or the sampling scheme was not 
sufficient, given the level of variability in invertebrate abundance, to 
detect difference between lagoons when within lagoon (strata) differences were 
accounted for by the Friedmans test. 

Variability Between Habitats. Differences between habitats 
using the Freidmans test by considering habitats as treatments, 
blocks. Significant differences were found between habitats in 
numbers and total mysid numbers (P ..:::. 0.05). No differences 
between habitats for total invertebrate numbers (P = 0.15). 
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Table l. List of epibenthic invertebrates and incidentally-caught fauna 
identified in drop-net samples from coastal lagoons of the Arctic 
National Wildlife Refuge, July-August 1981. 

INVERTEBRATES a 
Aceroides latipes 
Alcyonidium disciforme 

Amphipodsb 
Acanthostepheia incarinata 
Acanthostepheia behringiensis 
Apherusa glacialis 
Apherusa megalops 
Atylus carinatus 
Boechosimus affinis 
Gammaricanthus loricatus 
Gammarus setosus 
Gammarus sp. 
Monoculodes-crassirostris 
Monoculodes schneideri 
Monoculopsis affinis 
Monoculopsis longicornis 
Oedicerotidae 
Onisimus littorals 
Onisimus gracialis 
Parathermisto abyssarum 
Paroediceros lybnceus 
Pontoporeia affinis 
Pontoporeia efemerata 
Weyprichtia heiglini 
Weyprichtia sp. 

Bivalves 
Portlandia arctica 

Bryozoans 

Copepods 
Acartia clausia 
Calanus glacialis 
Calanus hyperboreus 
Jashnovia to11i 
Limnocalanus grimaldi 
Pseudocalanus sp. 
Harpactucoid copepod 

Cumacean 
Diastylis subcata 

Diptera 
Hiperia sp. 

a. Phylum 
b. class or family 

~71 

Hydroid 
Corymorpha flammea 
Coryne princeps 
Perigoniums yoldia-arctica 
Tubularidae-hydroid polyp 

Isopoda 
Saduria entomon 

Lysianassidae 

Mysids 
Mysis li toralis 
Mysis relicta 
Mysis sp. 

Polychaetes 
Sphaerodoropsis minnta 
Rozinante fragilis 
Stenothoidae 

VERTEBRATES 

Pisces - Fish 

Cottidae - sculpin 
I~yrocephalus sp. ( 4-horned sculpin, 

Gadidae - cod 
Liparus sp. 



Table 2. Numbers of invertebrates collected, by stations, in 8 coastal 
lagoons on the Arctic National \IJilrHife Refuge July-August l98J. 

Station Location (habitat) 
Barrier 

Lagoon Mainland Mid Lagoon Island Pass 

Tamayariaka 89 131 67 ll 
Simpson 61 55 l7 24 
Arey 54 46 15 20 
Kaktovik 7 15 15 57 
Jago 14 21 32 5 
Tapkaurak 24 7)2 21 25 
Oruktalik 38 85 194 12 
Pokok 10 59 12 8 
a Mean of 3 stations per habitat 

Table 3. Numbers of amphipods collected, by stations, in 8 coastal lagoons on the 
Arctic National Wilnlife Refuge July-August 1981. 

Station Location (habitat) 
Barrier 

Lagoon Mainland (rank) Mid Lagoon (rank) Island (rank) Pass (rank) 
Tamayariak na(6)b 27a(8) 35a(3) 10 (6) 
Simpson 24 (9) 3 ( 2) 6 (2) 13 (8) 
Arey 18 (8) 4 (3) 5 ( l) 5 ( 4) 
Kaktovik 5 ( l) 0 ( l) 7 ( 5) 7 (5) 
Jago 12 ( 4. 5) 9 (4) 22 ( 6) 2 ( l) 
Tapkaurak 8 (2.5) ll (5) 8 (3) 20 (9) 
Oruktalik 12 (4.5) 20 (6) 74 (g) 6 (2.5) 
Pokok 8 (2.5) 23 (7) 10 (4) 6 (2.5) 
Brownlow l6C(7) 28C(7) ll (7) 
a Mean of 3 stations per habitat 
b rank in parenthesis 
c Mean of 2 stations 
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Table 4. Numbers of large amphipods (Onisimus sp + Gammarus sp) collected, by 
station, in 8 coastal lagoons on the Arctic National Wildlife Refuge 
July-August 1981. 

Station Location ~habitat) 
Barrier 

Lagoon Hainland (rank) Mid Lagoon (rank) Island (rank) Pass (rank) 
Tamayariak 2a(8.5) 1a(5) 5a(7) l (6.5) 
Simpson l ( 6) 0 (2) 2 (2.5) l (6.5) 
Arey 1 (6) l (5) l (l) 0 (3) 
Kaktovik 0 (2.5) 0 (2) 3 (5) 0 (3) 
Jago 0 (2.5) 4 (7) 3 (5) 0 (3) 
Tapkaurak 0 (2.5) l (5) 3 (5) 0 (3) 
Oruktalik 0 (2.5) 8 (8) l (g) 0 (3) 
Pokok 2 (8. 5) 0 (2) 2 (2.5) 0 (3) 
Brownlow l (6) 10 (8) 3 (8.5) 
a Mean of 3 stations per habitat 
b rank in parenthesis 
c Mean of 2 stations 

Table 5. Numbers of mysids collected by station in 8 coastal lagoons on the 
Arctic National Wildlife Refuge July-August 1981. 

Station Location (habitat) 

Lagoon 
Tamayariak 
Simpson 
Arey 
Kaktovik 
Jago 
Tapkaurak 
Oruktalik 
Pokok 
Brownlow 

l\1ainland (rank) 
4?a(8) 
36 (7) 
33 ( 6) 

3 (3) 
2 ( 2) 

14 (4) 
2'5 (4) 

l ( 1) 
43b(g) 

a Mean of 3 stations per habitat 
b Rank in parenthesis 
c Mean of 2 stations 

Mid Lagoon 
49a(7) 
19 (4) 
42 ( 6) 

5 (2) 
3 ( 1) 

17 (3) 
64 (8) 
28 (5) 
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Barrier 
(rank) Island (rank) 

29a(7) 
8 (4) 

10 (5.5) 
1 ( l) 
3 (3) 

10 ( 5. 5) 
95 (g) 

2 ( 2) 
65b(8) 

Pass (rank) 
l ( 2) 
8 (7) 

12 ( 8. 5) 
2 (3) 
3 (4) 
4 ( 5) 
6 (6) 
0 ( l) 

12 (8.5) 



barrier island stations had significant more (P £ 0.01) individuals than 
passes, but all other comparisons were not significant (P 7 0.05). Likewise, 
mid-lagoon stations contained significantly (P 0.03) more mysids than 
passes. Despite these two significant comparisons, the analysis revealed no 
clear trends in invertebrate abundance within lagoons. 

Variability within Lagoons. A within-lagoon comparison was possible in the 
examination of the variability between stations in the same habitats at 
Tamayariak and Brownlow Lagoon. Two stations per habitat were sampled at 
Brownlow lagoon and 3 stations per habitat were sampled at Tamayariak Lagoon. 
At Brownlow, significant differences were detected between mainland shoreline 
stations and also between barrier island stations in total numbers of mysids 
(P< 0.05), total number of amphipods (P <0.05), and total invertebrate 
numbers (P <... 0. 05). At Tamayariak JJagoon, Kruskal-Wallis tests on 3 stations 
in each of the mainland shoreline, mid-lagoon, and barrier island habitats 
showed significant differences in total amphipod numbers between barrier 
island stations (P < 0.02); total mysid numbers between mid-lagoon stations 
(P -<.. 0.05), and between barrier island stations (P <. 0.01), and tot::tl 
invertebrate numbers between mid-lagoon stations and between barrier island 
stations. No significant differences were found between mainland stations in 
total mysid numbers (P 0.21), and total amphipod numbers (P 0.29). 
Amphipod numbers were also significantly different between mid-lagoon stations 
(P = 0.32). Apparently stations within the same habitat and lagoon may he 
similar in the abundance of one invertebrate group but not in others, or may 
be highly dissimilar in all groups and in total numbers of invertebrates. 
Alternatively, varia hili tv in some invertebrate groups may be too high fo-r:
differences to be detected by this sampling intensity. 

For final examination of within-lagoon variability, drop net samples at each 
station were combined and a Kruskal-Wallis test for differences between 
habitats were run on Tamayariak lagoon samples. No significant differences 
were found in total invertebrate numbers (P = 0. 511) and total mysids (P = 
0.92). Undoubtedly variability between stations within habitats was nearly as 
high as variability between habitats. 

The high lagoon spatial variability of invertebrate abundance levels in both 
Bro\mlow and Tamayariak lagoons may have been due to t:':le location of the 
stations in relation to other physiographic features. The Tamayariak River 
empties into the west end of the Tamayariak Lagoon and barrier islands extend 
along only that portion of the lagoon. A set of sampling stations was located 
near the river delta in an area bound by barrier islands. The other stations 
in this lagoon were located at the opposite end, beyond the direct influence 
of the delta and more exposed to the sea. Brownlow Lagoon also borders a 
river delta but is largely an enclosed lagoon. The stations were located at 
opposite ends of the lagoon; the east end was influenced by the river delta 
and the west end by a pass between the barrier islands. Riverine flow into 
portions of both these lagoons may have affected sui ta hili ty of water for 
invertebrates or the immigration of those invertebrates into the lagoons since 
the majority of stations adjacent to the deltas had lower invertebrate 
abundance values (an- exception being the mid-lagoon stations in Tamayariak 
Lagoon). 
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Temporal changes. Three lagoons, Arey, Kaktovik, and Jago were sampled for 
temporal changes in relative species abundances during a second time period 
between 13 and 9 September. The most numerous species in the first sample (28 
July 7 August) were Mysid relicta, Mysid li ttoralis, Monoculopsis 
longicornis, Monoculodes crassirostris and Apherusa megalops. These--species 
were also the most numerous in the second, later sampling period (Table 6). 
In Arey Lagoon Apherusa megalops became the most abundant species in the late 
sample, while the formerly most abundant Mysid relicta became second in 
abundance. In Kaktovik JJagoon, Monoculodes crassirostris was most abundant 
late, crrhile Apherusa megalops was most abundant early. At Jago Lagoon Mysid 
li ttoralis became most abundant late and the formerly most-abundant, 
Monoculopsis longicornis, became second in abundance. 

The spatial distribution of temporal change was not uniform. In Arey Lagoon 
mean total invertebrate abundance dropped from early to late season at 
mainland and mid-lagoon stations, as well as overall. The barrier island 
station at Arey Lagoon showed an increase in abundance late j_n the season 
(Table 6). In Kaktovik and Jago Lagoons the pattern was somewhat clearer with 
all stations in Jago Lagoon increasing in abundance and all stations except 
the pass station in Kaktovik Lagoon increasing in abundance late in the season. 

Environmental Variables 

Variability Between Lagoons. Freidmans tests were used to examine 
environmental differences between lagoons. Brownlow and Tapkaurak lagoons had 
missing values and were deleted from this analysis. Significant differences 
occurred between lagoons in surface salinity (P 0.005, Table 7) and bottom 
salinity(P 0.03). However, no significant comparisons were found in bottom 
salinity values. Surface salinity was significantly higher at Tamayariak 
lagoon than at Pokok Lagoon. All other comparisons of surface salinity were 
not significant (P 0.05). 

No significant differences between lagoons were found in surface temperatures 
(Table 7). Bottom temperatures were significantly different (P <. 0.04), 
however, the only significant comparison (P <. 0. 05) occurred between 
temperatures at Jago Lagoon and the higher bottom temperatures at Pokok Lagoon. 

Kruskall Wallis tests revealed that sandy bottoms had higher surface salinity 
than peat bottoms, and peat bottoms had the highest surface and bottom 
temperature. Mud bottom sites had the greatest water depth (P = 0.03 Table 
8). Conversely, peat bottoms had the lowest salinity, and least depth. Peat 
bottoms were observed to retain benthic ice later into the season. 

Correlation with Invertebrate Abundance. Correlation coefficients for ~ 

indicies of invertebrate abundance against 6 environmental variables were 
calculated. None of the coefficients were significant (P <. 0.05, Table 9). 
Therefore, little effect on invertebrate abundance by temperature, salinity, 
depth or visibility of the water was detectable in these samples. 
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Table 6. Temporal/spatial changes in numbers of abundant invertebrae species 
in 3 coastal lagoons on the Arctic National Wildlife Refuge, 1981. 

Species Arey Jago Kaktovik 
31 July 9 Sept. 28 July 28 Aug. 31 July 9 Sept. 

Barrier Island 

Mysid relicta 0 3 3 3 l 0 
Mysid Littoralis 10 5 0 24 0 3 
Monoculopsis longicornis l 0 l7 0 0 l 
Monoculopsis crassirostris 0 3 l 7 l 7 
Apherusmegalops 2 0 0 3 4 2 

Mid Lagoon 

Mysid relicta 6 0 2 l 0 l 
Mysid littoralis 36 2 0 23 0 12 
Monoculopsis longicornis 2 l 4 8 5 0 
Monoculopsis crassirostris 0 0 0 14 0 0 
Apherus megalops l 0 0 6 0 3 

Shoreline 

Mysid relicta 28 0 2 0 0 l 
Mysid li toralis 5 3 0 7 0 4 
Monoculopsis longicornis l 3 2 0 4 0 
Monoculopsis crassirostris 14 2 0 4 0 22 
Apherus megalops l 0 0 l 0 0 

Pass 

Mysid relicta 5 l l l 2 0 
Mysid Littoralis 7 7 2 2 0 2 
Monoculopsis longicornis l 0 l 14 0 0 
Monoculopsis crassirostris l 0 0 l 0 0 
Apherusa megalops 0 l l ]_ 35 7 
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Table 7. Water quality and bottom substrate characteristics of 8 coastal lagoons by station on the Arctic 
National Wildlife Refuge 31 July - 7 August 1981. 

Environmental Lagoon 
Variable Station Tamayariak Simpson Arey Kaktovik Jago Tapkaurak Oruktalik Pokok 

Surface Temperature Mainland 8 9 12 10 10 7 9 10 
(Oc) . Mid-lagoon 5 7 7 10 9 7 9 

Barrier Island 7 8 7 9 7 7 8 11 
Pass 7 7 8 6 9 4 4 7 

Bottom Temperature Mainland 8 9 11 10 8 7 7 10 
(Oc) Mid-lagoon 7 4 6 9 0 4 8 

Barrier Island 7 8 7 0 5 6 5 12 
Pass 7 6 4 0 1 4 3 7 

Surface Salinity Mainland 22.0 23.0 16.1 16.0 15.0 16.5 10.2 12.0 
(OHM) Mid-lagoon 23.0 25.0 16.2 15.5 15.5 15.5 12.2 

Barrier Island 22.0 20.5 16.1 16.5 18.5 16.3 15.5 12.0 
~ Pass 17.0 20.0 22.2 20.0 16.0 17.5 16.0 16.5 
-...J 
-...J 

Bottom Salinity(m) Mainland 22.0 23.0 20.0 16.0 18.0 15.0 16.0 12.9 
TVJ:id-lagoon 22.0 27.0 17.1 17.0 27.5 17.0 14.5 
Barrier Island 22.0 20.5 16.0 17.0 20.0 17.0 17.2 12.6 
Pass 17.0 20.0 25.6 27.0 26.0 17.2 16.0 16.9 

Depth(m) Mainland 1.7 1.2 0.7 2.2 2.0 1.6 1.1 1.3 
Mid-lagoon 4.3 4.0 2.0 3.5 2.8 2.4 1.8 
Barrier Island 0.7 1.1 2.0 1.2 2.0 2.1 2.1 1.5 
Pass 1.1 2.7 3.8 2.8 2.5 1.9 1.5 1.0 

Visi hili ty(m) Mainland 1.7 1.2 0.7 2.2 1.2 1.6 1.1 0.9 
Mid-lagoon 3.0 3.3 1.9 2.0 1.2 1.5 0.8 
Barrier Island 1.3 1.1 1.8 1.2 1.2 1.8 1.4 0.9 
Pass 1.1 1.5 1.5 1.5 1.2 1.9 1.5 1.0 

Bottom Type Mainland mix mud peat mix mud mud mud mix 
Mid-lagoon sand mud mud mud mud mud mud 
Barrier Island sand sand sand sand sand mud mud peat 
Pass sand sand sand mix mix sand sand sand 



Table 8. Mean values of environmental variables (+ 1 standard deviations) by 
bottom type from 8 lagoons on the coast of the Arctic National 
Wildlife Refuge July-August 1981. 

Physical Bottom Type 
Measurement Sand Mud 
Types 

Na 12 12 
Surface 

Temperature 6.6 + 1.6b 8.3 + 1.2 
Bottom 

Temperature 6.2 + 1.8 6.1 + 2.6 
Surface 

Sali:rJ.i ty 18.8 + 2.6c * 16.4 + 4.0 
Bottom 

Salinity 19.2 + 3.0 18.9 + 4.4 
Depth 1.9 + 1.4 2.2 + 0.8 

asample size (number of stations) 
bMean + 1 standard deviation 

Peat 

2 

11.5 + 0.7* 

11.5 + 0.7* 

14.1 + 2.9* 

16.3 + 5.2 
1.1 + 0.6 

CKruskal - Wallis test, * significantly different (P 

Mixed All 

5 31 

8.6 + 1.7 7.9 + 1.9 

5.8 + 4.9 6.4 + 3.0 

17.2 + 3.9 17.3 + 3.6 

20.7 + 6.2 19.1 + 4.2 
2.1 + 0.6 2.0 + 0.9 

0.05) 

Table 9. Correlation coefficients (R) of physical measurements against numbers 
of invertebrates in 8 coastal lagoons, Arctic National Wilnlife 
Refuge 3 July - 7 August 1981. 

Physical Total Large Total Total 
Measurement Mysids Amphipods Amphipods Invertebrates 

Surface 
Temperature -0.067a -0.265 -0.061 -0.167 

Bottom 
Temperature 0.10 -0.297 0.026 -0.86 

Surface 
Salinity 0.128 -0.077 0.004 0.263 

Bottom 
Salinity 0.007 -0.0077 -0.092 0.155 

Depth 0.074 -0.092 -0.138 0.199 
Visibility 0.160 -0.093 -0.126 0.246 

asample size (N) = 31 
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Conclusions 

Trends in invertebrate abundance between lagoons, between habitats within 
lagoons, between bottom types, or between areas with differing water quality 
1.rere not detected in this study due to the high variability in invertebrate 
numbers between lagoons and between stations within the same habitat. A high 
variability was also evident between grabs at any one station and between 
sample periods at the same stations. A much higher level of sampling may be 
needed to detect trends, if they exist, in invertebrate numbers with lagoon 
characteristics and locations. 
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