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INTRODUCTION 

During 2002, ABR, Inc., conducted wildlife 
surveys for selected birds and mammals in a 
portion of the Northeast Planning Area of the 
National Petroleum ReserveAlaska (NPRA). 
This area was opened for oil and gas leasing in 
1999 after completion of an Integrated Activity 
Plan and Environmental Impact Statement (BLM 
1998). ConocoPhillips, Alaska, Inc. (CPAI) 
initiated wildlife investigations in 1999 through a 
contract with ABR. These studies have been 
conducted annually by ABR since that date 
(Anderson and Johnson 1999, Murphy and 
Stickney 2000, Johnson and Stickney 2001, and 
Burgess et al. 2002), although survey area 
boundaries differed among years to encompass 
various plans for exploration drilling. The surveys 
reported in this document were designed to gather 

. baseline data on wildlife use in areas that CPAI 
currently views as potential future oil and gas 
development sites withm the Northeast Planning 
Area. The 2002 NPRA Study Area (Figure 1) 
encompassed the 9 exploration wells that were 
drilled in 1999-2002 and also encompassed most 
of the sites tentatively proposed for drilling by 
CPAI in 2002-2003. 

As part of long-term monitoring of wildlife 
species in the Kuparuk Oilfield and surrounding 
new developments, CPAI (and it's predecessors, 
ARCO Alaska, hic. and Phillips Alaska, Inc.) have 
studied the distribution, abundance, and 
productivity of Spectacled Eiders (scientific names 
are listed in Appendix A), Tundra Swans, Brant, 
other waterbirds, caribou, and foxes over large 
areas of the central Arctic Coastal Plain since the 
early 1980s (see Murphy and Anderson 1993, 
Stickney et al. 1993, Anderson et al. 2001, Johnson 
et al. 2003a, Lawhead and Prichard 2002, 2003). 
As development plans expanded westward, 
wildlife survey areas also have expanded to 
evaluate pre-development, construction, and 
operations impacts of oil development on wildlife 
populations (Smith et al. 1994; Johnson et al. 1999, 
2003a, 2003b; Burgess et al. 2002, 2003). The 
wildlife studies in the NPRA were part of an 
overall baseline program, comprising 
investigations of fisheries, hydrology, 
geomorphology, water quality, air quality, 

archaeology and cultural resources, and oil spill 
planning. 

ARCO Alaska. Inc. (ARCO) purchased leases 
in the NPRA in 1999. In summer 1999, in 
preparation for exploration activities in the 
Northeast Planning Area of NPRA during winter 
1999-2000, ARCO initiated avian studies to 
evaluate the distribution and abundance of 
important breeding species in the vicinity of the 
lease blocks (Anderson and Johnson 1999). In 
1999, aerial surveys for waterfowl were conducted 
in blocks containing proposed exploration sites, 
and ground searches for eider nests were conducted 
where Spectacled Eiders were seen on pre-nesting 
aerial surveys. Eiders and Tundra Swans were 
selected as the focal species of these surveys 
because of their special status (threatened status for 
Spectacled and Steller's eiders) or their interest to 
management agencies (Tundra Swans). 

Prior to the exploration program in winter 
2000-2001, Phillips Alaska, Inc. (PAI), purchased 
ARCO's Alaska assets in the area and requested 
that additional sites in NPRA be surveyed during 
summers 2000 (Murphy and Stickney 2000) and 
2001 (Johnson and Stickney 2001). In 2000, aerial 
surveys for eiders and Tundra Swans again were 
conducted in blocks that included the proposed 
exploration sites, and (in accordance with BLM 
permit guidelines) ground searches for nests were 
conducted in the immediate vicinity (-40 acres) of 
proposed exploration sites. 

Surveys for eiders and swans were expanded 
in 2001 to cover a broad area referred to as the 
NPRA Exploration Survey Area (1,022 km), 
which encompassed all additional exploration drill 
sites (Johnson and Stickney 2001). The avian 
surveys in the Exploration Survey Area were 
conducted to support exploration permit 
applications. Also in 2001, aerial surveys for other 
waterbird species (see below) and mammals were 
initiated in the 2001 NPRA Study Area (615 km2; 
Figure I), which was entirely within the boundary 
of the Exploration Survey Area (Burgess et al. 
2002). In addition to aerial surveys in 2001, 
ground searches for nests and broods were 
conducted on 3 types of plots that were distributed 
throughout the 2001 NPRA Study Area: large 
waterbird ground-search areas, shorebird plots, and 
Red-throated Loon plots. 
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Figure 1. Boundaries ofthe 2001 and 2002 wildlife study areas and locations of exploratory well sites drilled in the northeastern planning area of 
the National Petroleum Reserve-Alaska. 



In 2002, aerial surveys with broad coverage of 16 July 2001 - met with BLM Fairbanks 
the 2001 NPRA Study Area and Exploration personnel concerning NPRA issues 
Survey Area were continued for waterbird species 16 August 2001 -met with BLM Subsis- 
and mammals and ground searches were again tence Advisory Panel concerning NPRA 
conducted on most of the shorebird plots development and summer studies 
established in 2001. Four new large waterbird 
ground-search areas were established in 2002 in 28 & 29 August 2001 - met with regula- - 
the vicinity of 4 proposed development sites: tory agencies in Anchorage and Fairbanks 

Alpine West, Clover, Lookout 1, and Spark. The concerning plans for 200112002 winter 

Red-throated Loon plot searches were discontinued exploration program 

in 2002, because results. in 2001 demonstrated 10 October 2001 -presentation to BLM's 
relatively low densities of breeding pairs in the off~cial RMT on vromess of summer stud- . - 
study area (6 nests 10.07 n e s t s h 2 1  on 16 plots ies in the NPRA . - - -. . . . - - - . - - - - 
[83.2 km2 total area]). Nests i d  broods of 
Red-throated Loons were recorded during all 17 October 2001 - met with BLM to dis- 

survevs in 2002. as in 2001. but these methods are cuss preliminary development plans 

inadequate to estimate densities of Red-throated 
Loons in the study area. A new investigation was 
initiated in 2002 into the potential impacts on avian 
use of lakes during the breedmg season after water 
withdrawal from lakes the previous winter (for 
construction of ice roads). We report here the 
results of the 2002 aerial surveys and 
ground-searches within the 2002 NPRA Study 
Area (Figure 1). Results of aerial surveys over the 
similar 2001 NPRA survey areas also are 
summarized for comparison. Wildlife observations 
in the area from previous CPAI investigations 
(pre-2001) are included where appropriate. 
Pre-2001 observations are not included in density 
or habitat selection analyses. 

Wildlife study objectives and scopes were 
developed and study progress was reported through 
a series of agency scoping and planning meetings, 
includmg 

7 March 2001 -presented proposed study 
program to the Bureau of Land Manage- 
ment (BLM) and the interim Research and 
Monitoring Team (RMT) in Fairbanks 

8 May 2001 - met with the Kuukpigmiut 
Subsistence Oversight Panel (KSOP) in 
Nuiqsut to discuss NPRA exploration and 
pre-development baseline study program 

12 June 2001 -met with BLM Subsistence 
Advisory Panel concerning NPRA devel- 
opment and summer studies 

9 July 2001 -met with KSOP concerning 
NPRA development and summer studies 

13 December 2001 and 6 June 2002 -met 
with BLM Subsistence Advisory Panel 
concerning NPRA development and sum- 
mer studies 

2 May 2002 -met with KSOP to discuss 
2001 study results and plans for 2002 stud- 
ies in the NPRA 

23 October 2002 -met with BLM to dis- 
cuss the status of environmental studies 
conducted through summer 2002 in the 
NPRA and proposed studies for 2003 

To facilitate public involvement in 
development planning and to ensure that interested 
parties were kept well-informed, the wildlife 
surveys were planned with input from North Slope 
Borough (NSB) and Nuiqsut residents. On 8 May 
2001, PA1 held a science fair in Nuiqsut to discuss 
exploration and development in NPRA, as well as 
the environmental studies scheduled for 2001. On 
9 May 2001, PA1 and ABR scientists met with 
Nuiqsut elders to discuss NPRA activities and 
solicit input on traditional use areas. Input from 
these meetings was used to optimize survey 
schedules and to avoid conflict with subsistence 
activities in the area. In addition, PA1 published 
"NPRA Update," a newsletter on NPRA activities, 
in the "Arctic Sounder" newspaper in December 
2001. The newsletter discussed summer field 
studies, subsistence representatives and ice-road 
monitors, public meetings, and other information. 
Mark Ahmakak and Gordon Matumeak, 
representing the Kuukpi~miut Subsistence 
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Oversight Panel (KSOP), participated in wildlife 
surveys during July-October 2002, and Doreen 
Nukapigak participated in July 2001. 

The various surveys conducted in 2002 are 
detailed in Table 1 (avian surveys) and Table 2 
(mammal surveys). Surveys in the NPRA Study 
Area in 2001-2002 were designed to provide 
baseline information on the distribution, 
abundance, and habitat use of 9 focal species: 
Spectacled Eider, King Eider, Tundra Swan, Brant, 
Yellow-hilled Loon, Glaucous Gull, caribou, and 
arctic and red foxes (Red-throated Loons were an 
additional focal species in 2001). In addition to 
these focal species, surveys were conducted to 
collect information on geese during brood-rearing 
and fall staging (because of their importance as 
subsistence species) and on nesting shorebirds and 
passerines (the most abundant nesting birds in the 
region). The following criteria were used to select 
the focal species and groups: (1) threatened or 
sensitive status (Spectacled and Steller's eiders); 
(2) suspected to have declining populations (King 
Eider and Red-throated Loon); (3) restricted 
breeding range (Yellow-billed Loon); (4) concern 
of regulatory agencies for development impacts 
(Brant, Tundra Swan, shorebirds, and passerines); 
(5) nest predators (foxes and Glaucous Gull), or (6) 
subsistence species (caribou and geese). During 
surveys, information was collected 
opportunistically on Pacific Loons, Red throated 
Loons, Steller's Eiders (not anticipated breeders in 
the area), Sabine's Gulls. Arctic Terns, muskoxen, 
grizzly bears, and other mammals. 

Six specific objectives were identified for 
wildlife surveys in the NPRA Study Area in 2001 
and 2002: 

describe the distribution, abundance, pro- 
ductivity, and habitat use of selected spe- 
cies of waterfowl, loons, and gulls; 

calculate nest density, nesting success, and 
habitat use of shorebirds and passerines in 
representative portions of the study area; 

evaluate habitat use and habitat prefer- 
ences ofkey wildlife species, using the 
habitat classification and maps of Jorgen- 
son et al. (2003); 

describe the distribution and abundance of 
caribou during the calving season, 

post-calving period (including the 
insect-harassment season), and late sum- 
mer through early winter; 

document the distribution, abundance, and 
occupancy of fox dens and the production 
of young foxes; and 

record the locations and numbers of 
muskoxen, grizzly bears, and other mam- 
mals encountered opportunistically during 
surveys. 

S U D Y  AREA 

The 2002 NPRA Study Area (1,100 kmz) 
encompassed 6 exploratory sites that were drilled 
during winter 1999-2000 and 200&2001: Clover 
A, Lookout 1, Spark lA, Rendezvous A, 
Rendezvous 2, and Moose's Tooth C (Figure 1). 
The 2002 NPRA Study Area includes the 2001 
study area (61 5 km3, plus an eastward expansion 
of 80 km2 and a westward expansion of 405 kmz. 
The area surveyed is located in the northeastern 
section of the NPRA, 6 3 9  km west of the village 
of Nuiqsut and 1-43 km southwest of the Alpine 
Development operations camp. 

Three major streams flow through the study 
area (Figure 1). On U.S. Geological Survey 
(USGS) topographic maps (Harrison Bay 1:63,360 
series, 1955). these drainages are labeled as Fish 
Creek, Judy Creek, and the Ublutuoch River, but 
are commonly known by other names by residents 
of Nuiqsut. In this report, the 3 drainages will be 
referred to by their Ifiupiaq names: Uvlutuuq (Fish 
Creek), Iqalliqpik (Judy Creek) and 
Tiqmiaqsiugvik (Ublutuoch River). Uvlutuuq 
flows into the Iqalliqpik drainage, which is the 
larger of the 2 streams. 

Landforms, vegetation, and wildlife habitats 
in the northeastern NPRA were described in the 
recent Environmental Impact Statement for the 
lease area (BLM 1998) and an ecological land 
survey (ELS) conducted for CPAI (Jorgenson et al. 
2003) and are similar to those of the western 
Kuparuk Oilfield and the Alpine Transportation 
Comdor (Johnson et al. 1997, Jorgenson et al. 
1997). Coastal plain and riverine landforms 
dominate the northeastern section of the NPRA. 
Coastal landforms also are present but limited to 
NE comer of the study area. On the coastal plain, 
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Table 1. Descrintions of avian survevs conducted in the NPRA Studv Area. Alaska. 2002. 

Transect Transect Aircraft 
AREA SURVEYED Width Spacing Altitude 

Survey Type Season Dates Aircraft" (km) (km) (4 Notes 

LARGE WATERBIRD GROUND-SEARCH AREAS 
Ground Searches for Nestsb Nesting 1C27  June 4 areas (15.5 km' total) 

Brood-rearing 19-20 July Includes loon nest search 

Brood-rearing 2 1 August Primarily for loons 

SHOREBLRD PLOTS 
Ground Searches fur NestsC Nesting 7 June-20 July 24 plots (2.4 km2 total) 

LAKE STUDY GROUND-SEARCH AREAS 
Ground Searches for ~ e s t $  Nesting 30 June 10 areas 

Brood-rearing 19-21 July Includes loon nest search 
Brood-rearing 20-21 August Primarily for loons 

2002 NPRA STUDY  AREA^ 
VI 

Eider Survey Pre-nesting 
Yellow-billed Loon ~ u r v e ~ ' - ~  Nesting 

Brood-rearing 

Tundra Swan Surveye Nesting 
Brood-rearing 

Brant SurveyC Nesting 
Goose Survey Brood-rearing 

Fall staging 

10-11 June 
26-28 June 

20-2 1 August 

25 June 
23,25 August 

18 June 
20 July 

24,25 August 

0.4 0.8 3&35 50% coverage 
60 All lakes 210 ha 
60 Lakes where Yellow-billed 

Loons were observed on nesting 
survey 

1.6 1.6 150 100% coverage 
1.6 1.6 150 100% coverage 

60 Lake-to-lake survey 
0.8 1.6 90 50% coverage 
0.8 1.6 90 50% coverage 

f Dash indicates ground search. no aircraft used. CIS5 = Cessna 185 fixed-wing airplane; PA18 =Piper "Super C u b  fixed-wing airplane: 206L = Bell "Long Ranger" 

s helicopter. 

s Nest searches included loons and grebes, waterfowl. gulls, terns. jaegers, ptarmigan. and large shorebirds (Whimbrel and Bar-tailed Godwit). 

F Nest searches included all species. but plot design targeted shorebirds and passerines. 
Each aerial survey covered all or most of the 2002 NPRA Study Area. See text for details on aerial survey coverage. i? Glaucous Gull nests were recorded during surveys for Yellow-billed Loons. Tundra Swans. and Brant. a 

-8 ' Pacific and Red-throated loons and colonies of Sabine's Gulls were recorded incidentally. 



E Table 2. Descriptions of mammal surveys conducted in the NPRA Study Area, Alaska, 2002. 
SURVEY TYPE Transect Ship Transect Spacing Aircraft Altitude Area Sampled 

3 Season Date Aircraft a Width (km) (km) (m) (km2) 

CARIBOU STRIP-TRANSECTS 

$ Precalving 3 May 
B 
-8 Precalving 25-26 May 
t., 
o Calving 8 June z Calving I8 June 

Post-calving 27 June 
Insect season 18 July 
Insect season 26 July 
Insect season 3 August 
Late summer 14 August 
Fall 26 August 

Fall 9 September 

Fall 24 September 

Fall (rut) 6 October 

Fall (post-~t)  25 October 

FOX DEN SEARCH 
Denning 30 June; 206B - 

1-2,9 July 

FOX DEN OBSERVATIONSc 

Denniog 10-12 July ' 206L - - - - 

"206 = Cessna 206 airplane: 206B = Bell "Jet Ranger'' helicopter. 206L =Bell "Long Ranger" helicopter. 
50% coverage of 1,3 10-km2 survey area. 
Typically ground-based observations that relied on heliwpter access. 



lacustrine processes, basin drainage, and ice 
aggradation are the primary geomorphic factors 
that modify the landscape. In riverine areas along 
Uvlutuuq (Fish Creek) and Iqalliqpik (Judy Creek), 
fluvial processes predominate, although eolian and 
ice-aggradation processes also contribute to 
ecological development (Jorgenson et al. 2003). 
Twenty-seven wildlife habitat types (based on 
vegetation and surface form and geomorphology) 
were identified within the ELS mapped area. 
Common habitat types included Moist Tussock 
Tundra, Moist Sedge-Shrub Meadow, Patterned 
Wet Meadow, Old Basin Complex, and Deep Open 
Water without Islands. 

An ecological land survey was conducted for 
the NPRA Study Area and is reported under 
separate cover (Jorgenson et al. 2003). A map of 
wildlife habitats was derived from the ELS (Figure 
2) and was used to evaluate habitat use and habitat 
preferences for wildlife sightings withi the 
mapped area. 

The climate of the northeastern NPRA is 
typical of other coastal areas in the Arctic. Winters 
are cold and summers are cool; the thaw period 
lasts only about 90 days during summer (1 June31 
August) and the mean summer air temperature is 
5" C (43' F; Kuparuk Oilfield records: National 
Oceanic and Atmospheric Administration, unpubl. 
data). Mean summer precipitation is under 7.5 cm 
(3 in). most of which falls as rain in August. The 
soils are cold and underlain by permafrost, and 
temperature of the active layer of thawed soil 
above permafrost ranges kom 0-10' C (32-50' F) 
during the growing season. 

METHODS 

HABITAT USE AND SELECTION 

As described above, habitat analyses used a 
map of wildlife habitats (Figure 2) developed from 
an ecological land survey of the area; the map and 
supporting data are currently in review (Jorgenson 
et al. 2003). Wildlife observations from aerial 
surveys and ground searches (described below) 
were plotted on this map for analysis of habitat use. 
For each species, habitat use ( O h  of observations in 
each identified habitat type) was determined 
separately for various seasons (e.g., pre-nesting, 
nesting, and brood-rearing). as appropriate. For 

each specieslseason, we calculated 1) the number 
of adults, flocks, nests, young, broods, or dens in 
each habitat, 2) the percent of total observations in 
each habitat (habitat use), 3) the percent 
availability of each habitat in the study area, and 4) 
a habitat selection index, described below. 

Habitat use was calculated from group 
locations for species or seasons when birds were in 
flocks or broods, because we could not reasonably 
assume independence of selection among 
individuals in these groups. For fox dens (active 
and inactive combined), which are static in 
location, habitat use was calculated from the 
cumulative number of den locations over both 
years. For all other species, habitat use was 
calculated for all observations combined over both 
the 2001 and 2002 surveys. 

A statistical evaluation of habitat selection 
was used to evaluate whether habitats were used in 
proportion to their availability. (Note that habitat 
availability often differed among species, because 
survey areas often differed, as described below). 
Habitat selection was evaluated for pre-nesting 
Spectacled Eiders and King Eiders, nesting and 
brood-rearing Yellow-billed Loons and Tundra 
Swans, and denning arctic foxes, because these 
aerial survey data sets covered large areas 
including all or most of the area covered by the 
habitat map. For analysis of habitat selection, the 
aerial survey observations were evaluated without 
any additional observations of those species from 
the ground searches (for example, swan nests 
located during ground searches but not during 
aerial surveys were not included in the analysis of 
habitat selection). Selection was not evaluated for 
species studied only through ground searches 
because of limited sample sizes and because the 
availability of habitats in ground-search areas was 
not representative of the entire NPRA Study Area. 
Also, selection analyses were not conducted on 
aerial survey data on nesting Brant, brood-rearing 
geese, or fall-staging geese. 

Monte Carlo simulations (1,000 iterations) 
were used to calculate a frequency distribution of 
random habitat selection and this distribution was 
used to calculate the percentile scores of observed 
habitat use (Haefner 1996, Manly 1997). Random 
habitat selection was based on the percent 
availability of each habitat and the sample sizes in 
each simulation equaled the number of observed 
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nests, dens, or groups of birds in that season. We 
defmed habitat preference (i.e., use > availability) 
as observations of habitat use greater than the 97.5 
percentile of simulated random use, which 
represents an alpha level of 0.05 (2-tailed test). 
Conversely, we defmed habitat avoidance (i.e., use 
< availability) as observations below the 2.5 
percentile of simulated random use. The 
simulations and calculations of percentiles were 
conducted in a Microsoft@ Excel spreadsheet. 

LARGE WATERBIRD GROUND-SEARCH 
AREAS 

Ground-based nest searches were conducted 
in 2002 in 4 study plots corresponding with 4 
potential development areas: Alpine West, Clover, 
Lookout, and Spark (Figure 3). Ground-based nest 
searches were conducted to determine the 
composition and abundance of large waterbirds in 
the potential development areas and to estimate 
nesting success, with particular attention to eiders 
and geese. Methods were similar in 2001, but 
different areas were searched each year. Nest 
searches (except those specifically for loons, see 
below) were conducted between 14 and 30 June 
2002. Nests were located by 67-person teams that 
systematically searched study plots by walking 
more or less abreast and about 10 m apart. Each 
team member thoroughly searched all dry ground 
between themselves and adjacent observers for 
nests of large birds, includ'mg loons, grebes, geese, 
swans, ducks, ptarmigan, cranes, large shorebirds 
(Whimbrel, Bar-tailed Godwit, and Common 
Snipe), jaegers, gulls, terns, and raptors. Nests of 
small shorebirds and songbirds were not sought out 
or recorded in large waterbird ground-search areas. 
All nests of target species were mapped on aerial 
photos and recorded with GPS (Global Positioning 
System) units. Observers attempted not to flush 
incubating bids from nests but, when a bird was 
flushed, the obsewer counted the eggs and covered 
them with down and vegetation before leaving the 
site. If the nest was unattended, a small amount of 
down (including contour feathers, if present) was 
collected and the length and width of 1 or 2 eggs 
were recorded. When possible, unidentified nests 
later were assigned to a species by comparing 
feathers and egg measurements with those of 
known species. Habitat information was recorded 

at eacb waterbid nest, includmg the distance to 
nearest standmg water, distance and waterbody 
class of the nearest permanent waterbody, the 
terrestrial habitat in the area, and the landform and 
vegetation at the nest site. 

Ground-search areas were revisited after hatch 
(on 15-22 July for waterfowl and 16-22 August 
for loons) to check the fate of marked nests and to 
scan all waterbodies for the presence of broods. 
During the July nest check, shorelines and islands 
were searched for nests of loons, which initiate 
their nests later than other waterbirds. Observers 
scanned the area with binoculars and searched on 
foot all shorelines of waterbodies greater than 
about 25 m on their long axis (approximately the 
minimal waterbody size to support nesting 
Red-throated Loons). The number of adults and 
young of eacb brood were recorded and their 
locations plotted on aerial photos of the study area. 
Waterfowl nests were classified as successful if 
thickened egg membranes that had detached from 
the shell were found in the nest bowl. For loons, 
nests were considered successful if a brood later 
was associated with that nest site. Evidence of 
predation, such as crushed egg remnants, also was 
recorded. Because nearly all waterfowl nests could 
be classified as successful or failed, estimates of 
nesting success were calculated for these species. 
For other species, nest fate could not be determined 
solely from evidence at the nest bowl and nests 
generally were classified as successful or failed 
only if additional evidence was available, such as 
obsewations of young at the nest (or in the nesting 
lake, for loons), direct observations of a predation 
event, or other clear evidence of predation. For 
these species, unbiased estimates of nest success 
were not possible. 

SHOREBIRD PLOTS 

In June 2002, 24 shorebird plots (arranged in 
6 clusters of 4 plots eacb) were sampled in 
representative habitats in the NPRA Study Area to 
determine nest densities, nesting success, and 
habitat associations of tundra-nesting birds (Figure 
3, Appendix B). Five of these plot clusters were 
established and surveyed in 2001, the sixth plot 
cluster was established in 2002 to replace one of 
the 2001 plot clusters. This decision was made to 
facilitate a long-term study design to compare plot 
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clusters near development areas with those at 
greater distances from development areas. The 
new plot cluster in 2002 was located in the vicinity 
of the exploratory well site, Lookout 1 (Figure 3). 
(However, development plans are dynamic and 
plot assignments to developed or undeveloped 
categories are not fmal, so no such comparison will 
he conducted until development activities are 
initiated.) Each cluster of plots also was located to 
sample representative habitats (as portrayed on the 
BLM cover map [Ducks Unlimited 19981) in each 
of 3 general areas: the Uvlutuuq and Iqalliqpik 
floodplain, north of Uvlutuuq, and south of 
Iqalliqpik. 

Shorebird plots measured 100 m x 1000 m 
(0.1 km2 [lo ha]) and were marked with 1 row of 
survey lath that delineated 50 m x 50 m grids 
(40 grids/plot) (Figure 4). Each grid was 
subdivided into 4 quadrants. Plots were visited up 
to 11 times in 2002, with 3-7 days between visits. 
The first visit to remark and set-up the plots 
occurred 7-8 June, 4 visits to search for new nests 
and check fate of known nests occurred 11 June-1 
July, and up to 6 visits to monitor nests for fate 
occurred 2-20 July. On the first and third 
nest-search visits, 2 people dragged a 53-m rope 
through each plot to flush birds from their nests. 
During the second and fourth nest-search visits, 
one person walked a "W' pattern through each 
plot. With either method, if a bird flushed and the 
nest was not immediately located, the observer 
moved farther away or used nearby terrain features 
as cover until the bird returned and the nest could 
be located. During nest-monitoring visits, the plot 
was not systematically searched for new nests, but 
the length of the plot was walked and new nests 
were marked if encountered. Known nests were 
checked during both nest-search and 
nest-monitoring visits to record egg loss, hatching, 
and fledging. In 2001, plots were visited only for 
setup and nest searching (5 visits, no nest 
monitoring visits). 

For each nest found, the observer recorded the 
species, the number of birds present, the number of 
eggs or young, the surface form (e.g., polygon rim 
or center, island, nonpattemed) and habitat at the 
nest, and its location by grid number, distance from 
centerlime, and quadrant within the grid (Figure 4). 
To assist in locating known nests, a small orange 
marker (-2.5 x 15 cm) was placed in the ground on 

the plot centerline perpendicular to the nest and a 
white marker (-1 x 10 cm) was placed 1-3 m from 
the nest toward the plot centerline. Each centerlime 
marker was labeled in indelible ink indicating the 
perpendicular distance to the nest location. White 
markers were placed low in vegetation so that they 
were visible when walking from the centerline, but 
concealed from other directions. 

The number and density (nests1 kmz) of nests 
found during plot set-up and nest-searching visits 
were summarized by species and plot for 2002 and 
by plot cluster and both species and species group 
for 2001 and 2002. Nests found during 
nest-monitoring visits were reported but not 
included in these summaries. 

A nest was classified as successful when at 
least one chick was observed in or near a scrape, 
when an eggshell top or bottom indicative of a 
hatched egg was found (Mabee 1997), or when 2 
lines of supportive evidence were c o n h e d  (e.g., 
eggshell fragments consistent with pipped eggs and 
egg flotation data indicating a nest could have 
hatched). Eggshell fragments from successful 
shorebird nests were generally < 3-5 mm in length. 
A nest was classified as failed when a clutch of 
eggs disappeared too early in incubation to have 
hatched (i.e., eggs at least 4 d younger than the 
mean incubation period for each species, as 
indicated by nest records or flotation data), the nest 
area contained indications of predation (e.g., 
broken eggs), or the clutch was abandoned. A nest 
was classified as having an unknown fate when 
fewer than 2 pieces of evidence (listed above) were 
confirmed. 

Mean daily survival rates (DSR) were 
calculated for species groups (i.e., shorebirds, 
passerines, waterfowl) and for individual species in 
each plot cluster (groups of 4 plots in a similar 
geographic location) and over all plots combined. 
DSRs were calculated using 2 methods, the 
Mayfield method (Mayfield 1961, 1975) and the 
program, MARK (White and Burnham 1999). The 
Mayfield method is presented (Appendix G) 
mainly to facilitate comparisons with other studies 
of breeding birds on the North Slope of Alaska. 
However, because certain assumptions may not 
have been met for the Mayfield method in our 
study (e.g., regular nest check intervals, nest 
survival constant through time), the MARK 
program, which allows a variable nest check 
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Figure 4. Typical shorebird plot grid system used in the NPRA Study Area, Alaska. 2001-2002. 
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interval, was considered more appropriate for this 
data set. The nest survival model in MARK also 
has its roots in the Mayfield method, so our results 
with MARK should be comparable to a Mayfield 
analysis in which the necessary assumptions for 
that method are met. Johnson (1979) and Bart and 
Robson (1982) expanded Mayfield's model and 
developed the theory to estimate time-specific nest 
survival rates. In turn, the generalized likelihood 
model developed by Bart and Robson (1982) has 
been expanded to its current form in the nest 
survival program of MARK (White and Burnham 
1999). MARK allows for increased flexibility in 
modeling by allowing the use of covariates (e.g., 
time, age, habitat, weather, predators) that may 
influence survival rates and by calculating Akaike 
Information Criterion (AIC; Akaike 1985) metrics 
to facilitate model selection. These features of 
MARK (although not necessary for this data 
presentation) will be useful in future analyses to 
examine correlations among species in patterns of 
nest survival and loss. 

LAKE DRAWDOWN STUDY 

Early in 2002, CPAI initiated a hydrology 
study on the effects on lakes of the withdrawal of 
water during winter for ice roads (details in Baker 
2002). Ten lakes were selected for evaluation of 
bird use (Figure 3). Five study lakes had water 
withdrawn during winter 2001-2002; these lakes 
(L9911, L9817, M9912, M9922, M9923) are 
referred to as drawdown lakes. The other 5 study 
lakes were not pumped and are referred to as 
reference lakes (L991, L9823, M0024, M9913, 
M9914). The hydrology team selected 4 of the 
reference lakes and we added a fifth reference lake 
(M9913) later in the sampling season to balance 
the data set. Therefore, hydrology data taken in the 
early winter will be lacking for Lake M9913. 
Surface area and shoreline length of each study 
lake were obtained from a digital georectified 
photomosaic (also used for the ecological land 
survey; Jorgenson et al. 2003). Bathymetric and 
fish data for study lakes were provided by MJM 
Research (Moulton 2001 ). 

Observers walked the shorelines of each lake 
(-4 m strip along the lake bank) on 30 June. during 
the late nesting period for most waterbird species 
and recorded observations of large waterbird nests. 

In areas where the lakeshore graded indistinctly 
into aquatic marshes that could be affected by 
changes in lake water levels, these adjacent 
marshes also were searched. Shorelines were 
searched again on 19-21 July for loon nests (which 
initiate nesting later than most waterbirds) and for 
broods of all waterbirds. Lakes containing loon 
nests were visited a third time during the August 
loon brood survey (described in the Loon Surve~. 
section below). Observations of birds foraging or 
roosting on the shore or lake waters also were 
recorded during nest and brood searches. 

EIDER SURVEYS 

0ne.aerial survey for pre-nesting eiders was 
conducted on 1C-11 June 2002. Survey methods in 
the NPRA in 2001 and 2002 were similar to those 
used previously in the NPRA (Anderson and 
Johnson 1999, Murphy and Stickney 2000) and on 
the Colville River Delta (Burgess et al. 2003, 
Johnson et al. 2003b), except coverage was 50% of 
the study area. During the survey, the pilot 
navigated a Cessna 185 aircraft along east-west 
transect lines using a GPS receiver. An observer 
on each side of the aircraft counted eiders in 
fixed-width strips (200 m) on each side of the 
transect line. Transect lines were spaced 800 m 
apart for 50% coverage. A larger area was 
surveyed for pre-nesting eiders in 2002 than in 
2001 (Figure 5). Observers used marks on the 
airplane's struts and windows to visually delimit 
the outer edges of the transect strip (Pennycuick 
and Western 1972). Flight altitude for each survey 
was 3&35 m above ground level (agl) and flight 
speed was approximately 145 kmm. 

For each eider group location, observers noted 
on tape recorders the species of eider, number of 
each sex, number of identifiable pairs, transect 
number. and whether the birds were flying or on 
the ground. Each observer also marked their eider 
locations on 1:63,360 USGS maps of the study 
area. All observations were digitized and added to 
a geographical information system (GIS) database. 

Density was calculated based on the actual 
number of birds observed and the total area 
covered during the survey. Total indicated birds 
was calculated by the procedures of the U.S. Fish 
and Wildlife Service (USFWS) survey protocol 
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(USFWS 1987a) and an estimate of density also 
was calculated based on the total indicated birds. 

To evaluate the potential for nesting by 
Spectacled Eiders in the study area, ground-based 
nest searches (in which all large waterbird nests 
were censused) were conducted in areas identified 
for potential development. Search methods were 
similar to those used in 2001 in NPRA and in 
200&2002 on the Colville River Delta (Burgess et 
al. 2003, Johnson et al. 2003b) and are presented 
above (in the section Large Waterbird Ground 
Searches). 

LOON SURVEYS 

Aerial surveys for nesting Yellow-billed 
Loons were conducted on 2 6 2 8  June 2002 and for 
brood-rearing loons on 2&21 August 2002. The 
nesting survey was conducted in a helicopter flying 
at -60 m agl in a lake-to-lake pattern covering all 
lakes 210 ha in size (typical lake size for nesting 
Yellow-billed Loons [Sjolander and Agren 1976, 
North and Ryan 19891) and adjacent smaller lakes. 
A larger area was surveyed in 2002 than in 2001 
(Figure 6). Tapped lakes with low-water 
connections to river channels were excluded, as 
Yellow-billed Loons are not known to use such 
lakes for nesting (North 1986, Johnson et al. 
2003b). During the brood-rearing survey, only 
lakes where Yellow-billed Loons were observed 
during the nesting survey were surveyed. 
Observations of Pacific and Red-throated loons 
were recorded incidentally. All loon locations 
were recorded on 1:63,360-scale USGS maps, and 
Yellow-billed Loon nest locations also were 
recorded on color aerial photos. 

The total number of adults, nests. broods, and 
young by season for all species of loons and the 
density of Yellow-billed Loon adults, nests, and 
broods were calculated from aerial survey data. 
Aerial surveys were not suitable for determining 
the density of Red-throated and Pacific loons 
because smaller lakes that are used by these species 
were not included in the survey. 

TUNDRA SWAN SURVEYS 

Swan surveys were conducted following the 
USFWS Tundra Swan Survey Protocol (USFWS 
1987b, 1991). This method was designed to give 
100% coverage of a survey area and was used 

previously in the NPRA (Anderson and Johnson 
1999, Murphy and Stickney 2000, Burgess et al. 
2002). 

Aerial surveys were flown along fixed-width, 
east-west transects in a Cessna 185 aircraft. 
Transects were oriented along township and 
section lines, and all observations were mapped on 
1 :63,360 USGS maps. A larger area was surveyed 
for swans in 2002 than in 2001 (Figure 7). The 
aircraft maintained a speed of 145 kmih and an 
altitude of 150 m agl. Each of the 2 observers 
scanned a strip 800 m wide on hisiher side of the 
aircraft, while the pilot navigated and scanned 
ahead of the aircraft. The location and number of 
swans of each age (adult or young) and the 
presence of a nest or brood were recorded on the 
USGS maps. When observers located a nest, the 
aircraft left the transect line and circled the nest so 
that they could plot an accurate location and take 
photographs with a 35-mn~ camera of the nest site. 
During the brood-rearing survey, an identical 
procedure was used for recording data, but the 
airplane did not circle for photographs. 

In 2002, the nesting survey was flown on 25 
June and the brood-rearing survey was flown on 23 
and 25 August. After each survey, location data 
were entered into digital maps in a GIs system. 
Summary statistics for nesting surveys followed 
the format established for the Kuparuk Oilfield in 
1988 and modified in 1990 (Ritchie et al. 1989, 
1991), which categorizes adults as either with nests 
or broods or without nests or broods. The latter 2 
categories include nonbreediig subadults, as well 
as failed or nonbreeding adults. These individuals 
will be referred to collectively as "nonbreeders." 

GOOSE SURVEYS 

The aerial survey for nesting Brant in 2002 
followed similar methods used for surveys of Brant 
from the Sagavanirktok River to the Colville River 
between 1989 and 1998 (Ritchie et al. 1990, 
Anderson et al. 1999). Using a Bell 206L 
helicopter and one observer, the nesting survey was 
flown along a predetermined lake-to-lake path that 
included lakes with islands, basin wetland 
complexes, and sites where Brant had been 
observed in previous years (Figure 8). The Brant 
survey pattern was non-systematic, so the surveyed 
area in 2002 differed slightly from that in 2001, 
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Figure 7. Transect limes and survey areas for aerial surveys of nesting and brood-rearing swans and for brood-rearing and fall-staging geese, 
NPRA Study Area, Alaska, 2001-2002. 
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although efforts were concentrated in the same 
general area, largely in the northem half of the 
2002 NPRA Study Area. Flight altitude for each 
survey was 60 m agl and flight speed was 
approximately 95 kmih, although in 2002, speeds 
were decreased to 70 km/b over lakes. The survey 
was conducted on 18 June 2002. In 2002, nests 
(down-filled bowls or adults in incubation posture) 
were recorded on 1:63,360-scale USGS maps or on 
color aerial photos, for areas covered by photos. 
The resulting counts of Brant and their nests should 
be considered minimums because incubating Brant 
are inconspicuous, unattended nests are difficult to 
see, and the number of passes flown over a nesting 
location was limited purposely to minimize 
disturbance. All observations of birds on the 
ground were recorded, because these may 
represent nesting locations. However, only 
confirmed nests were included in summaries. 
Nests of other species, such as eiders, Canada 
Geese, and swans, were recorded incidentally 
during the survey. 

Systematic aerial surveys were conducted for 
all species of geese during the brood-rearing and 
fall-staging seasons. These surveys were flown in 
a Cessna 185 aircraft at 90 m agl on east-west 
flight lines that were 1.6km apart, the same 
transects flown for the Tundra Swan surveys 
(Figure 7). The survey area for brood-rearing and 
staging geese was larger in 2002 than it was in 
2001 (Figure 7). Two observers searched a 
400-m-wide strip, one on each side of the plane, 
yielding 50% coverage of the survey area. The 
brood-rearing survey was conducted on 20 July 
2002 and the fall-staging survey on 24-25 August 
2002. During these surveys, species, numbers of 
adults and young, and their locations were 
recorded on 1:63,360-scale USGS maps. All 
observations were digitized and added to a GIS 
database. 

GULL SURVEYS 

In 2002, Glaucous Gulls nests were recorded 
during nesting aerial surveys for Yellow-billed 
Loons, Tundra Swans, and Brant in the NPRA 
Study Area (see species sections for survey 
methods). In 2001, Glaucous Gulls nests were 
recorded only during the nesting aerial surveys for 
Yellow-billed Loons. Glaucous Gull broods were 

recorded opportunistically in both years during 
brood-rearing surveys for Yellow-billed Loons. 
All Glaucous Gull nests and broods were recorded 
on 1:63,360-scale USGS maps. Colonies of 
Sabine's Gulls also were recorded on the nesting 
survey for Yellow-billed Loons and the number of 
nests at each colony was estimated based on the 
number of adults observed (Sabine's Gull nests are 
d i c u l t  to confirm in aerial surveys). 

Additional information on the abundance of 
gulls was obtained from results of the various 
ground-searches. Nest locations of Glaucous and 
Sabine's gulls were recorded on aerial photos 
andlor the coordinates stored in GPS units during 
ground searches in large waterbird and lake study 
ground-search areas in 2002 and in shorebird plots, 
red-throated loon plots, and large waterbird 
ground-search areas in 2001. 

CARIBOU SURVEYS 

Fourteen aerial surveys were conducted in 
2002, beginning on 3 May and ending on 
25 October (Table 2). The 1,310-km2 (506-mi3 
caribou survey area was larger than the 2002 
NPRA Study Area (as defmed above for avian 
studies) and encompassed all of that area excluding 
only the northernmost extension along the Nigliq 
Channel of the Colville River, which was covered 
on Colville River Delta surveys by Lawhead and 
Prichard (2003). Surveys followed 14 
north-south-oriented transect limes that were 
26-34 km (16-21 mi) long, in a survey area 
located between 70.041° and 70.343'N latitude 
and 151.157" and 152,255" W longitude. The 
2002 survey area was larger than was surveyed in 
2001 (Appendix H). 

All surveys were conducted with 2 observers 
viewing from opposite sides of a Cessna 206 
airplane. During each survey, the pilot navigated 
along the transect lines using endpoint coordinates 
programmed into a Global Positioning System 
(GPS) receiver. The pilot maintained an altitude of 
150 m (500 ft) agl using a radar altimeter. 

Transect lines were spaced at intervals of 
3.2km following section lines on USGS 
topographic maps (scale 1:63,360). Observers 
counted caribou within an 800-m-wide strip on 
each side of the transect centerline, thus sampling 
-50% of the survey area. The strip width was 
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delimited visually using tape markers on the stmts 
and windows of the aircraft, as recommended by 
Pennycuick and Western (1972). 

When a caribou group was observed within 
the hansect strip, the location on the transect 
centerline was recorded using a GPS receiver, the 
numbers of adults (including yearlings) and calves 
were recorded, and the distance from the inner 
edge of the strip was estimated in 200-m intervals. 
For plotting on maps, the group location was 
shifted perpendicularly off the transect centerline 
to the midpoint of the appropriate distance interval 
(e.g., 300 m for the 200400 m interval). Thus, the 
estimated maximum mapping adjustment was 
-100 m. 

FOX SURVEYS 

We used aerial and ground-based surveys to 
evaluate the distribution and status of arctic and red 
fox dens in the NPRA Study Area in 2001 and 
2002, applying the same methods used in the 
annual monitoring effort begun in 1992 for the 
Alpine wildlife studies on the Colville River Delta 
(Johnson et al. 2003a). Aerial survey by helicopter 
was the principal method used to search for den 
sites at the beginning of July 2001, concentrating 
on tundra habitats away from the major streams. 
Aerial searches were supplemented with reports of 
dens from avian nest searches conducted in June of 
both years. Most of the study area was searched in 
2001, except for the northernmost portion and the 
riverine dunes and banks of - ~ v l u t u u ~  and 
Iqalliqpik. Additional search effort was expended 
in the latter area in July 2002. Continuing survey 
effort will be required to search those drainages 
fully due to the abundance of ground squirrel 
burrow complexes (which interfere significantly 
with survey efficiency). 

We conducted an aerial search for dens and 
evaluated their status on helicopter-supported 
ground visits during 1-2 July and 12 July 2001 and 
30 June-2 July and 9 July 2002, and then returned 
to active dens during 12-16 July 2001 and 1&12 
July 2002 to count pups (Table 2). Soil disturbance 
caused by foxes digging at den sites, together with 
fertilization resulting from feces and food remains, 
results in a characteristic, lush flora that makes 
perennially used sites easily visible from the air 
after "green-up" of vegetation (Chesemore 1969, 

Gmott et al. 1983a). Green-up occurs earlier on 
traditionally used den sites than on surroundmg 
tundra, a difference that is helpful in locating dens 
as early as the third week of June. Thus, late 
June-early July is a good time to locate den sites 
from the air. 

During ground visits, we evaluated evidence 
of use by foxes and confirmed the species using the 
den. Following Gmott (1980), we examined the 
following fox sign to assess den status: presence or 
absence of adult and pup foxes; trampled 
vegetation in play areas and beds; presence and 
appearance of droppings, diggings, and tracks; 
prey remains; shed fur, and signs ofpredation (e.g., 
pup remains). Dens were classified into 4 
categories (derived from Burgess et al. 1993), the 
first 3 of which are considered here to be 
"occupied" dens: 

natal-dens at which young were whelped, 
characterized by abundant adult and pup 
sign early in the current season; 

secondary--dens not used for whelping, 
but used by litters moved from natal dens 
later in the season (determination made 
from sequential visits or from amount and 
age of pup sign); 

act ivedens showing evidence of consis- 
tent use and suspected to be natal or sec- 
ondary dens, but at which pups were not 
seen during our visits; or 

inactivedens with either no indication of 
use in the current season or those showing 
evidence of limited use for resting or loaf- 
ing by adults, but not inhabited by pups. 

Because foxes commonly move pups from 
natal dens to secondary dens, repeated 
observations during the denning season are needed 
to classify den status with confidence. We invested 
a fair amount of effort to confvm den occupancy 
and to count pups. Based on the initial assessment 
of den activity on 30 June-2 July 2002, our 
observations during 10-12 July were devoted to 
counting pups at as many active dens as possible. 
Observers were dropped off by helicopter at 
suitable vantage points several hundred meters 
from den sites. from which they conducted 
observations with binoculars and spotting scopes 
over periods of 2.5-4 hr. Observations usually 
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were conducted early and late in the day, when 
foxes tend to be more active. 

RESULTS AND DISCUSSION 

HABlTAT CLASSIFICATION AND 
MAPPING 

At the time of this writing, the habitat map 
had been completed for 63% of the 2002 Study 
Area (Figure 2, Table 3). The habitat map 
identified 27 habitats in the study area. Wildlife 
habitats are described in Appendix C. The 2 most 
abundant habitats in the mapped area were Moist 
Tussock Tundra (27%) and Moist Sedge-Shrub 
Meadow (23%). Pattemed Wet Meadow 
composed 11% of the mapped area and no other 
habitat composed more than 9%. Deep Open 
Water with Islands and Without Islands, were the 
sixth and fifth most abundant habitats in the area, 
respectively. Twelve habitats occurred in only 
trace amounts (51% of the total mapped area). 
Many of the rare habitats were associated with 
coastal marine-affected areas or riparian areas, 
which were relatively uncommon in the NPRA 
Study Area. 

CONDITIONS IN THE STUDY AREA IN 2002 

The 2002 breeding season differed from the 
preceding 2 years in that snowmelt was much 
earlier and temperatures in May were much 
warmer. No weather data are collected within the 
NPRA Study Area, but conditions 55 km to the east 
in the Kuparuk Oilfield, where weather data have 
been collected since 1983, are comparable. The 
mean temperature in May was -2.2' C, which was 
warmer than the 2 0 9  mean of -5.6' C, and 
considerably warmer than the mean May 
temperature in either 2000 (-9.3' C) or 2001 
(-10.8' C). The tundra around the Kuparuk airport 
(the recordmg station) was essentially snow-free 
by 12 May in 2002, which was much earlier than in 
the late springs of 2000 (11 June) and 2001 (3 
June). For the period of bud amval 
(approximately 15-31 May) and nest initiation 
(1-15 June), 91 thawing degree-days accumulated 
in 2002, compared to 37 and 54 thawing 
degree-days in 2000 and 2001, respectively 
(Figure 9). (Cumulative thawing degree-days are 
calculated by summing the number of degrees that 

the daily mean temperature was above freezing 
[Oo C] for each day during a particular period.) 
The total number of thawing degree-days in both 
early and late spring periods combined in 2002 was 
the third highest recorded in the Kuparuk Oilfield 
since avian studies were initiated there in 1988 
(Anderson et al. 2002, 2003). The warmer 
temperatures and lack of snow in 2002 meant that 
buds encountered favorable conditions at the time 
they were initiating nests. 

WILDLIFE SURVEYS AND HABITAT 
ANALYSES 

LARGE WATERBIRD GROUND-SEARCH 
AREAS 

Alpine West 
The Alpine West ground-search area 

(4.82 km3 was located in the northeast comer of 
the NPRA Study Area. The most common of the 
10 habitat types (Table 4) in Alpine West were 
Patterned Wet Meadow (32.1%) followed by Moist 
Tussock Tundra (17.7%), Moist Sedge-Shrub 
Meadow (16.2%), and Old Basin Wetland 
Complex (16.2%). No other habitat comprised 
more than 8% of the total mapped area. Aquatic 
habitats together covered 16.0% of mapped 
portions of the Alpine West ground-search area. 

Eighty-seven nests of 15 species were located 
in the Alpine West ground-search area in 2002 
(Table 5). Two-thuds of these nests belonged to 
geese, including Greater White Front Geese (35 
nests), Canada Geese (16 nests), Brant (8 nests) 
and unidentified goose (1 nest). The Alpine West 
ground-search area had the greatest concentration 
of nesting Canada Geese so far encountered in the 
NPRA (Burgess et al. 2002; Johnson and Stickney 
2001; Murphy and Stickney 2000). After the geese 
species, Pacific Loons (6 nests) were the most 
abundant nesters. All other species had <5 nests in 
the study area. Half the nests in the Alpine West 
study plot were located on one large lake complex 
that contained numerous islands and peninsulas 
(Figure 10) 

Nest density for all species was 18.1 nestsikm2 
in the Alpine West ground-search area in 2002 
(Table 5). The density of large water bird nests 
was 17.4 nestsikm2. The density of nests in the 
Alpine West ground-search area was higher than 
that reported in 2001 for wetland basins 
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Table 3. Availability of wildlife habitat types in the NF'RA Study Area, Alaska, 2002. 

Area Availability 
Habitat (km') (%) 

Open Nearshore Water 
Brackish Water (Tidal Ponds) 
Tapped Lake with Low-water Connection 
Tapped Lake with High-water Connection 
Salt Marsh 
Tidal Flat 
Salt-killed Tundra 
Deep Open Water without Islands 
Deep Open Water with Islands or Polygonized Margins 
Shallow Open Water without Islands 
Shallow Open Water with Islands or Polygonized Margins 
River or Stream 
Aquatic Sedge Marsh 
Aquatic Sedge with Deep Polygons 
Aquatic Grass Marsh 
Young Basin Wetland Complex (Ice-poor) 
Old Basin Wetland Complex (Ice-rich) 
Riverine Complex 
Dune Complex 
Nonpatterned Wet Meadow 
Patterned Wet Meadow 
Moist Sedge-Shrub Meadow 
Moist Tussock Tundra 
Riverine Low and Tall Shrub 
Upland and Riverine Dwarf Shrub 
Upland Low and Tall Shrub 
Barrens (Riverine, Eolian, or Lacustrine) 

SUBTOTAL (Total mapped area) 695.52 100 

Unknown (Unmapped areas) 404.68 36.8 

TOTAL 1100.20 100 

ground-search areas in the NPRA (range al. 2003). In fact, the density of nests in the Alpine 
8.416.8 nests/km2, Burgess et al. 2002). Nest West area was closer to the range of nest densities 
density in the Alpine West ground-search area also in the CD North ground-search area on the outer 
was higher than that reported in the Alpine or CD Colville River Delta, where nest densities of many 
South ground-search areas on the Colville River birds peak in the region (range 16.7- 
Delta (Alpine: range 4.g11.6 nestsikmz, years 20.1 n e s t s h 2 ;  years 2000-2002; Johnson et al. 
1996-2001, ABR, unpubl. data); CD-South: range 2003b). 
7.9-14.0 nests/km2, years 2000-2003, Burgess et 
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Figure 9. Cumulative number of thawing degree-days recorded for 15-3 1 May and 1-1 5 June, Kuparuk 
Oilfield I 1988-2002) and Colville River Delta 11997-2002). Alaska. Mean values comouted ,, 
from ~ubaruk  data (n = 15 years). 

Based on observations of broods, the 
Red-throated Loon nest and 1 of 6 Pacific Loon 
nests in the Alpine West ground-search area were 
successful (Table 6). For waterfowl, nesting 
success was determined from remains at nests. For 
geese, nesting success ranged from 80% for 
Greater White-fronted Geese (n = 35) and 69% for 
Canada Geese (n = 16) to only 13% for Brant 
(n = 8). Of 8 duck nests in the Alpine West area, 7 
failed; only one King Eider nest was successful. 

Two species of loons (Red-throated Loon and 
Pacific Loon) nested in the Alpine West ground 
search area. Based on the single nest, the density 
of Red-throated Loon nests was 0.21 nestikmz. No 
Red-throated Loon nests were found in the other 3 
NPRA ground-search areas in 2002. The 
Red-throated Loon nest was successful and it was 
located in Old Basin Wetland Complex habitat 
(Table 7). 

The density of Pacific Loon nests in the 
Alpine West ground-search area in 2002 was quite 
high by comparison with other ground-search data 
from the region. The density of Pacific Loon nests 

in the Alpine West ground-search area 
(1.24 nest/kmz) was the highest among the four 
2002 ground-search areas. Nest density of Pacific 
Loons in the Alpine West area also was higher than 
was reported in the NPRA in 2001 on Red-throated 
Loon plots (mean = 0.37 nestsikmz, n = 16; 
Burgess et al. 2002) or in the wetland basin 
ground-search areas (0.81 nests/kmz, Burgess et al. 
2002). Mean nest densities for Pacific Loons on 
Colville River ground search areas ranged from 
0.35 to 0.77 n e s t s k '  (CD North 3-year 
mean = 0.77 nests/km2, Johnson et al. 2003b; 
Alpine 6-year mean = 0.47 nesthi2 ,  Johnson et al. 
2003a; CD-South 3-year mean = 0.35, Burgess et 
al. 2003). The 6 Pacific Loon nests were located in 
5 habitat types (Table 7): Deep Open Water 
without Islands (1  nest), Deep Open Water with 
Islands or Polygonized Margins (1 nest), Shallow 
Open Water with Islands or Polygonized Margins 
(2 nests), Nonpattemed Wet Meadow (1 nest), and 
Old Basin Wetland Complex (1 nest). The 
distribution of loon nests and broods across the 
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Table 5. Number and density of nests (nestsikm2) in 3 ground-search areas in the NPRA Study Area, 
Alaska, 2002. No nests were found in the Clover ground-search area. 

Alpine West Lookout Spark 

Number of Number of Number of 
Soecies nests Densitv nests Densitv nests Densitv 

Red-throated Loon 
Pacific Loon 
Yellow-billed Loon 
Greater White-fronted Goose 
Canada Goose 
Brant 
Unidentified goose 
Tundra Swan 
Northern Shoveler 
Northern Pitail 
Spectacled Eider 
King Eider 
Long-tailed Duck 
Unidentified duck 
Willow Ptarmigan 
Unidentified ptarmigan 
Parasitic Jaeger 
Long-tailed Jaeger 
Glaucous Gull 
Sabine's Gull 
Arctic Tern 

Area searched (km2) 4.82 5.23 5.42 
waterbirdd nest density 17.4 2.9 5.9 
Total nest density 18.1 4.0 6.1 
Total number of nests 87 2 1 33 
Number of species 15 5 I1 

" Includes I nest identified to species by feather and down sample. 
Includes 2 nests identified to species by feather and down sample. ' Includes 3 nests identified to species by feather and down sample. 
Waterbirds include: loons, grebes. swans, ducks, cranes. jaegers, gulls, terns, and larger shorebirds. 

NPRA Study Area is discussed in greater detail in 
Loon Surveys, below. 

Three of the 4 species of geese that commonly 
breed on the Arctic coastal plain (Snow Goose, 
Brant, Greater White-fronted Goose, Canada 
Goose) nested in the Alpine West ground-search 
area. Snow Geese were absent from the NPRA 
Study Area. The Brant colony in the Alpine West 
ground-search area was identified during previous 
investigations and is known to have been used by 

Brant in the years 1996, 1998, and 2002 (Johnson 
et al. 1997, 1999: this study). The Alpine West 
colony comprised 8 nests in 2002 and the overall 
density of Brant nests in the Alpine West 
ground-search area was 1.66 n e s t s h 2 .  No Brant 
nests were found the other 3 ground-search areas in 
the 2002 NPRA Study Area. The density of 
nesting Brant in the Alpine West ground-search 
area falls within range of nest densities for Brant in 
the CD North ground-search area during the last 3 
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Figure 10. Distribution of waterfowl, loon, and other large waterbird nests in the Alpine West 
ground-search area, NPKA Study Are-a, Alaska, 2002. 
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Table 6. Nest success of birds in 3 ground-search areas in the NPRA Study Area, Alaska, 2002. Nest success is calculated only for waterfowl 
species, as explained in text 

Alpine West Lookout Spark Nestlng 
Success 

K 

Specles S2ccessf~l Failed U.xknowi Successful Falied Unknown Successful Failed Unknown (%) k 5. 
1,OONS 

Red-hroated Loon 
Pacific Loon 
Yellow-bilied Loon 

WATERFOWL 
Greater W11te-fronted Goose 
Canada Goose 
B r a t  
Umdentlfied goose 

Total Geese 

Tundra Swan 

Northern Shoveier 
Northern Pintail 
Spectacled Elder 
King Eider 
Long-tailed Duck 
Unidentified duck 

Totd Ducks 

OTHER SPECIES 
Willow Ptarmigan 
Unidentified ptarmigan 
Paras1 tic Jaeger 
Long-tailed Jaeger 
Glaucous Gull 
Sabine's Gull 
Arctlc Tern 

TOTAL NESTS 
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years (1.22-2.46 n e s t s h 2 ;  Johnson et a]. 2003b). 
Brant nested in one habitat type: Shallow Open 
Water with Islands or Polygonized Margins 
(Table 7). The distribution of Brant nests across 
the NPRA Study Area is discussed in greater detail 
in Goose Surveys, below. 

Greater White-fronted Geese were the most 
abundant large waterbird nesting in the Alpine 
West ground-search area with a nest density of 
7.3 nests/kmz. Cotter et al. (1998) also reported 
high densities (8.4 nestsikmz) of Greater 
White-fronted Goose nests in their shorebird 
ground search plots at Inigok, south of the NPRA 
Study Area. However much lower densities were 
reported in the other ground search areas in the 
NPRA Study Area in 2002 (see below) and 2001 
(Burgess et al. 2002). The density of Greater 
White-fronted Goose nests in the Alpine West 
ground-search area in 2002 was higher than has 
been reported in the CD South ground-search area 
(range 3.4-6.2 nests/kmz; years 2000-2002, 
Burgess et al. 2003) but lower than in CD North 
(range 9.9-1 1.3 nests/km2, years 2000-2002, 
Johnson et al. 2003b). Greater White-fronted 
Goose nests were located in 6 habitat types with 
the majority of nests in Patterned Wet Meadow (12 
nests) and Old Basin Wetland Complex (11 nests). 
No other habitat had >6 nests (Table 7). 

Canada Geese were the second most common 
nesting bird in the Alpine West ground-search area 
(3.32 nests1 kmz) in 2002. Canada Geese are 
relatively uncommon in the NPRA and, prior to the 
1980s, the Canada Goose was considered a 
non-breeder in NPRA (Derksen et al. 1981). 
Nesting Canada geese are common east of the 
Kuparuk River (Ritchie et al. 1990; ABR, unpubl. 
data) and in the Prudhoe Bay Area (Troy 1985, 
Murphy and Anderson 1993). Canada Goose nests 
were located in 5 habitat types (Table 7) with the 
majority of nests in Shallow Open Water with 
Islqds or Polygonized Margins (11 nests) and Old 
Basin Wetland Complex (3 nests). The distribution 
of Canada Goose nests across the NPRA Study 
Area is discussed in greater detail in Goose 
Surveys, below. 

One Tundra Swan nest was located in the 
Alpine West ground-search area. This nest hatched 
successfully and it was located in Moist Tussock 
Tundra habitat. The distribution of swan nests 

across the NPRA Study Area is discussed in 
greater detail in Swan Surveys, below. 

Two species of eiders and 3 other species of 
ducks (Northern Shoveler, Northern Pintail, 
Long-tailed Duck, and one unidentified duck) 
nested in low densities (50.41 nests/km2, 52 nests 
per species) in the Alpine West ground-search area. 
The single Spectacled Eider nest was discovered 
after the nest failed and it was identified to 
probable species on the basis of nest contents. The 
nest was located in Aquatic Sedge Marsh. No 
other Spectacled Eider nests were located in 2002 
ground-search areas in the NPRA. In 2001, ground 
search efforts focused on Spectacled Eiders and 
search areas were selected on the basis of 
Spectacled Eider sightings during aerial surveys, 
resulting in a higher nest density of Spectacled 
Eiders (0.49 nests/kmz, Burgess et al. 2002) than in 
the Alpine West area in 2002 (0.21 nests/kmz). 
Two King Eider nests were found in the Alpine 
West ground-search area (0.41 nestskm2), only one 
of the nests was successful. Nests were located in 
Shallow Open Water with Islands or Polygonized 
Margins and Aquatic Sedge Marsh habitat (Table 
7). Further discussion of the distribution and 
abundance of Spectacled and King Eiders is 
presented under Eider Surveys, below. 

Seven broods from 6 species were observed in 
the Alpine West ground-search area during July 
and August visits (Table 8, Figure 11). Broods of 
Pacific Loon, Greater White-fronted Goose, 
Glaucous Gull, Tundra Swan, and Willow 
Ptarmigan were sighted during the July nest fate 
survey and one Red-throated Loon brood was 
identified during August loon brood surveys. 
Brood-rearing waterbirds used both Deep Open 
Water habitat types and Old Basin Wetland 
Complex. Willow Ptarmigan broods used Moist 
Sedge-shrub Meadow (Table 9). 

Clover 
The Clover ground search area was located 

just west of the Clover A exploratory well. The 
Clover ground-search area lacked waterbodies or 
other aquatic habitats and was smaller than the 
other areas (0.25 kmz). Only 4 habitats were found 
in the Clover ground-search area (Table 4): 
Upland and Riverine Dwarf Shrub (52.6%), Moist 
Tussock Tundra (39.3%), Patterned Wet Meadow 
(7.2%), and Nonpatterned Wet Meadow (0.8%). 
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Table 8. Number of broods observed on 16 and 19 July and 20-21 August in 3 ground-search areas in 
the NPRA Study Area. Alaska. 2002. 

Alpine West Lookout Spark 

Red-throated Loon 
Pacific Loon 
Yellow-billed Loon 
Greater White-fronted Goose 
Tundra Swan 
King Eider 
Long-tailed Duck 
Unidentified scaup 
Willow Ptarmigan 
Glaucous Gull 
Sabine's Gull 

No nests of large waterbirds were found in the 
0.25 km2 Clover ground-search area (Figure 12). 
One brood of Willow Ptarmigan was reported 
incidentally in the Clover ground-search area on 30 
June (no location was recorded). No post-hatch 
visits were made to Clover. The limited size of the 
area and the lack of waterbodies both contribute to 
the absence of waterbird nests in Clover 
ground-search area. Tussock and upland habitats, 
which are common in the Clover ground-search 
area (Table 4), generally support fewer breeding 
large waterbirds than lake basin areas (Cotter and 
Andres 2000; Cotter et al. 1998). 

Lookout 
The Lookout ground-search area takes its 

name from the Lookout exploratory well located 
near the center of the 5.23 km2 ground-search area. 
With only one large lake and a beaded stream, 
water bodies and aquatic habitats accounted for 
only 5.4% of the Lookout ground-search area 
(Table 4). Eleven habitats occurred and Moist 
Tussock Tundra (55.7%) and Moist Sedge-Shrub 
Meadow (23.5%) were the dominant habitat types. 
No other habitat comprised >7% of the area. 

Twenty-one nests of 5 species were found in 
the Lookout ground-search area in 2002 (Table 5, 
Figure 13). One:-third of these nests belonged to 

Greater White-fronted Geese (8 nests). Will ow 
Ptarmigan (6 nests) were the second most common 
nesting species in the Lookout ground-search area. 
All other species had 13 nests. Nest density for all 
species was 4.02 nests/km2 in the Lookout 
ground-search area in 2002. The density of 
waterbird nests was 2.87 nests/km2. The density of 
waterbird nests in the Lookout area was lower than 
that in the Alpine West or Spark ground-search 
areas in 2002. 

Nesting success was relatively low for Greater 
White-fronted Geese in the Lookout ground-search 
area (25%, n = 8 nests; Table 6) .  In contrast, at 
least 5 of 6 duck nests in the Lookout 
ground-search area were successful. The fate of 
one Long-tailed Duck nest was not determined 
because the nest was still active on 16 July. 

Although Greater White-fronted geese were 
the most abundant nesting species of large 
waterbird in the Lookout ground-search area, their 
density ( I  .53 nests/km2) was low by comparison 
with the Alpine West ground-search area 
(7.26 nests/krn2) or with ground-search areas in 
wetland basins in the NPRA Study Area in 2001 
(2.1 1 nests/km2; Burgess et al. 2002). Greater 
White front goose nests were found in 3 habitat 
types (Table 10): Moist Tussock Tundra (5 nests), 
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Figure 11. Distribution of broods observed in the Alpine West ground-search area, NPRA Study Area, 
Alaska, July and August 2002. 
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Figure 12. Aerial view of the Clover ground-search area, NPRA Study Area, Alaska, 2002. No 
waterfowl, loon, or other large waterbird nests or broods were found in the Clover 
ground-search area. 
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lirsulfs and Discursion 

Figure 13 Distribution of waterfowl, loon, and other large waterbird nests and broods In the Lookout 
ground-search area, NPRA Study Area, Alaska, 2002. 
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Resulrs and Discu.rs~ on 

Table 10. Habitat use by nesting waterbirds in the Lookout ground-search area, NPRA. Alaska 2002. 

Habitat 

Shallow Open Water with Islands or Polygonized Margins 
Aquatic Sedge Marsh 
Old Basin Wetland Complex 
Patterned Wet Meadow 
Moist Sedge-Shrub Meadow 
Moist Tussock Tundra 

TOTAL 

-- - 

" Includes nests identified to species from feather and down samples. 

Patterned Wet Meadow (2 nests), and Moist 
Sedge-Shrub Meadow (1 nest). 

Ptarmigan nested at higher densities in the 
Lookout ground-search area (I .  1 5 nests/km2) than 
in  any other ground-search area in the NPRA in 
200 1 (Burgess et al. 2002) or 2002. Ptarrnlgan nest 
densities in the Lookout ground-search area in 
2002 were nearly as high as those in the CD South 
ground-search area of the Colville River Delta 
(3-year mean I .62 nests/km2, SD = 1.13 nests/km2, 
range 0.82-2.92 nests/km2; Burgess et al. 2003). 
Willow Ptarmigan nests were located in 3 habitats 
with the majority of the nests in Moist Tussock 
Tundra (Table 10). 

One brood of Long-tailed Ducks was 
observed on the single large lake (habitat type: 
Deep Open Water without Islands) in the Lookout 
ground-search area in August (Table 9, Figure 13). 
However, broods present in other wildlife habitats 
of Lookout would have been missed, because 
brood searches were limited to one lake. 

Spark 
The Spark ground-search area included 5 

large waterbodies and numerous ponds. 

Waterbodies and aquatic habitats comprised 43.7% 
of the 5.42 km2 ground-search area (Table 4). 
Fourteen habitat types were present and the 4 
major habitat types were Moist Sedge-Shrub 
Meadow (20.74%), Nonpatterned Wet Meadow 
(19.3%), Aquatic Sedge Marsh (1.5.8%), and Deep 
Open Water without [slands (15.5%). No other 
habitat comprised >6% of the area. 

Thirty-three nests of I 1 species were found in 
the Spark ground-search area (Table 5, Figure 14). 
Northern Pintails were the most abundant nesting 
species in the Spark ground-search area with 7 
nests, followed by Pacific Loon and Greater 
White-fronted Goose each with 5 nests, and King 
Eiders with 4 nests. All other species had 53 nests. 
The Spark ground-search area included a relatively 
high number of loon nests and a low number of 
Cireater White-fronted Goose nests, compared to 
other ground-search areas in the NPRA or on the 
Colville River Delta (Burgess et al. 2003, Johnson 
et al. 2003a, 2003b). 7'he high ratio of loon to 
White-fronted Goose nests probably reflects the 
high ratio of aquatic to terrestrial habitat in the 
Spark ground-search area (Table 4). 
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Hesulls and Discussion 

Figure 14. Distribution of waterfowl, loon, and other large waterbird nests in the Spark ground-search 
area, NPRA Study Area, Alaska, 2002. 
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Resul~s and Discus.sion 

Nest density for all species was 6.09 nests/km2 
in the Spark ground-search area in 2002 (Table 5).  
The density of waterbird nests wa! 5.90 nests/km2. 
The abundance of aquatic habitat in the Spark 
ground-search area attracted a relatively high 
number of' loons and ducks and relatively low 
number of nesting Greater White-fronted Geese. 

At least 3 of 5 Pacific Loon nests in the Spark 
ground-search area were successful, 2 were 
unknown fate (Table 6). The single Yellow-billed 
Loon nest also was successful. At least 4 of' 5 
Greater White-fronted Goose nests also were 
successful (one was unknown fate). In contrast, 
only 2 of 14 duck nests were successful (both King 
Eiders). 

[n the Spark ground-search area, loons nested 
in 3 habitat types (Table 11). Three Pac~fic Loon 
nests and one Yellow-billed L,oon nest were located 
in Aquatic Sedge Marsh. The other 2 habitats used 
by nesting loons in the Spark area were Shallow 
Open Water with Islands and Aquatic Grass Marsh 
(one Pacific Loon nest each). Four of the 5 Pacific 
Loon nests and the single Yellow-billed Loon nest 
in the Spark ground-search area were located on 
the shore of the same waterbody (Figure 14). That 
waterbody had a complex shoreline, which may 
have provided more isolated nest sites, and an 
abundance of aquatic vegetation (or brood cover). 
Three Pacific Loon broods and one Yellow billed 
Loon brood were sighted on this same waterbody 
during July (Figure 15, Table 9). Only 2 Pacific 
Loon broods were resighted in August. 

'The density of Greater White-fronted Goose 
nests in the Spark ground-search area was low 
(0.92 nests/km2) compared to other ground-search 
areas in NPRA in 2002 or 2001 (Burgess et al. 
2002). Bird studies in eastern NPRA and Colville 
River Delta typically report White-fronted Geese 
as having the highest nest density among the larger 
waterbirds (Burgess et al. 2002, 2003; Johnson et 
al. 2003b, Cotter et al. 1998). The relatively low 
density of White-fronted Goose nests probably 
reflects the relatively low abundance of drier 
habitats that are preferred by this species. Greater 
White-fionted Goose nests were found in 3 habitat 
types: Old Basin Wetland Complex (2 nests), 
Nonpatterned Wet Meadow (2 nests), and Moist 
Sedge-Shrub Meadow (1 nest; Table 11) 

Ten broods of 9 species were sighted in July 
and 6 broods of 5 species were sighted in August 

(including 3 re-sightings of July broods) in the 
Spark ground-search area (Table 8, Figure 15). A 
Tundra Swan brood of 4 young was seen in the 
Spark ground-search area in July and again in 
August, although no nests were located in the 
Spark area. It is likely that this brood was hatched 
from a Tundra Swan nest that was located adjacent 
to the southern boundary of the Spark ground 
search area (Figure 14) in Moist Tussock Tundra 
habitat. Brood rearing waterbirds used 5 aquatic 
habitats (Table 9) and the majority of the broods 
were sighted in Aquatic Sedge Marsh (5 nests). 

SHOREBIRD PLOTS 
During 5 visits (plot marking and nest 

searching) to 24 shorebird plots in 2002, we found 
197 nests belonging to 21 species of  birds 
(Appendix D). The total number of nests per plot 
found during these 5 visits in 2002 ranged from 
3-15 nests (36150 nests/km2) and averaged 8.2 
nests per plot (82 nestslkm2). The proportion of all 
nests in 4 categories of bird species in 2002 was 
6 1 % shorebird (n = 120 nests), 3 1% passerine 
(n = 6 1 nests), 6% waterfowl (n = 1 1 nests), and 
2% other birds (n = 5 nests; Table 12). The most 
common breeding birds were Lapland Longspur 
(55 nests, 28% of all nests), Pectoral Sandpiper (32 
nests, 16%), Semipalmated Sandpiper (26 nests, 
13%), Red-necked Phalarope (18 nests, 9%), and 
Long-billed Dowitcher (10 nests, 5%; Appendix 
D). 1,apland Longspur was found nesting on 20 of 
24 plots and the number of longspur nests per plot 
ranged from 0--6 nests (mean = 2 nestslplot). Thc 
maximal number of nests found on a plot for the 
other 4 common species was 6 nests for 
Semipalmated Sandpiper, 5 nests for Pectoral 
Sandpiper, 4 nests for Red-necked Phalarope, and 2 
nests for Long-billed Dowitcher. Dur~ng nest 
monitoring visits, an additional 7 nests were found 
incidentally: 2 nests of Black-bellied Plover and 1 
nest of Northern Pintail, Semi palmated Sandpiper, 
Pectoral Sandpiper, Ked Phalarope, and Lapland 
Longspur. Inclusion of these nests results in a 
mean density of 85 nests/kmz. 

In 2001,20 of the same plots and 4 other plots 
were sampled. Fewer nests were found in 2001 
(!72 nests) than in 2002, but the number of spec~es 
was similar betwcen years. The total number of 
nests per plot in 2001 ranged from 3-12 
(30-120 nests/km2) and averaged 7.2 nests per plot 



Results and l)i.scuss~on 

Table 1 1  Habitat use by nesting waterbirds in the Spark ground-search area, NPRA, Alaska, 2002. 

Shallow Open Water with Islands or Polygonized 
Margins 

River or Stream 
Aquatic Sedgc Marsh 
Aquatic Grass Marsh 
Old Basin Wetland Complex 
Nonpattcrned Wet Meadow 
Moist Scdge-Shrub Meadow 
Moist Tussock Tundra 

TOTAL 

* Includes nests ~dcrltified to spccies from featbcr and down samples 

(72 nests/km2). The proportion of all nests in the 4 
categories of bird species was similar in 2001 (59% 
shorebird, 31% passerine, 5% waterfowl, and 5% 
other birds) to 2002 and the 5 most common 
breeding birds were the same in both years. 

The mean density of all nests in shorebird 
plots in the NPRA Study Area in 2002 
(82 nestslkm2) was higher than in 2001 
(72 nestslkm3. Part of this increase is attributable 
to the higher density of nests on the one new 
cluster of 4 plots in 2002 by comparison with the 
cluster of 4 plots that was dropped after 2001 (31 
nests on the new 2002 plots versus 23 nests on the 
old 2001 plots; Appendix E). However, when only 
plots surveyed in both years are included, mean 
density still was higher in 2002 (83 nests/km2) than 
in 200 1 (74 nests/kmz). These annual densities for 
the NPKA Study Area were within range of 
densities reported in other study areas on the Arctic 
Coastal Plain: Kuparuk Oilfield (76 and 
7 1 nestslkm2 on 2 plots, n = 5 years; Moitoret et al. 
1996), the Pt. McIntyre area (64 nests/kn12, n = 10 
years; TERA 1993), the Atkasook study area near 
the Meade Kiver (105 nests/km2, n =  3 years; 
Myers et al. 1978c, 1979b, 1980b), the Barrow area 
(93 nestslkm2, n = 5 years; Myers and Pitelka 

1975a, I975b; Myers et al. 1977a, 1977b, 1978a, 
1978b, 1979a, 1979c, 1980a, 1980c), and the 
Alpine project area on the Colville River Delta 
(163 nests/km2, n = 4 years; Johnson et al. 2003a). 

Of the 5 clusters of plots that were sampled in 
the NPRA Study Area in both 2001 and 2002, more 
nests were found in 2002 on 4 of the 5 clusters 
(Appendix E). The number of species increased on 
only 2 of the 5 clusters. Between 1 and 16 more 
nests were found per cluster in 2002. Most of the 
difference between years was attributable to an 
increase in the abundance of shorebirds, except in 
Plots 1 4 ,  the only cluster that had more nests in 
2001 (Table 12). For species groups other than 
shorebirds, the number of nests per cluster differed 
little between 2001 and 2002, except for Plots 
53-56, which had 5 more passerine nests in 2002 
than in 200 1. 

The number of Pectoral Sandpiper nests 
increased more than any other shorebird species, 
from 19 nests (mean = 7.9 nestskm? in 200 1 to 32 
nests (mean - 13.3 nests/km2) in 2002. In the 
NPRA in 1998, a mean density of 30 Pectoral 
Sandpiper nests/km2 were found in drained lake 
basins (Cotter and Andres 2000). Dramatic 
variations in annual densities of Pectoral 



Resul!s and Discussron 

Figure 15. Distribution of broods in the Spark ground-search area, NPRA Study Area, Alaska, July and 
August 2002. 
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Table 12. Number and density (number/km2) of nests by species group found on clusters of shorebird plots (4 plots per cluster) during 
nest-searching visits in the NPRA Study Area, Alaska, 2001-2002. 

Shorebirds Passerines Waterfowl Other Birdsa 

2001 2002 2001 2002 2001 2002 2001 2002 

Plots No. Density No. Density No. Density No. Density No. Density No. Density No. Density No. Density 

Total Nests 101 42.1 120 50.0 54 22.5 61 25.4 9 3.8 I 1  4.6 8 3.3 5 2.1 

Number of Species 11 11 3 3 3 4 3 3 
P 

' Includes loons, ptarmigan, jaegers, gulls, and terns. 





Results and Discussion 

Yellow Wagtail nest (0.4 nestsikm) was found on 
plot in 2001. In general. the nest density of 
passerines, other than longspurs, is <2 nestsikm2 on 
the Arctic Coastal Plain (TERA 1993; Moitoret et 
al. 1996; Myers and Pitelka 1975a, 1975b; Myers 
et al. 1977a. 1977b, 1978a, 1978b, 1979a, 1979c, 
1980a, 1980c) except in the Alpine project area, 
where greater densities have been reported (ABR, 
unpubl. data.). 

Only 4 waterfowl species nested in NPRA 
shorebird plots in 2002: Greater White-fronted 
Goose, Northern Pintail, Greater Scaup, and 
Long-tailed Duck (Appendix D). All species, 
except for Greater Scaup, also were found in 
NPRA shorebird plots in 2001 (Appendix E). The 
shorebird plots were not designed to census 
low-density waterfowl, so only the most abundant 
species are likely to appear in plots. Nonetheless. 
the shorebird plots do provide a reasonable 
estimate of the overall density of waterfowl species 
in the areas sampled. The nest density of all 
waterfowl species in shorebiid plots in the NPRA 
Study Area was 3.8 nests/km2 in 2001 and 
4.6 nests/km2 in 2002 (Table 12). These annual 
densities for the NF'RA Study Area were withm 
range of densities reported in other study areas on 
the Arctic Coastal Plain: Kuparuk Oilfield 
(3.7 nests/km2, n = 5 years, Moitoret et al. 1996), 
Atkasook (5.3 nests/km2, n = 3 years; Myers et 
a1.1978c, 1979b, 1980b), Barrow (5.4 ne s t sh ' ,  
n = 5 years: Myers and Pitelka 1975a, 197b; Myers 
et al. 1977a, 1977b, 1978a, 1978b, 1979a, 1979c, 
1980a, 1980c), Pt. McIntyre (5.7 nestsikm2, n = 10 
years, TERA 1993), and the Alpine project area in 
the Colville River Delta (13.8 nests/km2, n = 4 
years; Johnson et a1 2003a). 

The most abundant waterfowl species nesting 
in the NPRA shorebird plots was the Greater 
White-fronted Goose. The density of Greater 
White-fronted Goose nests in NPRA Study Area in 
both years (2.5 nests/kmz; Appendix E) was similar 
to that in the Kuparnk Oilfield (2.1 nests/km2, n = 5 
years; Moitoret et al. 1996) but twice that found at 
Pt. McIntyre (1.1 nests/km2, n = 10 years, TERA 
1993) and less than the nest density found in the 
Alpine study area on the Colville River Delta 
(3.4 nests/km2, n = 6 years; Johnson et al2003a). 

Other birds occurring on the NPRA shorebird 
plots in 2002 included Red-throated Loon (1 nest), 
Willow Ptarmigan (3 nests), and Arctic Tern 

(1 nest) (Appendix D). Of these species, only 
Willow Ptarmigan was found nesting on plots in 
2001 (6 nests). Additional species found on plots 
in 2001 included Rock Ptarmigan ( 1  nest) and 
Long-tailed Jaeger (1 nest; Appendix E). 

All nests found on (204) and off (89) the 
NPRA shorebird plots in 2002 were checked for 
nest fate. Of these 293 nests, 213 were determined 
to be successful, 66 failed, and for 14 nests fate 
could not be determined. Eggshell evidence found 
at successful and failed nests during this study 
(Appendix F) corroborated patterns of evidence 
found at nests of other shorebiid species (Mabee 
1997). For calculations of daily survival rate 
(DSR), the nests of unknown fate and 9 additional 
nests that had insufficient data (e.g., found on the 
day of hatch or were found failed) were excluded. 
Mean DSRs were calculated for each plot cluster 
for species with 24 total nests, and for species 
groups in each plot cluster and for all plots 
together. 

Point estimates of DSR from the MARK 
analysis (Table 13) were similar to and often 
identical to those from using the Mayfield method 
(Appendix G). The 95% confidence intervals 
usually were wider with MARK. DSRs during the 
incubation period were quite variable among 
shorebirds, passerines, waterfowl, and their 
respective species in the NPRA Study Area (Table 
13). Overall, shorebirds had the highest DSRs, 
followed by passerines and waterfowl. By raising 
the DSR to the power of the average incubation 
period for the species of interest, one can calculate 
an improved estimate of nest success (% of nests 
hatched). By the Mark estimates, shorebird nesting 
success in the NPRA Study Area (assuming an 
average incubation period of 23 d) was 
(0.981" = 64%). Among shorebirds, Red-necked 
Phalaropes had the highest survival rates (all 21 
nests hatched), followed by Semipalmated 
Sandpipers, Long-billed Dowitchers, Pectoral 
Sandpipers, American Golden-Plovers, and 
Black-bellied Plovers. The differences in these 
survival rates were extreme. with 100% nest 
success for Red-necked Phalaropes and 6% for 
Black-bellied Plovers. Passerine nest success 
(composed predominantly of Lapland Longspurs) 
was moderate overall (66%) and ranged from 
100% (in plots 33-36, 45-48, 101-104) to 29% 
(plots 1-4). Waterfowl nest success was low 

43 NPRA Wildlife Studies. 2002 



Table 13. Daily survival rates (mean + 1 SE) and 95% confidence intervals calculated using program MARK for nests of shorebirds, waterfowl, Z 
and passerines in shorebird plots in the NPRA Study Area, Alaska, 2002. Dashes indicate no data for these species. 8 

i 
Mean Daily Survival Rate + SE - 

95% Confidence Interval ri 

b 
Sample Size of Nests i;. c1 

E 
All Plots Plots 1 4  Plots 2 1-24 Plots 31-34 Plots 4 1 4 4  Plots 51-54 Plots 101-104 F' 

3 

0.981 f 0.003 0.988 + 0.009 0.985 +0.007 0.986 + 0.006 0.972 + 0.007 0.981 + 0.006 0.984 -f 0.008 
0.975 - 0.986 0.952 - 0.997 0.964 - 0.994 0.967 - 0.994 0.954 - 0.983 0.966 - 0.990 0.958 - 0.994 

161 12 24 27 38 39 21 

American Golden-Plover 0.993 + 0.007 ? 1.000 + 0.000 ? ? ? ? 
0.955 - 0.999 1.000 - 1.000 

10 4 

Black-bellied Plover 0.899 + 0.03 1 ? ? ? ? ? 0.898 f 0.040 
0.822 - 0.945 0.790 - 0.954 

a 12 7 
C. 

Long-billed Dowitcher 0.988 + 0.009 ? ? ? ? ? ? 
0.952 - 0.997 

11 

Pectoral Sandpiper 0.979 + 0.006 0.983 f 0.016 0.979 + 0.014 0.986 + 0.010 ? 0.969 + 0.012 0.986 + 0.014 
0.964 - 0.988 0.892 - 0.998 0.921 - 0.995 0.945 - 0.996 0.936 - 0.985 0.910 - 0.998 

45 5 6 II 16 6 

Red-necked Phalampe 1.000 f 0.000 ? 1.000 + 0.000 1.000 + 0.000 ? ? ? 
1.000 - 1.000 1.000 - 1.000 1.000 - 1.000 

21 4 10 

Semipalmated Sandpiper 0.988 f 0.005 ? 1,000 f 0.000 ? 0.987 + 0.007 0.988 + 0.012 0.987 i 0.012 
0.973 - 0.995 1.000 - 1.000 0.962 - 0.996 0.918 - 0.998 0.917 - 0.998 

36 4 17 6 5 



Table 13. (Continued). 

Mean Daily Survival Rate + SE 

95% Confidence Interval 

Samole Size of Nests 

Species GroupISpecies All Plots plots 1-4 Plots 21-24 Plots 3 1-34 Plots 41-44 Plots 51-54 Plats 101-104 

waterfowlb 0.931 f0.019 ? 0.911 i 0.043 ? ? 0.947 f 0.030 0.946 i 0.037 
0.882 - 0.960 0.784 - 0.966 0.847 - 0.983 0.807 - 0.986 

17 5 4 4 

6 Lapland Lougspur" 0.957 + 0.015 ? 0.962 f 0.026 ? ? 0.936 + 0.03 1 ? 
0.916- 0.978 0.861 - 0.991 0.841 - 0.976 

31 6 13 

Lapland Longspur' 0.985 + 0.005 0.985i0.010 0.971 f0 .016  0. 989+0.010 1.000+0.000 0.978+0.011 1.000 f 0.000 
0.973 - 0.992 0.943 - 0.996 0.916 - 0.991 0.929 - 0.999 1.000 - 1.000 0.942 - 0.992 1.000 - 1.000 

77 18 10 I2 7 18 12 

All speciesB 0.976 f 0.003 0.980 f 0.010 0.976 + 0.007 0.985 f 0.006 0.973 f 0.007 0.974 f 0.006 0.972 ? 0.009 
0.969 - 0.981 0.947 - 0.992 0.958 - 0.987 0.967 - 0.993 0.957 - 0.983 0.958 - 0.983 0.948 - 0.986 

224 17 38 33 46 58 32 
5 
5 "Also includes Buff-breasted Sandpiper ( n  = 6). Bar-tailed Godwit (n = 2), Duolio (n = 5), Red Phalarope (n = 8) and Stilt 

Sandpiper (n = 5). 
Includes Greater Scaup ( n  = 2). Greater White-fronted Goose ( n  = 8). Long-tailed Duck (n = 1) and Northern Pintail % (n = 6) .  
Incubation period: also includes Common Redpoll (n = 5) and Savalnah Sparrow (n = 1). 

3 lncubalion and nestling period: also includes Common Redpall (n = 5) and Savannah Sparrow (n = I). 
b Incubation period 
-8 ' Incubation and nestling period. 
ru a Incubation period. also includes Arctic Tern (n - Z), Red-throated Loon (n = I )  and Willow Ptarmigan (n = 6). 

S 



Results and Discussion 

overall (-1 8%) and ranged from 11% @lots 25-28) 
to 27% (plots 53-56). 

Survival rates of passerine nestlings 
(throughout incubation and until birds left the nest) 
were also variable among clusters (again, 
predominantly Lapland Longspurs; Table 13). 
Nestling success of Lapland Longspurs was high 
overall in the NPRA Study Area (89%), ranging 
from 100% (plots 4 5 4 8  and 101-104) to a low of 
89% (plots 1 4 ) .  

LAKE DRAWDOWN STUDY 
As described above, water was removed from 

drawdown lakes for ice-road construction between 
early January and late March 2002, well before the 
nesting season. Engineers estimated that surface 
levels of the 5 drawdown lakes would fall between 
0.3 cm (0.1 in, Lake L9911) and 28 cm (11.2 in; 
Lake L9912). Actual measurements of surface 
levels indicated that 4 drawdown lakes dropped 
from 0.9 to 23 cm (0.4 to 9.2 in) between February 
and April @re- and post-drawdown; Baker 2002). 
Drawdown levels were not recorded for Lake 
L9817, from which 1.73 million gallons were 
removed. Over the same period (February and 
April), changes in water surface elevation were 
minimal for reference lakes -4 cm to +3 cm (-1.7 in 
to +1.1 in) (Baker 2002). Water levels peak across 
the Arctic Coastal Plain in early May to late June, 
as the winter accumulation of snow melts and 
drains into lake basins or river systems. By early 
June. Baker reported that the water surface 
elevation of both pumped and reference lakes were 
above the February pre-pumping levels. Water 
surface elevations declined gradually after the 
spring recharge through mid-August (Baker 2002) 
as is typical over the summer as a result of natural 
drainage, evaporation, and limited gains of water 
through precipitation. In the natural course of 

Small changes in water level may or may not 
impact nesting birds and the degree of any impact 
varies according to the life history pattern of each 
species. For example, most shore-nesting species 
select nesting sites that offer protection from 
mammalian predators (islands and complex 
shorelines), are near a food source, andlor provide 
escape cover for young. Of special interest are 
species that nest withm a restricted distance from a 
shoreline, such as Red-throated Loon, Pacific 
Loon, Yellow-Billed Loon, Canada Goose, Brant, 
Glaucous Gull, Red-necked Grebe, and Sabine's 
Gull. Substantial winter drawdown could affect 
these birds by causing connection of nesting 
islands to lakeshores, or increasing the 
accessibility of islands or shorelines to mammalian 
predators. Shoreline changes could also affect the 
availability of emergent vegetation cover or fish or 
invertebrate food of aquatic or semi-aquatic birds 
during either nesting or brood-rearing periods. 

Unfortunately, statistical comparisons of 
avian abundance or nesting success were not 
possible between drawdown and reference lakes. 
Problems include the small sample size of lakes 
and the small number of nesting and brood-rearing 
buds on these lakes; but most importantly, the 
drawdown and reference lakes were too dissimilar 
for valid comparison. The mean surface area of 
drawdown lakes (0.86 km2) was substantially 
larger than the mean surface area of the reference 
lakes (0.35 kmz) (Table 14). However, the 
investigation did document species composition on 
drawdown lakes and enable a discussion of 
potential impacts of water-level changes on aquatic 
and semi-aquatic buds that were observed there, 
based on their life histories. 

Twenty-eight nests of 9 species were found on 
the 10 lake study areas (5 drawdown lakes and 5 
reference lakes). includime 3 Pacific Loon nests . , - 

events, shore-nesting species will experience a presumed from the presence of broods ( ~ ~ b l ~  14). 
drop in water level between the time they initiate The lakes averaged 2,9 nests/lake or 
nesting and the hatching of their young. The 0.85 nestsikm of shoreline and 2.2 broodsllake or 
incubation period of NPRA waterbird species 0.69 broods perflun of shoreline. pacific L~~~~ 
ranges 22 to 29 days. Baker (2002) were the most abundant nesting species (15 nests), 
declines in water elevation of 2.7 to 10.4 cm (1.1 to accounting for half of the nests found, All other 
4.1 in) the 2nd and 28th of June. Winter species had 22 nests. Two thirds of the total nests 
drawdowns Of <5 inches (Observed in Of the belonged to shore-nesting species (Pacific Loon, 
drawdown lakes) are probably within the range of Yellow-billed Loon, Canada Goose, and Glaucous 
natural variability and likely have little effect on Gull), Twenty-two broods of 8 species were 
nesting water birds. observed on the 10 lake study areas (Table 15). 
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Table 14. Number of nests on 10 lake drawdown studv areas in the NPRA Studv Area. Alaska. 2002. 

Drawdom Lakes Reference Lakes 

L9817 L9911 M9912 M9922 M9923 L9807 L9823 MOO24 M9913 M9914 

Pacific Loon 
Yellow-billed Loon 
Greater White-fionted Goose 
Canada Goose 
Unidentified goose 
Greater Scaup 
Unidentified scaup 
King Eider 
Long-tailed Duck 
Red-breasted Merganser 
Unidentified duck 
Glaucous Gull 

P Shoreline searched (km) 
4 

Lake surface area (km') 
Lake surface area (acres) 
Total number of nests 
Number of species 

' lncludes one nest presumed from the presence of brood. 
Includes 2 nests pres~uned 6om the presence of broods. 

' Inclttdes one probable King Eider nest identified by feather and dovm sample. 
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Resrrlts and Discussion 

Pacific Loon broods were the most abundant (8 
broods), followed by Long-tailed Duck broods (4 
broods). 

In general, loons nest close to the water's edge 
and might, therefore, be vulnerable to adverse 
affects of water surface drawdowns. At Storkersen 
Point, Bergman and Derksen (1977) reported that 
the nests of Pacific Loons averaged 9.0 cm above 
water (SE = 0.8. n = 41) and nests of Red-throated 
Loons averaged 7.9 cm above water (SE = 0.7, 
n = 27). In the Northwest Tenitories, Dickson 
(1994) reported the mean midsummer 
measurement of Red-throated Loons nest height 
above water as 7.4 cm (SD= 3.2 cm, n= 83 ). 

No Red-throated Loons were sighted on any 
of the 10 study lakes and no nests or broods were 
found. The study lakes ranged in size from 8 to 
219 ha and were larger than the lakes generally 
used for nesting by Red-throated Loons. In areas 
where their range overlaps with Pacific Loons, 
Red-throated Loons select waterbodies <2 ha in 
size (Dickson 1994). Red-throated Loons are able 
to nest on smaller ponds than other loons because 
they require a smaller span of water to become 
airborne. Because these smaller and shallower 
waterbodies freeze to the bottom in winter, fish are 
typically lacking and Red-throated Loons must 
leave their small nesting ponds to forage in larger 
lakes or coastal waters to feed themselves and their 
young (Bergman and Derksen 1977). Because they 
generally use smaller lakes, winter drawdown of 
deep open lakes is unlikely to affect Red-throated 
Loons. 

At least one sighting of a Pacific Loon 
occurred on each of the I0 study lakes, and Pacific 
Loon nests occurred on 8 lakes, and broods on 5 
lakes (Tables 14, 15, and 16). Two reference lakes. 
L9823 and M0024, did not contain Pacific Loon 
nests or broods. The 8 NPRA study lakes that 
Pacific Loons nested on ranged in depth from 1.6 
to 2.7 m (Moulton 2001). which is deeper than 
trpical Pacific Loon nesting lakes. For example, 
Kertell (1996) reported that Pacific Loons did not 
nest on deep-open lakes in the Pmdhoe Bay area. 
At Storkersen Point, the maximum water depth of 
wetlands selected by Pacific Loons ( n  = 22 nests) 
did not exceed 0.5 m (Bergman and Derksen 
1977). Pacific loons feed on both fish and aquatic 
invertebrates. Pacific Loons often nest on 
waterbodies lacking fish, and aquatic invertebrates 

may be particularly important food for young 
Pacific Loons during the first half of the 
brood-rearing period (Kertell 1996. Derksen 1977). 
Older chicks may be fed fish from the nesting lake 
(Petersen 1989), or from other nearby lakes 
(Kertell 1996), but few observations of the delivery 
of fish to broods have been made (Kertell 1996), 
suggesting that fish are less important for broods 
than aquatic invertebrates. 

Yellow-billed Loons were present in only 2 of 
10 study lakes (L9911 and M0024, study lakes are 
illustrated in Figure 3). These large loons were less 
common in the NPRA Study Area than Pacific 
Loons and generally prefer large lakes. A group of 
3 Yellow-billed Loons was sighted on Lake L9911 
and a nest was located on a small pond adjacent to 
the lake (see Figure 18). While this nest was not 
successful in 2002, a brood was observed on Lake 
L9911 in the previous year (Figure 10 in Burgess et 
al. 2002). Observations from aerial surveys 
suggest that the Yellow-billed Loon brood found 
on Lake MOO24 originated from the nest located 
west of Lake M0024, in the Spark ground-search 
area (Figure 11). Adult Yellow-billed Loons 
provide their young with fish obtained from their 
brood lakes (Sjolander and Agren 1976) or from 
nearby lakes (Sage 1971). Moulton (2001) 
sampled lakes in NPRA with gill nets in 1999-2001 
and reported fmding fish in only one of the 10 
lakes in the drawdown study, reference Lake 
L9807; neither of the study lakes with 
Yellow-hilled Loons were reported to contain fish 
(Moulton 2001). It is unknown how far from the 
nest or brood-lake Yellow-billed Loons will forage 
to feed their young, but observations suggest that 
preferred nesting and brood-rearing lakes either 
contain fish or are located near fish-bearing lakes 
or streams. For example, fish data were available 
for 12 of the 22 Yellow-billed Loon nest lakes 
located in the NPRA study area in 2001 (Moulton 
2001), and fish were c o n f i e d  to be present in 
75% of those lakes on which Yellow-billed Loons 
nested (8 of 12 nest lakes). In addition, 
Yellow-billed Loon nests in the NPRA Study Area 
are limited to areas near the fish-bearing streams, 
Uvlutuuq and iqalliqpik. These observations 
suggest that the lack of fish may not exclude 
Yellow-billed Loons from nesting or rearing 
broods on a specific waterbody, but that the 
availability of fish-bearing waters on a broader 
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Table 16. Number of birds observed on 10 lake drawdom study areas in the NPRA Study Area, 
Alaska, JuneAugust 2002. 

Number of Buds 

MONTH 

Species 

Drawdown Lakes Reference Lakes 

L9817 L9911 M9912 M9922 M9923 L9807 L9823 MOO24 M9913 M9914 

JLlNE 
Pacific Loon 
Greater White-fronted Goose 
Canada Goose 
Tundra Swan 
Northern Shoveler 
Northem Pintal 
Greater Scaup 
Unidentified scaup 
King Eider 
Utidentified eida 
Long-tailed Duck 
Red-breasted Merganser 
Bar-tailed Gomvlt 
Parasitic Jaeger 
Glaucous Gull 
Sabine's Gull 
Arctic Tern 

M Y  
Pacific Loon 
Yellow-billed Loon 
Greater Wte-fronted Goose 
Canada Goose 
Unknown goose 
Tundra Swan 
Northern Pintail 
U~dmtified scavp 
King Eider 
Unidentified elder 
Long-tailed Duck 
Red-breasted Merganser 
Unidentified duck 
Glaucous Gull 
Sabine'r Gull 
Arctic Tern 

AUGUST 
Pacific Loon 
Yellow-billed Lwn 
Tundra Swan 
Nonhem Pmld  
Unidentified scaup 
King Eider 
Glaucous Gull 
C o m o n  Raven 
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scale might identify regions with potential to 
support higher densities of Yellow-billed Loons. 
(Distribution of loons is discussed in greater detail 
in the Loon Survey section below.) 

Glaucous Gulls adults were sighted flying 
over 7 of the 10 lakes and one nest was located at 
Lake L9807. A second nest was suspected on an 
inaccessible island in Lake M9912 because of the 
defensive behavior of the adult. However, no 
broods were noted in later visits to the lake. In 
1999, Anderson and Johnson (1999) reported a 
Glaucous Gull pair nesting on the Lake M9912. In 
August, a pair of highly mobile Glaucous Gull 
fledglings and 2 adults were sighted on a Lake 
M0024. This brood may have belonged to a 
Glaucous Gull nest found in the Spark 
ground-search area just north of Lake M0024. 
Glaucous Gulls prefer to nest on islands. In 2001, 
85% of Glaucous Gulls nests in the NPRA study 
area were located on islands (n = 30 nests; Burgess 
et al. 2002). 

Arctic Terns were sighted at 5 lakes, but no 
nests were found. These birds nest as single pairs 
or in small colonies. Terns feed on small fish but 
their diet also contains a significant proportion of 
invertebrates (North1997, Nisbet 2002). Large 
flocks of foraging terns (15-35 birds) were 
recorded at Lake M9914 and M9807on 30 June. 
These foraging birds were not capturing fish but 
feeding on smaller prey items. Terns forage in 
flocks because of the patchy and temporal 
distribution of their food source. 

Canada Geese were noted at 2 study lakes and 
a Canada Goose nest was found near Lake L9807 
in a series of ponds linked to the lake. Canada 
Geese nest mainly on islands and would be 
affected by drawdowns that caused their nesting 
islands to become attached to the lake shore or to 
become more accessible to mammalian predators. 

The avian species discussed above use 
shorelines and islands for nesting sites andlor lakes 
for feeding areas. Changes in water levels (both 
positive and negative) might affect the 
shore-nesting species by reducing the availability 
of nest sites or making nest sites more vulnerable 
to mammalian predators. Changes in water levels 
could also affect invertebrate and fish availability 
if water levels dropped enough to change water 
chemistry, decrease the amount of unfrozen water 
available during winter, or affect the amount of 

emergent vegetation on lake margins. Because the 
drawdown lakes recharged at least to their 
pre-withdrawal levels by June, when birds begin 
nesting, the winter drawdown of these lakes 
probably did not have any substantial effects on 
nest site availability or prey availability. 

EIDER SURVEYS 

Background 

The Alaska population of Spectacled Eiders 
declined sharply between the 1970s and 1992, 
primarily due to a decline in western Alaska on the 
Yukon-Kuskokwim Delta (Stehn et al. 1993: 
USFWS 1999). In 1993, the Spectacled Eider was 
listed by the USFWS as "threatened under the 
Endangered Species Act (58 FR 27474-27480). 
Since 1993, the western Alaska population appears 
to be sable or declining only slightly (Peterson et 
al. 2000). On the Arctic Coastal Plain, Spectacled 
Eider numbers may have declined slightly (<2%) 
since 1993, but the trend is not significant (Lamed 
et al. 2003). Results of statewide s w e y s  suggest 
that the Arctic Coastal Plain now supports the main 
breeding population of Spectacled Eiders in Alaska 
(USFWS 1996) with a population of at least 
6,000-7.000 buds (Lamed et al. 2001). Spectacled 
Eiders are uncommon nesters (i.e.. they occur 
regularly but are not found in all suitable habitats) 
on Alaska's Arctic Coastal Plain, and tend to 
concentrate on large river deltas (Johnson and 
Herter 1989). 

The Alaska breeding population of Steller's 
Eider was listed as threatened in 1997 (62 FR 
31 748) because it had declined substantially on the 
Yukon-Kuskokwim Delta in recent years (Kertell 
199 1, Quakenbush and Cochrane 1993). Currently, 
Steller's Eiders breed in extremely low numbers on 
the Yukon-Kuskokwim Delta, and the breeding 
range has contracted elsewhere in Alaska, likely 
contributing to the overall population decline. 
Historically, Steller's Eiders nested across most or 
all of the coastal plain (Kertell 1991, Quakenbush 
and Cochrane 1993), but currently they nest 
primarily around Barrow, although the total 
breeding range probably extends from Point Lay to 
near the Colville River Delta (Day et al. 1995, 
Quakenbush et al. 1995). The Steller's Eider has 
been recorded periodically in the Prudhoe Bay and 
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Kuparuk oilfields and on the Colville River Delta 
(USFWS 1998; ABR, unpubl. data). 

Although King Eiders are not listed as 
threatened in Alaska. their breeding population 
does appear to be declining at the eastern edges of 
their breeding range, primarily in western Canada 
(Dickson et al. 1997, Suydam et al. 2000). In the 
late 1970s, Derksen et al. (1981) suggested that 
King Eider densities appeared to decline west of 
the Colville River, but BLM (1998) reported that 
some of the highest densities of King Eiders on the 
coastal plain occurred in the Northeast Planning 
Area of NPRA. Lamed et al. (2001) reported that 
the number of King Eiders on the Alaska Coastal 
Plain has remained stable over the last 9 years. 

Spectacled Eider 

Distribution and Abrrndance 

Twelve Spectacled Eiders, one of which was 
seen flying, were observed in the eider survey area 
during the pre-nesting aerial survey on 1&11 June 
2002 (Table 17, Figure 16). Both the densities of 
indicated birds (USFWS 1987a) and of observed 
birds were 0.02 birdsilunz, about half the density 
counted in 2001 (Table 18), and both calculations 
of density were lower than densities recorded in 
other areas on the Arctic Coastal Plain. For 
example, the 9-year mean density of pre-nesting 
Spectacled Eiders in the CD North study area on 
the Colville River Delta was 0.20 birds/km2 
(Johnson et al. 2003b). The 9-year mean in the 
Kuparuk Oilfield was 0.08 birds/km2: Anderson et 
al. 2003), and the 9-year mean density across the 
Arctic Coastal Plain was 0.23 birdsikm2; Lamed et 
al. 2001). Earlier studies in northeastern NPRA 
also have reported low densities 
(0.03-0.09 b i r d s h Z )  for this species (BLM 1998, 
Anderson and Johnson 1999, Murphy and Stickney 
2000), c o n f i i n g  that this portion of NPRA does 
not support large numbers of Spectacled Eiders. 

Only 4 Spectacled Eider nests were found in 
the NPRA Study Area in 2001-2002. One nest 
was located in the Alpine West ground-search area 
in 2002 (Figure 10) and had failed before it was 
found. It was, therefore, identified to species based 
on the color and pattern of contour feathers in the 
nest. In 2001. 3 Spectacled Eider nests were found 
during ground searches of wetland basins that were 
not searched in 2002 (Burgess et al. 2002). No 
Spectacled Eider nests were located in similar 

ground searches in the NPRA in 1999 and 2000 
(Anderson and Johnson 1999, Murphy and 
Stickney 2000). No broods of Spectacled Eiders 
were found in either 2001 or 2002. 

Habitat Use 
Eleven groups of Spectacled Eiders 

representing 24 adults were observed (only eiders 
on the ground were used in the habitat analysis) 
within the area mapped for wildlife habitat (Figure 
2) during pre-nesting surveys in 2001 and 2002 
combined. Most of these Spectacled Eider groups 
occurred in lakes and wetland complexes (Table 
19). Of the 6 habitats that were used, 2 were 
preferred, one was avoided, and the others were 
used in proportion to their availability. Shallow 
Open Water with Islands or Polygonized Margins 
and Old Basin Wetland Complex were the only 
habitats preferred during pre-nesting. Sample size 
was small for the selection analysis (i.e., fewer 
locations than habitats), however, and the results 
will undoubtedly change with additional locations. 
Not surprisingly, the selection of habitat in the 
NPRA Study Area differed from that observed on 
the Colville River Delta, where Spectacled Eiders 
preferred habitats in the marine-influenced zone 
(e.g., Brackish Water, Salt-killed Tundra, Salt 
Marsh; Johnson et al. 2003b). Marine-influenced 
habitats are rare in the NPRA Study Area (Table 3). 
Nonetheless, Shallow Open Water with Islands or 
Polygonized Margins was preferred in both study 
areas. The other preferred habitat in the NPRA, 
Old Basin Wetland Complex, contains mosaics of 
wet sedge meadows, emergent vegetation, and 
waterbodies, which were constituents of habitats 
used or selected by Spectacled Eiders in other 
locations on the Arctic Coastal Plain (Bergman et 
al. 1977, Derksen et al. 1981, Warnock and Troy 
1992, Anderson et al. 2002). 

Similar habitats were used during nesting by 
Spectacled Eiders (Table 20). A selection analysis 
was not conducted for nest locations, because 
sample size was inadequate. Two nests were found 
in Old Basin Wetland Complex and one nest each 
was found in Shallow Open Water with Islands or 
Polygonized Margins and Patterned Wet Meadow. 
As mentioned earlier, the NPRA Study Area lacks 
the salt-affected habitats that Spectacled Eiders 
primarily used for nesting on the Colville River 
Delta (Johnson et al. 2003b). and the absence of 
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Table 17. Number and density of eiders during a pre-nesting aerial survey in the NPRA Study Area, 
Alaska, 1&11 June 2002. Coverage was 50% of the 1,100 km2 survey area (Figure 2). 

Number Density (bird&') 

Indicated Indicated 
Total Observed Total Breeding Total Total 

Species Males Females Buds Pairs Groups Birds" pairsb BirdsC Birds 

SPECTACLED EIDER 
On Ground 7 4 11 4 7 14 0.01 0.02 0.02 

Firing 1 0 1 0 1 <0.01 <0.01 
All Birds 8 4 12 4 8 0.01 0.02 

KING EIDER 
On Ground 105 75 180 54 62 207 0.19 0.33 0.38 
Flying 16 10 26 8 14 0.03 0.05 
All Birds 121 85 206 62 76 0.22 0.37 

UNIDENTIFIED EIDER 
On Ground 1 I 2 1 1 2 <0.01 <0.01 <0.01 
Flying 0 0 0 0 0 0 0 
All Birds 1 1 2 1 1 <0.01 <0.01 

Indicated total birds is calculated according to the standard USFWS protocol (USFWS 1987b). flying birds are not 
counted. 

"sity ofbreeding p& = total malerl550.1 b'. 
' Unadjusted density of total buds =total birds/550.1 !an2. 

Table 18. Numbers and densities of eiders during pre-nesting surveys in the NPRA Study Area, Alaska, 
2001-2002. 

Number Densitya 

Indicated Indicated 
Total Budsb Total BudsC Total ~ i r d s ~  Total BirdsC 

Species 2001 2002 2001 2002 2001 2002 2001 2002 

Spectacled Eider 2 1 12 20 I4 0.04 0.02 0.04 0.02 

Stellar's Eider 1 0 0 0 <0.01 0 0 0 

King Eider 128 206 98 207 0.25 0.37. 0.18 0.38 

Unidentified eider 5 2 6 2 0.01 <0.01 0.01 <0.01 

" 2001 survey area 1,022 h2; 2002 survey area 1.100 W. Coverage 50%. Densityin 2001 =oumberl5ll km2; 
density in 2002 = number1550 h2. 
Total birds includes both males and females and both flying and non-flying buds. 
Indicated total is calculated according to the standard protocol (USFWS 19872) and does not include flying buds. 
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Table 19. Habitat selection (pooled between years) by Spectacled Eiders and King Eiders duriog 
pre-nesting in the NPRA Study Area, Alaska, 2001-2002. 

SPECIES Area No. of No. of Use Availabtlity Monte Carlos 
Habitat (kmx) Adults Groups (%) (%) Results 

SPECTACLED EIDER 
Open Nearrhore Water 0.36 0 0 0 0 1 ns 
Brackish Water 0.63 0 0 0 0.2 ns 
Tapped Lake with Low-water Connedioo 0.88 0 0 0 0.3 ns 
Tapped Lake with High-water Crmnecnm 0.04 0 0 0 CO.1 ns 
Salt Marsh 1.57 2 1 9.1 0.5 11 P 

Tidal Flat 0.81 0 0 0 0.2 ns 
Salt-killed Tundra 0.07 0 0 0 c0. 1 ns 
Deep Open Water wtbout Islands 22.32 0 0 0 6.8 nr 
Deep Open Water with Islands or Polygonired Margior 17.39 4 2 18 2 5.3 n~ 
Shallow Opm Wata without lrLvlds 3.43 1 1 9.1 1 0  ns 
Shallow Open Water with Islands or Palygonized Margins 5.44 6 2 18.2 1.7 prefer 
Rive or Sueam 2 82 0 0 0 0 9  ns 
Aquatic Sedge Marsh 5.89 0 0 0 1.8 ns 
Aquatic Sedge with Deep Polygons 0.13 0 0 0 S0.I nr 
Aquatic Grass Marsh 0.93 0 0 0 0.3 0 5  

Young Basin Wetland Complex 1.04 0 0 0 0.3 ns 
Old Basin Wetland Complex 29.54 9 4 36 4 9.0 prefer 
Riverine Complex 132  0 0 0 0.4 ns 
Dune Complex 3.62 0 0 0 1.1 os 
Nmpauemed W n  Meadow 10.58 0 0 0 3.2 or 
Patterned Wet Meadow 37.23 0 0 0 11 3 ns 
Moist Sedgeshrub Meadow 78.55 2 1 9.1 23 9 11s 

Moia Tussock Tundra 91.75 0 0 0 27.9 avoid 
RiveMe Low and Tall Shrub 3.55 0 0 0 1.1 ns 
Upland and Riverins Dwarf Shrub 414 0 0 0 1.3 ns 
Upland Low and Tall Shrub 1.19 0 0 0 0.4 nr 
Bmenr 3.21 0 0 0 1.0 ns 
TOTAL 32841 24 11 100 100 

KING EIDER 
Opm Nearshore Water 0.36 0 0 0 0. l IS 

Brackish Water 0.63 0 0 0 0.2 nr 
Tamed Lake with Low-water Connechm 0 88 8 1 I 5  0 3 ns 
~ a i e d  Lake with Hi, 
Salt Marsh 
Tidal Rat 
Sal 
Deep Open Water without Idaslands 
Deep Open Water with Islands or Polygonid Margins 17.39 37 12 18.2 5 3 prefer 
Shallow O ~ e n  Watn without islands 3.43 12 7 13.6 1.0 orefn 

- 

&-water Connection 0 04 0 0 0 c 0  I ns 
1 5 7  0 0 0 0 5 ns 
0 81 0 0 0 0 2 nr 

1-kdled Tundra 0 07 0 0 0 <O I ns 
22 32 45 13 16 7 6 8 prefer 

.~~~~~ 
Shallow Water with Islands or Polygonired Margins 5.44 36 13 19.7 1.7 prefer 
River ar Stream 2.82 2 1 1.5 0.9 ns 
Aquatic Sedge Marsh 
Aquatic S e d p  wiDeep Polygons 
Aquatic Grass Marsh 
Youna Basin Wetland Comnla: 
Old Basm Wefland (.ompi& 
RlvRlne Complex 
Dune Complex 
Nonpanmed Wet Meadow 
Patterned Wet Meadow 
Mo~st Sedge-Shrub Meadow 
Mom Tussock Tundra 
Puvenne Low and Tall Shrub 
Upland and bvertne Dwarf Shrub 
Upland Low and Tall Shrub 
Banens 
TOTAL 

29.54 18 7 10.6 9.0 ns 
1.32 0 0 0.0 0.4 ns 
3.62 0 0 0 1.1 ns 

10.58 2 2 3.0 3.2 ns 
37.23 6 3 4.5 11.3 avoid 
78.55 LO 3 4.5 23.9 avoid 
91.75 2 1 1.5 27.9 avoid 

3.55 1 1 1.5 I 1  os 
4 14 0 0 0 1.3 ns 
1.19 0 0 0 0.4 ns 
3.21 0 0 0 1 0  ns 

328.41 183 66 LOO 100 

Sl@lficancc calculald lrom 1.900 ,crnulat~oosal o - u 05. nr - no1 slylticanl, preta - slylficanrl) grcaler 2rcthan 
a\ailablltr), a\onJ = rag~fiurnrl) .err urcthan a\stlahnltr) 
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those habitats may partially explain the low 
numbers of Spectacled Eiders nesting in this 
portion of the NPRA. 

Steller's Eider 
Steller's Eiders were not observed during the 

pre-nesting aerial survey in 2002. In 2001, one 
male Steller's Eider was observed flying during the 
pre-nesting aerial survey in the southern portion of 
the NPRA Study Area (Johnson and Stickney 
2001). Two other investigations reported Steller's 
Eider sightings in the region in 2001: one 
confi ied sighting of a pair of Steller's Eiders was 
reported on the Colville River Delta (Johnson et al. 
2002), and an unconfiied sighting was made in 
the Kupamk Oilfield (ABR, unpubl. data). 
Observations of Steller's Eiders are rare in the 
general area of the NPRA Study Area. No Steller's 
Eiders were seen during the pre-nesting aerial 
surveys in either 1999 or 2000 (Anderson and 
Johnson 1999, Murphy and Stickney 2000). 
However, 2 Steller's Eiders observations were 
recorded during the early 1 9 9 0 s 4 n e  to the south 
of the NPRA Study Area in 1993 and one to the 
northeast in 1995 (BLM 1998). Observations 
suggest that Steller's Eiders probably visit the 
NPRA Study Area less than annually, but that 
nesting is uncommon. 

King Eider 

Distribution and Abundance 
King Eiders were -20 times more abundant 

than Spectacled Eiders in the NPRA SMy Area 
during pre-nesting in 2002 (Table 17, Figure 17). 
The density of King Eiders was 0.38 indicated 
birds/km2, which was almost 50% higher than in 
2001 (Table 18). The density in 2002 was lower 
than the mean density of King Eiders in both the 
Kuparuk Oilfield (mean = 0.47 indicated 
birds/km2, n = 9 years; Anderson et al. 2003) and in 
the Alpine Transportation Comdor in 1997 
(0.47 indicated birds/km2; Johnson et al. 1998). 
The density of King Eiders in the NPRA Study 
Area in 2002 was within the range of densities 
(0.07-0.47 birdsikm2) previously reported for the 
Northeast Planning Area of NPRA (BLM 1998). 
Maps of King Eider density indicate that the 
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highest concentrations (1.00-4.32 birdsikm2) of 
King Eiders in the northeast planning area are 
north of the NPRA Study Area and southeast of 
Teshekpuk Lake (BLM 1998). 

Eight King Eider nests were located during 
ground searches in the NPRA Study Area in 2002. 
Two King Eider nests were found in the Alpine 
West ground-search area (Figure 10) and 4 nests 
were found in the Spark ground-search area 
(Figure 14, Table 5). one nest was found at lake 
M9923 and another at lake L9911 (Table 14). Only 
one brood was found (at Spark) during nest checks 
in July (Figure 15, Table 8). The mean clutch size 
was 4.8 eggslnest (n = 4 nests at which females 
were flushed) and hatching success was 50% (n = 8 
nests). The overall density of nests in the 4 
ground-search areas was 0.38 nests/km2. King 
Eider nests were found in all 4 NPRA 
ground-search areas in 2001 (Burgess et al. 2002), 
yielding a density of 1.3 nests/km2 (n = 8 nests). 
However, the density of nests in 2001 was 
probably an overestimate for the NPRA Study 
Area, because only wetland basins were searched, 
and drier areas likely supported fewer nests. King 
Eiders are reported as common nesters to the east 
of the Colville River Delta, especially in the 
Kuparuk Oilfield (Anderson et al. 2002), at 
Storkersen Point (Bereman et al. 1977). near Point . - , . 
McIntyre (TERA 1993), and near Pmdhoe Bay 
(Troy 1988), but are rare nesters on the Colville 
River Delta (Johnson et al. 2003b). 
Habitat Use 

King Eiders used 14 of 27 habitats during 
pre-nesting in 2001-2002 (Table 19). Four 
common waterbody habitats were preferred and the 
3 most abundant terrestrial habitats were avoided. 
Both types of Deep Open Water and Shallow Open 
Water were significantly preferred, and each of 
these habitats was used by >lo% of the King Eider 
groups. The only other habitat used by >lo% of 
the groups was Old Basin Wetland Complex, but 
use of this habitat did not differ significantly from 
its availability. Virtually the same habitats were 
preferred and avoided in the Alpine Transportation 
Corridor, just east of the Colville River; the 
exceptions were that in the Transportation 
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Corridor. River and Stream was preferred and 
Deep Open Water with Islands or Polygonized 
Margins was used in proportion to its availability 
(Johnson et al. 1998). 

Of the 14 King Eider nests found during 
2001-2002, 43% occurred in Old Basin Wetland 
Complex. Shallow Open Water without Islands, 
Nonpattemed Wet Meadow, and Moist Tussock 
Tundra each contained 14% of all nests (Table 20). 
Habitat selection was not calculated because the 
areas searched were relatively small and were not a 
representative sample of the study area. King 
Eiders appear to use a wide range of habitats. At 
Storkersen Point. King Eiders preferred shallow 
and deep Arctophila wetlands, basin complexes, 
and coastal wetlands during pre-nesting and nearly 
the same habitats during nesting (Bergman et al. 
1977). At Prudhoe Bay, pre-nesting King Eiders 
used almost all habitats but preferred wet, aquatic 
nonpatterned; aquatic strangmoor; and water with 
and without emergents (Wamock and Troy 1992). 

LOON SURVEYS 

Background 
On the Arctic Coastal Plain of Alaska, 

Yellow-billed Loons nest primarily between the 
Colville and Meade riven, with the highest 
densities found south of Smith Bay (Brackney and 
King 1992). The Colville River Delta, adjacent to 
the NPRA Study Area, also is an important nesting 
area for Yellow-billed Loons (North and Ryan 
1988a). Yellow-billed Loons arrive in the region 
just after the fust spring meltwater accumulates on 
the river channels, usually during the last week of 
May (Rothe et al. 1983) and they use openings in 
rivers, tapped lakes, and in the sea ice before 
nesting lakes are available in early June (North and 
Ryan 1988a). Nest initiation begins in the second 
week of June, hatching occurs in mid-July, and 
broods usually are raised in the nesting lake (Rothe 
et al. 1983); however, broods occasionally move to 
different, nearby lakes (North 1986). 

Red-throated and Pacific loons are common 
breeders along the Beaufort Sea coast in Alaska 
(Johnson and Herter 1989). Red-throated Loons 
nest on small tundra ponds (-0.4 ha) that have a 
moderate amount of vegetative cover, while Pacific 
Loons prefer to nest on larger (-3.0 ha) and deeper 
waterbodies than those used by Red-throated 

Loons (Bergman and Derksen 1977, Dickson 
1994). Egg-laying for both species typically 
begins during the third week of June, hatch occurs 
in mid-late July, and young fledge in September 
(Rothe et al. 1983: ABR, unpubl. data). The 
Red-throated Loon is restricted to nesting near the 
coast or near large lakes due to its reliance on large 
waterbodies for fish to feed its young (Bergman 
and Derksen 1977, Douglas and Reimchen 1988, 
Dickson 1994). Pacific Loons feed their young 
mostly invertebrates from the nesting lake or the 
wetlands that they inhabit (Bergman and Derksen 
1977). In 2001, all Red-throated Loon adults and 
nests were found in the northern part of the NPRA 
Study Area within 8 km of Uvlutuuq whereas 
Pacific Loons were distributed throughout the 
study area. 

Yellow-billed Loons 

Distribution and Abundance 
During the nesting aerial survey in 2002, 64 

Yellow-billed Loons and 26 nests were recorded in 
the NPRA Study Area (Table 21, Figure 18). 
One additional nest was found 0.16 km north of the 
NPRA Study Area in a lake that bisects the study 
area boundary. No additional nests were found 
during ground searches. Both loons and nests were 
concentrated in lakes adjacent to Uvlutuuq and 
Iqalliqpik, leaving much of the northwestern and 
southeastern portions of the study area unoccupied 
by Yellow-billed Loons (Figure 18). The density 
of loons was 0.07 birds/kmz in the 2002 
Yellow-billed Loon .survey area (878 km2). A 
similar distribution and density was found in the 
2001 Yellow-billed Loon survey area (621 kmz; 
Table 21). During 8 years of surveys, densities of 
Yellow-billed Loons on the Colville River Delta 
were -2 times higher than in the 
NPRA Study Area (mean = 0.14 b i rd sh l ,  range 
0.1 1-0.17 birdsikm2), with the highest density 
recorded in 2001 (ABR, unpubl. data). Previously 
recorded densities in other nesting areas on the 
Arctic Coastal Plain appear to be similar to those 
observed on the Colville River Delta: 
0.14budsikm2 at Square Lake in the NPRA 
(Derksen et al. 1981) and 0.16 birdskm2 in the 
Aiaktak region south of Smith Bay (Mclntyre 
1990). 

In 2002, the nest density of Yellow-billed 
Loons was 0.03 nestsikmz in the Yellow-billed 
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Table 20. Habitat use by nesting Spectacled Eiders and King Eiders in the NPRA Study Area, Alaska, 
2001-2002. 

SPECTACLED EIDER 
Shallow Open Water with Islands or Polygonized Margins 
Old Basin Wetland Complex 
Panemed Wet Meadow 

TOTAL 

KING EIDER 
Shallow Open Water with Islands or Polygonized Margins 
Aquatic Sedge Marsh 
Old Basin Wetland Complex 
Nonpattemed Wet Meadow 
Moist Sedge-Shrub Meadow 
Moist Tussock Tundra 

TOTAL 

No. of 
Nests 

Use 
(%J 

Loon survey area (Table 21). The same density of 
nests was found during aerial surveys in the 2001 
Yellow-billed Loon survey area. Nest density on 
the Colville River Delta was estimated to be 
0 .06nes t shz  in 2002 using the same aerial 
survey methods (ABR, unpubl. data). Higher 
densities of loons and nests on the Colville River 
Delta reflect the greater abundance of large, deep 
waterbodies. which are preferred for nesting and 
brood-rearing (Burgess et al. 2003). Although the 
NPRA Study Area supports a lower overall density 
of nesting Yellow-billed Loons than the Colville 
River Delta, the concentration of nests found in 
lakes adjacent to Uvlutuuq and Iqalliqpik (25 of 27 
nests in 2002) comprises a larger number of nests 
than typically occurs on the entire Colville River 
Delta (mean = 18.1 nests, range 13-23 nests, n = 8 
years; ABR, unpubl. data), meaning that the 
Uvlutuuq and Iqalliqpik area is an important 
breeding area for the species. The mean distance 
of nests to Uvlutuuq or Iqalliqpik was 0.97 km 
(range 0.154.00 km) and the mean distance of 
nest lakes to either creek was 0.52 km (range 
0.05-3.94 km). Each nest lake in 2002 contained 
one pair of Yellow-billed Loons, except for one 
large lake that contained 2 nests, which were 
1.8 km apart. In 2001, a different large lake 

contained 2 nests, which were 1.2 km apart. 
Sixteen of the 22 nesting locations found in 2001 
were active again in 2002, including 12 nests that 
were near (<lo m) or at the same nest site where a 
Yellow-billed Loon was found nesting in 2001 and 
four nests were on the same nest lake but >I0 m 
from the 2001 nest site (Figure 18). Yellow-billed 
Loons on the Colville River Delta have been 
known to reoccupy the same nest bowl in 
consecutive years (ABR, unpubl. data). 

During the brood-rearing aerial survey in 
2002, 47 adult Yellow-billed Loons and 6 broods 
were seen in the NPRA Yellow-billed Loon survey 
area (Table 21, Figure 18). Five broods had 1 
young each and 1 brood had 2 young. Each brood 
was seen in a lake near a known nest location. The 
density of adult loons on the brood-rearing survey 
(0.05 l o o n s h 2 )  was less than the density of adult 
loons on the nesting survey (0.07 loons/km2) and 
less than the density of adult loons seen on the 
2001 brood-rearing survey (0.08 loonsikmz). The 
density of adult loons on the Colville River Delta 
during the 2002 brood-rearing aerial survey was 
0.20 loonskm', which was above the 8-yr average 
of 0.15 loons/km2 (ABR, unpub. data.). Loons 
whose nests failed in the NPRA Study Area in 
2002 may have moved to the Colville River Delta 
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Figure 17. King Eider locations during pre-nesting aerial surveys, NPRA Study Area, Alaska, 2001-2002. 



Figure 18. Yellow-billed Loon nests and broods during aerial and ground surveys, NPRA Study Area, Alaska, 2001-2002. 



Results and Discussion 

Table 21. Numbers and densities (numberh2)  of loons and their nests, broods, and young during 
aerial surveys of the NPRA Study Area, Alaska, 2001-2002. 

Yellow-billed Loon Pacific Loon" Red-throated Loona 

Number Density (noikm2) Number Number 

Nests1 Nests1 Nests1 Nests1 
Year Adults Broods Young Adults ~ r w d s ~  Adults Broods Young Adults Broods Young 

Densities of Pacilic and Red-throated loons were not calculated because deteciability differed 6om that of Yellow- 
billed Loons and only lakes 210 ha were surveyed. 
In 2002. the nesting swey included 878 hn' of the NPRA Study Area. In 200 1, the nesting survey included 615 
km' of the NPRA Study Area. 
Only lakes where Yellow-billed Loons were observed during the nesting survey were surveyed. 

for staging. The density of broods in the NF'RA 
Yellow-billed Loon survey area in 2002 was 0.01 
broodsikm2, the same density as in the 2001 survey 
area. In both years, broods were associated with 
known nest locations (Figure 18). Brood density 
on the Colville River Delta ranged from 
0.01-0.04 broodsikm2 during 8 years of aerial 
surveys (ABR, unpubl. data). North and Ryan 
(1988a, 1989) found that adults with young 
remained on or near the nest lake during 
brood-rearing, and non-nesting and failed breeders 
also maintained their territories throughout the 
summer. 

Habitat Use 
Forty-one of the 47 Yellow-billed Loon nests 

that were found in the NF'RA Study Area in 2001 
and 2002 were included in the habitat selection 
analysis. Three nests that occurred in areas outside 
of the habitat map and 3 other nests that were 
found during ground searches in 2001 were 
excluded from the analysis. During 2 years of 
aerial surveys in the NPRA Study Area (2001 and 
2002), 41 Yellow-billed Loon nests were found in 
8 of 27 available habitats (Table 22). Twenty-three 
nests (56%) were located in Deep Open Water with 
Islands or Polygonized Margins, which was the 
only habitat preferred for nesting. Four other 

aquatic and 3 terrestrial habitats also were used for 
nesting: Deep Open Water without Islands (lo%), 
Shallow Open Water with Islands or Polygonized 
Margins (2%), Aquatic Sedge Marsh (7%), 
Aquatic Grass Marsh (2%). Nonpattemed Wet 
Meadow (7%), Patterned Wet Meadow (7%), and 
Moist Sedge-Shrub Meadow (7%). Moist 
Sedge-Shrub Meadow was the second most 
abundant habitat in the NF'RA Study Area (24%) 
and it was significantly avoided by nesting 
Yellow-billed Loons despite 3 nests occurring in it 
(Table 22). Two other habitats were significantly 
avoided by nesting Yellow-billed Loons-Moist 
Tussock Tundra, which was the most abundant 
habitat in the NPRA Study Area (28%), and Old 
Basin Wetland Complex-and both were unused. 
Nesting Yellow-billed Loons on the Colville River 
Delta also preferred Deep Open Water with Islands 
or Polygonized Margins (31 of 123 nests. 25%) and 
Patterned Wet Meadow (47 or 123 nests, 38%), 
which was the most abundant habitat on the delta 
(25% of all habitats) (Burgess et al. 2003). 

Most Yellow-billed Loon nests in the NPRA 
Study Area in 2001 and 2002 were located on 
islands (33 of 47 nests, 70%). Other nests were 
built on peninsulas, shorelines, or in emergent 
vegetation. All but 1 pair of Yellow-billed Loons 
in 2002 and 3 pairs in 2001 nested on large lakes 
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(>I0 ha). During 8 years of surveys on the Colville 
River Delta, most Yellow-billed Loon pairs were 
found nesting on large lakes (>lo ha; ABR, 
unpubl. data). 

In the NPRA Study Area in 2001 and 2002.10 
Yellow-billed Loon broods were found in 2 
different habitats-Deep Open Water without 
Islands and Deep Open Water with Islands or 
Polygonized Margins-and both were preferred 
(Table 22). Deep Open Water with Islands or 
Polygonized Margins was used by most broods 
(60% of total). Both types of Deep Open Water 
also were preferred during brood-rearing on the 
Colville River Delta (Burgess et al. 2003). The 
third preferred habitat on the Colville River Delta, 
Tapped Lake with High-water Connection, was 
rare in the NF'RA Study Area, accounting for 
<0.1% of all available habitats. 

Other Loons 

Distribution and Abundance 
In 2002, Red-throated and Pacific loons were 

recorded incidentally during the Yellow-billed 
Loon aerial survey (Figure 19, Table 21). Because 
the survey focused on larger lakes, counts of 
Red-throated and Pacific loons and their nests were 
incomplete and densities could not be calculated. 
Nine Red-throated Loon adults were seen on the 
aerial survey in 2002 and no nests were found. 
Nests of Red-throated Loons are not easily 
detected from the air. During ground searches in 
2002,4 Red-throated Loon nests were found (2 of 
these were near Shorebird Plots hut not within a 
plot) (Table 21, Figure 19. Figure 10, Table 5; see 
discussion in Large Waterbird Ground-search 
Areas). In the 2001 NPRA Study Area, ground 
searches were conducted specifically for 
Red-throated Loons in 4 plots and densities were 
0.10 birds/km2 and 0.07 nests/km2 (Burgess et al. 
2002). The nest density in the Red-throated Loon 
plots in 2001 was near the bottom of the range that 
has been reported in most other studies in the 
region. In order of nest density, other studies have 
reported 0.10-0.20 nestsikm2 in 2000-2003 at CD 
South (inland Colville River Delta; Burgess et al. 
2003); 0.08-0.49 nests/km2 (19962000) in the 
Alpine project area (central Colville River Delta; 
Johnson et al. 2003a); 0.40 nests/km2 (1972-1975) 
at Storkersen Point (Bergnan and Derksen 1977); 

and 0.50-0.82 nestsikm2 at CD North (coastal 
Colville River Delta; Johnson et al. 2003b). 

Pacific Loons were the most abundant and 
widespread loon species breeding in the NPRA 
Study Area (Figure 19). On the nesting aerial 
survey in 2002, 492 adult Pacific Loons and 123 
nests were found (Table 21). In 2001, a smaller 
area was surveyed and 362 adult Pacific Loons and 
96 nests were found (Table 21). Pacific Loons 
occupied small and large lakes, sometimes nesting 
on the same lakes as Yellow-billed Loons. During 
ground searches in 2002, 26 Pacific Loon nests 
were found (Table 21, Figure 19, Figure 10, Figure 
14, Table 5, Table 14; see discussion in Large 
Waterbird Ground-search Areas). During 2001, 
the density of Pacific Loons in the 4 Red-throated 
Loon plots was 0.37 nests/kmZ and 0.66 bidsikm2 
(Burgess et al. 2002). The density of Pacific Loon 
nests in 2001 was low relative to other densities in 
the region. For example. the mean nest density of 
Pacific Loons over 3 years of study (2000-2002) 
was 0.77 nestsikm' in the CD North ground-search 
area (coastal Colville River Delta; Johnson et al. 
2003b) and the mean nest density over 4 years of 
study (1972-1975) was 0.8 nestsikm2 at Storkersen 
Point (Bergman and Derksen 1977). Derksen et al. 
(1981) reported densities of 0.62.1 birdsikm' for 
Pacific Loons on 5 study plots within the NF'RA 
(nest densities were not reported). 

During the brood-rearing aerial survey in 
2002, 8 adult Red-throated Loons and 2 broods 
were observed (Table 21). An additional 2 broods 
were observed during ground searches (one was 
near, but not within, a lake study ground-search 
area) (Table 21, Figure 19, Figure 11. Table 8). In 
2001, 6 adults were seen on the aerial survey and 1 
brood with one young was found during ground 
searches (Burgess et al. 2002). For Pacific Loons, 
127 Pacific Loons and 15 broods were counted 
during the brood-rearing aerial survey. An 
additional 9 broods were observed during ground 
searches (Table 21, Figure 19, Figure 11, Figure 
15, Table 8, Table 15). In 2001, 94 adult Pacific 
Loons and 10 broods were observed during the 
aerial survey. The smaller number of birds 
observed during 2001 surveys is probably 
attributable to the smaller area surveyed (Table 21). 
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Table 22. Habitat selection (pooled among years) by Yellow-billed Loons during nesting and 
brood-rearing in the NPRA Study Area, Alaska, 2001-2002. 

SEASON Area No Nests (ire Avallabilitv Monte Carla' 
Habltat 

Nesting 
Open Nearshare Water 
Brackish Water 
Tapped Lake with Low-water Connectlon 
Tapped Lake with Hi@-water Connection 
Salt Marsh 
Tidal Flat 
Salt-hlled Tundra 
Deep Open Water without Islands 
Deep Open Water with Islands or PolygonizedMargins 
Shallow Opon Water without Islands 
Shallow Open Water with Islands or Polygonized Mar@ 
River or Sneam 
Aquatic Sedge Marsh 
Aquatic Sedge with Deep Polygons 
Aquatic Grass Marsh 
Young Basin Wetland Complex 
Old Basin Wetland Complex 
Rivmine Complex 
Dune Complex 
Nonpanemed Wet Meadow 
Patterned Wet Meadow 
Moist Sedge-Shrub Meadow 
Moist T~ssock Tundra 
Rivenne Low and Tall Shrub 
Upland and Riverine Dwarf Shrub 
U~land Low and Tall Shrub 

or Broods Results 

N 
ns 
ns 
N 

ns 
11s 
rs 
ns 

prefer 
ns 
N 
"s 
ns 
ns 
ns 
ns 

avoid 
N 
"E 

N 

N 
avoid 
avo~d 
ns 
N 
ns 
ns Barrens 

TOTAL 

Brood-rearing 
Open Nearshore Water 
Brackish Water 

ns 
ns 
ns 
N 

N 
m 
N 

prefer 
prefer 
N 

nr 
ns 
ns 
N 

ns 
ns 
ns 
L U i  

N 

11s 
ns 
m 
N 

ns 
ns 
ns 
I1S 

Tapped Lake wth Low-water Connectlon 
Tapped Lake \nth High-water Connection 
~ a l t ~ a r s h  
Tndal Flat 
Salt-k~lled Tundra 
Deep Open Water without Islands 
Deep Open Water with lslands or POlygo~ZedMargjnS 
Shallow Open Water without Islands 
Shallow Open Water with Islands or PolyganizedMargins 
River or Stream 
Aquatic Sedge Marsh 
Aquatic Sedge wiDeep Polygons 
Aouatlc Grass Marsh 
 dung Basin Wetland Complex 
Old Basin WetlandComplex 
Riverine Complex 
Dune Complex 
Nonpattemed Wet Meadow 
Panerned Wct Meadow 
Moist Sedge-Shmb Meadow 
Moist Tussock Tundra 
Svenne Low and Tall Shrub 
Upland and Riverine Dwarf Shrub 
Uoland Low and Tall Shrub 
Barrens 
TOTAL 

Significance calculated *om 1.000 simulations at a = 0.05; nr = not significant. prefer = signficantly greater use than availability, 
avoid = sign~frcanfly less usethan avaxlability. 
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Res~rlts and Discussion 

TUNDRA SWAN SURVEYS the range of nest densities recorded on the eastern 

Background 
Tundra Swans are common breeders across 

the Arctic Coastal Plain of Alaska. Pairs typically 
mate for life and defend a nesting temtory to which 
they return annually. Tundra Swans begin amving 
on the Arctic Coastal Plain while the ground is 
mostly snow-covered (late-May) and, as snow melt 
progresses, breeding pairs move to territories and 
begin nesting by early June. After eggs hatch in 
early July, the family groups remain together 
during brood-rearing, although they may range 
widely to fmd suitable foraging habitat (Johnson 
and Herter 1989). While the young are flightless, 
adults molt their flight feathers and also become 
flightless for about 3 weeks. Although 
brood-rearing swans remain in single-family flocks 
until departure in fall, nonbreeding swans may 
form large staging flocks of up to several hundred 
birds during September (Rothe et al. 1983, Smith et 
al. 1994, Johnson et al. 1998). The young are 
ready to fledge by mid-to-late September, and fall 
migration peaks along the Beaufort Sea coast in 
late September and early October (Johnson and 
Herter 1989). 

Distribution and Abundance 

Nesting 
During the aerial survey for nesting Tundra 

Swans on 25 June 2002, 76 breeding adults were 
associated with 43 nests (Table 23, Figure 20). An 
additional 8 nests were found by ground searchers 
and helicopter-based surveys for nesting 
Yellow-billed Loons and Brant (Figure 20). Nest 
density in the 2002 survey area was 0.04 nestskm2. 
In the slightly smaller survey area in 2001, 54 
breeding adults were associated with 3 1 nests and 
the density of nests was 0.03 nestsikm2. Swan 
nesting density in the NPRA Study Area is 
comparable to the 14-year mean nest density 
recorded in the Kuparuk Oilfield (2247 km2 survey 
area; mean = 0.04 nestsikm2; range = 

0.01-0.05 nestsikm2; 1989-2002; Anderson et al. 
2003) but below the 9-year mean nest density 
recorded on the Colville River Delta (551 km2 
survey area; mean = 0.06 nests/km2; range = 0.03- 
0.10 nests/krn2; years: 1992-1993, 1995-1998, and 
200&2002; Johnson et a1 2003b). Nesting density 
of swans in the NPRA Study Area is also within 

Arctic Coastal Plain (0.04-0.06 nestsikm2; Plane 
and Brackney 1987). 

In 2002, densities of breedmg adults 
(0.07 birdsikmz), nonbreeders (0.16 b i rd sk2 ) .  
and total swans (0.23 b i r d s k 2 )  all increased over 
2001 (Table 23), and differed only slightly from the 
Kuparuk Oilfield in 2002 (0.09, 0.13, and 
0.22 birdsikm2, respectively) (Anderson et 
a1.2003). The density of adult swans in the NPRA 
Study Area during the nesting season in 2001 and 
2002 was within the range of densities reported by 
BLM (1998) for the northeastern NPRA 
(0-0.59 birdsikm2). As was the case for nest 
densities, the Colville River Delta supported 
greater densities of all categories of swans in 2002: 
breeding swans, 0.17 birdskm2; non-breeding, 
0.34 birds/km2; and total birds, 0.51 b i r d s h 2 .  

In 2002, Tundra Swans nesting between the 
Kuparuk River and the western edge of the NPRA 
Study Area (total area surveyed, 3819 kmz) 
increased in number over that of the past several 
years (ABR, unpubl. data). On the Colville River 
Delta. 55 swan nests were found in 2002, more 
nests than had been counted in 8 previous years of 
aerial surveys (Johnson et al. 2003b). In the 
Kuparuk survey area, 115 swan nests were 
recorded the second largest number in 13 years of 
surveys (Anderson et a1.2003). Although we have 
only 2 years of survey data for the NPRA Study 
Area, the increase in nests from 32 in 2001 to 41 in 
2002 is suggestive of a similar trend. 

Brood-rearing 

We counted 302 Tundra Swans in the survey 
area during the brood-rearing aerial survey in 
August 2002 (Table 24, Figure 20). This total 
included 27 broods comprising 55 young and 53 
breeding adults. An additional 194 non-breeding 
adults were counted, primarily in pairs scattered 
throughout the survey area. In 2001,21 broods (53 
young, 40 adults) were recorded in the common 
survey area. 

Although the number of swan nests appeared 
to increase across the region in 2002, nesting 
success apparently was low. A rough estimate of 
nest success, calculated as the number of observed 
broods divided by the number of observed nests, 
suggests a minimum nesting success of 63% in the 
NPRA in 2002 (27 of 43 nests successful). Similar 
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Results and Discussion 

calculations yielded an estimate of 68% nesting 
success in the NPRA study area in 2001. 
Comparable brood-rearing surveys in the Kuparuk 
Oilfield and on the Colville River Delta indicated 
minimum nesting success rates of 58% and 31%, 
respectively, in 2002 (ABR, unpubl. data.). These 
are the lowest success rates that have been 
recorded in the Kuparuk and Colville River Delta 
areas, where mean nesting success is 81% (n = 13 
years) and 71% (n = 9 years), respectively. 
Although nesting success was somewhat higher in 
the NPRA than in either Kuparuk or Colville areas 
in 2002, both the 2001 and 2002 estimates of 
nesting success in NPRA were below the long-term 
averages for those areas. 

In 2002, the mean brood size of 
2.0 younghrood (range 1-4), for the NPRA Study 
Area was less than the mean of 2.5younghrood 
found in 2001. Over 13 years of aerial surveys in 
the Kupamk Oilfield, the mean brood size was 
2.5 younghrood, and over 9 years of surveys of the 
Colville River Delta, the mean was 
2.7 youngibrood. However, brood sizes in both the 
Kuparuk and Colville River Delta areas were near 
or above average in 2002. On the Colville River 
Delta, brood size averaged 3.2 young (n = 17). the 
highest mean since 1996. In the Kuparuk survey 
area, broods averaged 2.4 young (n = 67), also the 
highest value since 1996. The healthy average size 
of surviving broods throughout the region surveyed 
indicates that the loss of entire broods, rather than 
partial brood loss, was a widespread occurrence. 
Although the nest success rate for NPRA in 2002 
was higher than either the Colville River Delta or 
the Kupamk Oilfield study area, the mean 
brood-size was smaller, and exhibited an opposite 
trend compared with the neighboring areas. 

Habitat Use 

Nesting 
Forty-six of 74 total Tundra Swan nests in 

2001 and 2002 were located inside the mapped 
portion of the NPRA Study Area. Swan nests 
occurred in a wide variety of habitats (Table 25). 
Nine nests were found in the 2 preferred habitats: 
Deep Open Water with Islands or Polygonized 
Margins and Aquatic Grass Marsh. Moist 
Sedge-Shrub Meadow was found to be avoided by 
nesting swans. Although not identified as 
preferred, Moist Tussock Tundra was the most 

widely available habitat in the study area and was 
used by the largest percentage (30.4%) of nesting 
swans. 

Tundra Swans breeding on the Canning and 
Kongakut river deltas in northeastern Alaska 
selected marsh habitats and nested near large lakes 
or coastal lagoons (Monda et al. 1994). Monda et 
al. (1994) found that nesting babitat preferences 
differed between their two study sites, which 
reflected differences in habitat availability. On the 
Kongakut delta, 42% of 36 nests were in areas 
classified as saline paminoid-shrub (probably 
equivalent to Salt Marsh). On the Canning delta, 
52% of 54 nests were in paminoid-marsh 
@robably equivalent to Aquatic Grass and Aquatic 
Sedge marshes), 26% were in graminoid-shrub- 
water sedge @robably equivalent to Pattemed Wet 
Meadow). 

Brood-rearing 
Tundra Swans with broods used 10 of 27 

available habitats in the NPRA Study Area (Table 
25). The majority (64%, 21 of 33) of broods in the 
NPRA Study Area were found in two preferred 
habitats: Deep Open Water with Isands or 
Polygonized Margins and Deep Open Water 
without Islands (Table 25). Four broods were 
found in Non-Pattemed Wet Meadow, the thud 
preferred habitat. Four broods were found in the 3 
avoided habitats: Pattemed Wet Meadow, Moist 
Sedge-Shrub Tundra, and Moist Tussock Tundra. 

Swan broods in northeast Alaska used 
different habitats as the brood-rearing season 
progressed (Monda et al. 1994). Early in the 
brood-rearing season on the Kongakut River delta, 
Tundra Swans grazed mainly in saline graminoid 
marsh and aquatic-marsh habitats. Later in the 
season, surface and sub-surface foraging 
concentrated more in aquatic-marsh habitat. 
Changes in habitat and foraging methods may be 
related to nutritive quality of different plants or the 
increasing ability of older, larger cygnets to feed on 
submerged vegetation (e.g., pondweed 
[Potamogeton spp.]) in deeper water. Several 
studies have identified salt-affected habitats as 
important for Tundra Swans during the 
brood-rearing and molting periods. Spindler and 
Hall (1991) found swans feeding on various 
species of submergent pondweed in late August 
and September in brackish water on river deltas of 
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Table 23. Number and density (numberkm2) of Tundra Swans and nests during aerial surveys of the 
NPRA Study Area, Alaska, June 2001-2002. 

Number Density 

2001 2002 200la 2o0zb 

NESTS 3 1 43 0.03 0.04 

BREEDING SWANS 
Singles 8 10 0.01 0.01 
Pairs 23 33 0.02 0.03 
Total Adults 54 76 0.05 0.07 

NON-BREEDING SWANS 
Singles 23 25 0.02 0.02 
Pairs 44 55 0.04 0.05 
In Flocks 24 34 0.02 0.03 
Total Adults 135 169 0.13 0.16 

TOTAL SWANS I89 245 0.19 0.23 

Y O 0 1  density based on a survey area of 1.021 km2. 
' 2002 density based on a survey area of 1,100 kmz. 

the Kobuk-Selawik Lowlands. On the Colville 
River Delta, swans also favor pondweed during the 
brood-rearing and molting periods (Johnson and 
Herter 1989) and salt-affected habitats (Brackish 
Water, Salt Marsh, and Tapped Lake with 
Low-water Connection) were identified as 
preferred by brood-rearing swans on the Colville 
River Delta (Burgess et al. 2003). Wilk (1988) 
described spring-staging swans feeding on 
abundant pondweed in tidally influenced habitat in 
the Naknek River. Monda et al. (1 994) also found 
that pondweed and alkali grass (Puccinellia 
phryganodes) were important component of the 
diet of swans in salt-affected habitats of the 
Kongakut and Canning river deltas. The NPRA 
Study Area contains very little salt-affected habitat 
(e.g., Tapped-lake with Low-water Connection) yet 
swans successfully rear broods there. 

GOOSE SURVEYS 

Background 
Nesting colonies of Brant and their 

brood-rearing areas have received special 
consideration during oilfield planning because of 

declining populations of this species throughout its 
range in Alaska. Brant are traditional in their 
selection of nesting and brood-rearing areas and, 
hence, potentially vulnerable to changing 
conditions in those areas. Brant arrive in the 
region in late May and early June, and nest 
initiation begins as soon as suitable nesting habitat 
is available (Kiera 1979, Rothe et al. 1983). AAer 
eggs hatch in early July, most brood-rearing birds 
move from nesting areas to salt marshes along the 
coast. The fall migration of Brant along the arctic 
coast of Alaska usually begins in mid-to-late 
August (Johnson and Herter 1989). Salt marshes 
and major river deltas, such as the Colville River 
Delta, provide important resting and feeding areas 
for Brant at that time (Johnson and Richardson 
1981). 

Greater White-fronted Geese commonly breed 
along the Beaufort Sea coast (Johnson and Herter 
1989) and were reported to be the most abundant 
nesting goose in the vicinity of Point Barrow in the 
early 1900s (Anderson 1913, see Johnson and 
Herter 1989). In earlier investigations in 
1977-1978, weekly ground censuses of large birds 
in 6 locations in the NPRA yielded mean seasonal 
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Table 24. Number and density (numberikm2) of Tundra Swans and broods during aerial surveys of the 
NPRA Study Area, Alaska, August 2001-2002. 

Number Density 

2001 2002 20018 2002~ 

BROODS 2 1 27 0.02 0.03 

BREEDING SWANS 
Sigles 
Pairs 
Young 
Total Adults 

NON-BREEDING SWANS 
Singles 15 19 0.01 0.02 
Pairs 52 57 0.05 0.05 
In Flocks 58 61 0.06 0.06 
Total Adults 177 194 0.17 0.18 

TOTAL SWANS 
Adults 
Young 
Total Swans 

' Density based on a survey area of 1.02 1 lan2. 
Density based on a survey area of 1,100 km2. 

densities of Greater White-fronted Geese ranging 
from 0.7 birds/km2 at Meade River near the coast 
to 2.7 birds/!un2 at Singiluk, 140 km inland 
(Derksen et al. 1981). Greater White-fronted 
Geese amve on the breeding grounds by mid-late 
May, and will nest singly or in small loose colonies 
(Johnson and Herter 1989), usually initiating nests 
by early June. Hatching typically occurs by the 
last week of June or fvst week of July, and the 
young are taken almost immediately to water. 
Greater White-fronted Geese usually rear their 
broods in groups and are often found in or near 
larger lakes. These geese begin fall-staging and 
migration earlier than observed in other 
arctic-nesting geese, and will have gathered into 
flocks by mid-August, often staging on deltas or 
along rivers (Johnson and Herter 1989). 

The Canada Goose is a regular breeding and 
molting bird along the Beaufort Sea coast, but does 
not occur in all suitable habitats. Prior to 1996, 
Canada Geese were not reported nesting either in 

NPRA (Derksen et al. 1981) or on the Colville 
River Delta (Simpson et al. 1982, North et al. 
1984), although local residents have observed 
Canada Geese nesting in the NPRA since at least 
the 1980s (J. Helmericks, pers. comm.). Canada 
Geese arrive and nest at about the same time as the 
other geese discussed above. A major molting area 
for these geese is located near Teshekpuk Lake, 
northwest of the NPRA Study Area (Derksen et al. 
1981). 

Distribution and Abundance 

During the nesting survey on 18 June 2002.5 1 
Brant and 26 nests were recorded at 9 locations 
within the NPRA Study Area during the aerial 
survey (Figure 21). The majority of the nesting 
locations were in the northeastern section of the 
study area in the vicinity of Iqalliqpik and 
Tiqmiaqsiugvik. In addition, 2 nesting locations 
were immediately outside of the northeast section 
of the study (Figure 21), one of which had an 
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Table 25. Habitat selection by Tundra Swans during nesting and brood-rearing in the NPRA Study 
Area, Alaska, 2001-2002. 

No, of 
SEASON Area Nests or Use Availabilit? MonteCarlo 

Habitat lkm') Broods (43 ("a) Results' 

NESTING 
Open Nearshore Water 0 0 

Brackish Water 0.03 0 0 ~ 0 . 1  ns 

Tapped Lvke with Luw-water Connection 1.59 0 0 0.2 ns 

Tapped Lake with High-water Connectton 0.01 0 0 c0.1 ns 

Salt Mars11 0.08 0 0 CO. 1 ns 

Tidal Flat 0 0 

Salt-killed Tundra 0 0 

Deep Open Water without islands 44.52 1 2.2 6.9 ns 
Deep Oprn Water with Islands or Polygonized Margins 33.66 7 15.2 5.2 prefer 

Shallow Open Water w!!hout islands 6.70 0 0 1.0 ns 

Shallow Open Water wilh Islands or Polygonrzed Margins 10.61 2 4.3 1.7 ns 

River or Stream 5.85 0 0 0.9 ns 

Aquatic Sedge Marsh 1 1  22 1 2.2 1.7 ns 

Aquatic Sedge wrthDeep Polygans 0.27 0 0 c0.1 ns 

Aquallc Grass Marsh 1.79 2 4.3 0.3 pxfer 

Youns Basin Wetland Complex 2.27 0 0 0.4 n~ 

Old Basrn Wetland Complex 57.88 5 10.9 9.0 na 
Riverine Complex 2 75 0 0 0.4 ns 

Dune Complex 7.59 1 2.2 1.2 ns 

Nonpattemed Wet Meadow 19.43 - 4.3 3.0 ns 

Parremed Wet Meadow 72.74 4 8.7 11.3 ns 

Moist Sedge-Shrub Meadow 156.llV 6 13.0 24.3 avoid 

Mairt Tussock Tundra 182.43 15 32.6 28.4 ns 

Riverine Low and Tall Shrub 7.22 0 0 1.1 no 
Upland md Riverine Dwarfshrub 8.94 0 0 1.4 ns 

Upland Low and Tall Shrub 2.79 0 0 0.4 n i  

Barrens 6.25 0 0 1 .0 ns 

TOTAL 64272 46 100 100 

BROOD-REARING 
Opcn Nearshore Water 0 0 

Brackish Water 0 03 0 0 <0. 1 ns 

Tapped Lake with Low-water Connecrion l 5 9  0 0 0.2 ns 

Tapped Lake u,tth High-water Connection 0.01 0 0 c0.1 ns 

Salt Manh 0.08 0 0 c0.l ns 

Tidal Flat (1 0 

Salt-killed Tundra 0 0 

Deep Open Wstcr withour islands 44.52 10 30.3 6.9 prefer 
Deep Open Water with Islands oiPolygonlzed Margins 33.66 I I 33.3 5.2 prefer 

Shallow Open Water wtthout islands 6.70 I 3 0  1.0 ns 
Shallow Open Watcr with Islands or Polygon~zcd Margins 10.61 I 3.0 1.7 ns 

R l r s o r  Stream 5.85 0 0 0.9 ns 

Aquatic Sedge Manh 11.22 0 0 1.7 ns 

Aquat~c Sedge with Deep Polygons 0.27 0 0 ~ 0 .  1 ns 

Aquatnc Grass Marsh 1.79 0 0 0.3 ns 

Young Basin Wetland Complex ? 2 7  0 0 0.4 ns 

Old Basin Wetland Complex 57XX I 3.0 9.0 ns 

Rlverine Complex 2.71 I 3.0 0.4 ns 

Dune Complex 7.59 0 0 1.2 " 5  

Nonpattemed Wet Meadon 19.43 4 12.1 3.0 prefer 

Partemcd Wet Meadox, 72.74 I 3.0 11.3 avoid 

Moist Sedge-Shrub Meadow 156.09 2 6.1 24.3 avatd 

Moist Tusroci Tundra IliZ.43 1 3.0 28.4 avoid 

Riverine Low and Tall Shrub 7.22 0 0 1.1 ns 

Upland and Rivmine Dwarf Shrub X.94 0 0 1 4  ns 

Upland Lox and Tall Shrub 2.79 0 0 0.4 ns 

Barrens 6.25 0 0 1.0 ns 

TOTAL 642.72 33 IW 100 

Significance calculated horn 1.000 simulations at a = 0.05: ns = not significant, prefer= significmlly greater use than availabil~w, 
a\old = significantly less aw than availability. 
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estimated 50 adults and 25 nests present. The 
number of Brant and nests observed in 2002 was 
more than twice as great as that recorded in 2001 
(20 Brant and 9 nests at 8 locations). The 
difference was likely due to refmement of the 
helicopter survey method and more favorable 
weather conditions during the survey in 2002. The 
Brant colony in the Alpine West ground-search 
area had 6 Brant nests in 2002 (the most accurate 
count of nests in this colony was made by 
ground-searchers) (Figures 10 and 21). Although 
suitable habitats for nesting Brant exist in the 
vicinity of Uvlutuuq and Iqalliqpik, much of the 
remainder of the study area lacks suitable habitats 
and is farther inland than Brant typically are found 
nesting (Anderson et al. 1999, Johnson et al. 1999, 
Ritchie and Wildman 2000). 

During the nesting aerial survey in 2002, 48 
Canada Geese and 22 nests were recorded at 23 
locations (Figure 21). In comparison, only 7 
Canada Geese and 1 .nest were recorded 
incidentally at 4 locations in 2001. Ground 
searchers found an additional 18 Canada Goose 
nests, the majority of which (16 nests) occurred in 
the Alpine West ground-search area (Figures 10 
and 21 ). 

The most abundant species of goose observed 
during the brood-rearing and fall-staging aerial 
surveys in the NPRA Study Area was the Greater 
White-fronted Goose (Figures 22 and 23). Greater 
White-fronted Geese were the only species 
observed during aerial surveys in 2001, but small 
numbers of Canada Geese also were observed 
during 2002 sweys .  The low numbers of Canada 
Geese (19 during the brood-rearing survey and 9 
during the staging survey) and absence of Brant on 
these later surveys are consistent with the tendency 
of these 2 species to move to coastal areas during 
July and August. 

During the brood-rearing aerial survey in 
2002. 910 Greater White-fronted Geese were 
observed in 31 groups (29.4 geeselgroup, range = 

2-82) (Table 26, Figure 22). Juvenile geese 
comprised only 12% (110 young) of the total. 
Densities of White-fronted Geese were the same in 
both 2001 and 2002: (0.8 geese/km2 and 
0.1 y ounglkm'). In both years, brood-rearing 
groups were observed primarily in lakes and ponds 
associated with the creeks in the study area. 

During the fall-staging survey in 2002, 1104 
Greater White-fronted Geese were observed in 37 
groups (mean = 29.8 geeselgroup, range = 2-250) 
(Table 26, Figure 23). Densities were the same in 
both 2001 and 2002 (1.0 geese/km2). Fall-staging 
geese were more widely distributed throughout the 
study area compared to brood-rearing and molting 
groups. 

Habitat Use 
Both Brant and Canada Geese nested most 

commonly on islands in waterbodies (Table 27). 
Over 90% of Brant nests and 68% of Canada 
Goose nests were located in three habitats: 
Shallow Open Water with Islands or Polygonized 
Margins, ~ ~ u a t i c  Sedge with Deep Polygons, and 
Deep Open Water with Islands or Polygonized 
Margins. In addition, Brant also nested in 
Patterned Wet Meadow (8% of nests), in 
association with waterbodies. Aquatic Sedge with 
Deep Polygons was a preferred nesting habitat in 
the Colville River Delta (Johnson et al. 2003b), but 
in the NPRA this habitat represented <0.1% of the 
total mapped area. Another preferred nesting 
habitat for Brant on the Colville River Delta was 
Salt-killed Tundra, which did not occur in the 
NPRA Brant survey area. Additional habitats used 
by nesting Canada Geese included Old Basin 
Wetland Complex, and Patterned Wet Meadow. 
Most Brant and Canada Goose nests were situated 
less than 1 m from the edge of a waterbody. 

During brood-rearing, both White-fronted and 
Canada geese occurred in or near lakes, rivers, 
streams, and marshes (Table 28, Figure 22). More 
than 76% of all Greater White-fronted Goose 
sightings and 100% of the Canada Goose sightings 
were in aquatic habitats, usually near creek or river 
drainages. The terrestrial habitats in which Greater 
White-fronted Geese were observed in both years 
were those associated with lakes or the streams in 
the study area. It should be noted that the high use 
of lakes by geese that was observed during the 
aerial surveys was possibly an escape response to 
the survey itself. and may not represent use of 
foraging habitat. 

During fall-staging, the distribution of Greater 
White-fronted and Canada geese shifted somewhat 
from that observed during brood-rearing. While 
aquatic habitats were still important, comprising 
58% of all sightings of Greater White-fronted 
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Geese, many of the lakes used were outside of river ponds, or on low-lying marshy tundra near shore 
and stream drainages (Table 29, Figure 23). (Day etal. 2001). 
Another difference between the two seasons in 
2002 was a shift in distribution of fall-staging 
groups of Greater White-fronted Geese toward the 
southwest portion of the study area (outside of the 
habitat-mapped area). During brood-rearing in 
2002, only 16% of all groups occurred outside of 
the mapped area, whereas during fall-staging, 
>50% of all groups occurred outside this area. The 
only group of Canada Geese observed during 
fall-staging occurred in Patterned Wet Meadow 
near the northern reach of the Tigmiaqsiugvik 
River. 

GULL SURVEYS 

Background 
The Glaucous Gull is a common migrant and 

breeder in the Beaufort Sea area (Johnson and 
Herter 1989). Glaucous Gulls arrive in mid-May 
and are commonly found near offshore leads and 
along island and mainland shorelines (Richardson 
and Johnson 1981). Pairs nest either solitarily or 
colonially on islands and cliffs on or near the coast 
(Larson 1960), on inland river bars (Sage 1974), or 
on tundra lakeshores or small islands in lakes 
(Martin and Moitoret 1981). Egg-laying begins by 
mid-June and continues into the last week of June 
(Johnson and Herter 1989). Hatching begins in 
mid-July and fledging occurs in late August to 
early September (Bergman et al. 1977). During the 
breeding season, Glaucous Gulls prey heavily on 
the eggs and chicks of other birds, especially those 
of waterfowl (Johnson and Herter 1989). Glaucous 
Gulls also feed on human food waste and area 
attracted to landfills (Murphy and Anderson 1993, 
Campbell 1975), which may artificially increase 
their numbers (Day 1998). 

The Sabine's Gull is an uncommon migrant 
and breeder in the Beaufort Sea area (Johnson and 
Herter 1989). On the Arctic Coastal Plain, 
Sabiie's Gulls arrive on their nesting grounds 
during the first week of June (Bergman et al. 1977, 
Rothe et al. 1983, North et al. 1984). Egg-laying 
begins in midJune and continues until early July 
(Day et al. 2001. ABR, unpubl. data). Sabine's 
Gulls nest solitarily or in small colonies on the 
mossy edges of small ponds, on islands within 

Distribution and Abundance 
In 2002, 89 Glaucous Gull nests were counted 

in the NPRA Study Area; 86 nests were found 
during aerial surveys and an additional 3 were 
found during ground searches (Table 30, Figure 
24). Of the 89 nests found, 10 nests were in 2 
small colonies-one colony in the Alpine West 
ground-search area had 4 nests (Table 5, Figure 10) 
and another south of the Lookout Well had 6 nests 
(Figure 24). The colony south of the Lookout Well 
was discovered during ground searches in 2001 
and 4 nests were found in that year. Most other 
nest locations consisted of sinple nesting   airs. - -. 

Glaucous Gull nests were distributed 
throughout the NPRA Study Area in both 2001 and 
2002 (Figure 24). Based on counts from aerial and 
ground surveys, nest density for Glaucous Gulls 
was 0.08 uestsikmz in 2002 in the NPRA Study 
Area (1 100 km2; Table 30). On similar aerial and 
ground surveys conducted on the Colville River 
Delta in 2002, nest density for Glaucous Gulls was 
0.09 nests/km2 (ABR. unpubl. data). Nest density 
in the 2001 NPRA Study Area (615 km2) was 0.05 
nests/kmz, but nests were recorded only during the 
nesting survey for Yellow-billed Loons which 
focused on larger lakes and, therefore, the survey 
was not comprehensive for Glaucous Gulls 
(Burgess et al. 2002). All Glaucous Gull nest 
locations found in 2001 were checked in 2002 and 
77% (23 of 30 nests) were occupied. 

Nests of Glaucous Gulls were not revisited. 
On lakes that were included in the aerial loon 
survey. however, 2 Glaucous Gull broods were 
seen near a known nest locations (Figure 24). 
During ground searches in Alpine West, 2 broods 
were found in July, one with 1 young and the other 
with 2 young. 

During the 2002 nesting s w e y  for 
Yellow-billed Loons, 45 Sabine's Gull nests were 
found in the NPRA Study Area, either as single 
nests or in colonies (Table 30). Forty-three of the 
45 Sabine's Gull nests in the study area were 
located in 5 nesting colonies (Figure 24). The 
number of nests in each colony, estimated by the 
number of adults present, ranged from 3-15. Two 
colonies, with 8 and 9 nests in 2002, also were 
present in 2001 with 5 nests each. An additional 
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Table 26. Number and density of brood-rearing and fall-staging geese during aerial surveys of the 
NPRA Study Area, Alaska, 2001-2002. 

Greater White-Fronted Goose Canada Goose 

SEASON Density" Density 
Year Total Buds ( n o w )  Total Birds ( n o w )  

BROOD-REARING 
2001 508 0.8 
2002 910 0.8 19 0.02 

FALL-STAGING 
2001 620 0.1 
2002 1.104 0.1 9 0.01 

" Density based on a survey area of 615 km2in 2001 and 1,100 !an2 in 2002 

Table 27. Habitat use by nesting Brant and Canada Geese in the NF'RA Study Area, Alaska, 
2001-2002. 

Brant Canada Gwse 

No. of Use No. of Use 
Habitat Nests (%) Nests (%) 

Deep Open Water with Islands or Polygonized Margins 4 16.7 1 4.0 
Shallow Open Water with Islands or Polygonized Margins 8 33.3 15 60.0 
Aquatic Sedge with Deep Polygons 10 41.2 1 4.0 
Old Basin Wetland Complex 6 24.0 
Patterned Wet Meadow 2 8.3 2 8.0 

TOTAL 24 100 25 100 

colony 01 4 nests was located m LUUl 41 km norm 
of the NPRA Study Area boundary (Figure 24). 
All Sabine's Gull colonies and nests were located 
in the westem part of the study area. Sabine's 
Gulls are difficult to survey from the air and 
colonies are more obvious than single nesting 
pairs. Because our sightings are opportunistic and 
not comprehensive for Sabine's Gulls, densities 
and habitat use were not calculated. 

Habitat Use 
Habitat information is available for 104 

Glaucous Gull nests in the NF'RA Study Area in 
2001 and 2002 (Table 31). Glaucous Gulls were 

found nestmg m 8 of LI available habitats. Most 
nests were located on islands in Shallow Open 
Water with Islands or Polygonized Margins (63 
nests, 61%) and Deep Open Water with Islands or 
Polygonized Margins (18 nests, 17%). The 
remaining nests were found on islands or complex 
shorelines of 6 other habitats: Shallow Open Water 
without Islands (5 nests, 5%), Aquatic Grass Marsh 
(1 nest, I%), Aquatic Sedge Marsh (3 nests, 3%), 
Old Basin Wetland Complex (7 nests, 7%), 
Nonpattemed Wet Meadow (2 nests, 2%), and 
Patterned Wet Meadow (5 nests, 5%). 
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Table 28. Habitat use by brood-rearing and molting groups of Greater White-fronted and Canada geese 
in the NPRA Study Area, Alaska, 2001-2002. 

Greater White- 
fronted Goose Canada Goose 

No. of No. of 
Habitat Groups Use (%) Groups Use(%) 

Deep Open Water without Islands 9 20.9 1 100 
Deep Open Water with Islands or Polygonized Margins 16 37.2 
Shallow Open Water without Islands 2 4.7 
Shallow Open Water with Islands or Polygonized Margins i 2.3 

River or Stream 3 7.0 
Aquatic Grass Marsh 2 4.7 
Riverine Complex 1 2.3 
Dune Complex I 2.3 
Nonpattemed Wet Meadow 1 2.3 
Patterned Wet Meadow 2 4.7 

Moist Sedge-Shrub Meadow 2 4.7 
Riverine Low and Tall Shrub 3 7.0 

TOTAL 43" 100 1 100 

5 groups in 2002 occurred outside of the area mapped for habitats. 

Table 29. Habitat use by fall-staging groups of Greater White-fronted and Canada geese in the NPRA 
Study Area, Alaska, 2001-2002. 

Greater White- 
fronted Goose Canada Goose 

No. of No. of 
Hahitat Grouus Use (%) Grouos Use (Yo) 

Deep Open Water without lslands 
Deep Open Water with Islands or Polygonized Marsins 
Shallow Open Water without Islands 
Shallow Open Water with Islands or Polygonized Margins 
River or Stream 
Old Basin Wetland Complex 
Nonpanerned Wet Meadow 
Patterned Wet Meadow 
Moist Sedge-Shrub Meadow 
Moist Tussock Tundra 
Riverine Low and Tall Shrub 

TOTAL 

19 groups in 2002 occurred outside of the area mapped for habitats. 
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CARIBOU SURVEYS 

Background 
Caribou are the most important terrestrial 

species used for subsistence by local residents on 
the North Slope (Brower and Opie 1997, Fuller and 
George 1997, BLM 1998). The NPRA Study Area 
is within the annual hunting range of residents of 
Nuiqsut (Pedersen 1995, Prichard et al. 2001), the 
nearest community, and the continued availability 
of caribou for local subsistence harvest is a 
prominent issue in plalining for oil and gas 
development (Lawhead et al. 2001). 

The NPRA Study Area is used by caribou 
from 2 adjacent herds: the Teshekpuk Herd (TH) 
and the Central Arctic Herd (CAH) (BLM 1998). 
The 2 herds are similar in size, although the TH has 
been growing at a faster rate in recent years. The 
latest Alaska Department of Fish and Game 
(ADFG) photocensuses in July 2002 counted 
45,000 caribou in the TH (P. Valkenburg, pers. 
comm.) and 31,857 caribou in the CAH (E. Lenart, 
pers. comm.). The degree of use of the study area 
by each herd varies according to the season and 
year, but the available data demonstrate more 
consistent use of the northeastern NPRA area by 
TH caribou than by the CAH. The TH calves and 
summers in a core area surroundmg Teshekpuk 
Lake in the NPRA, about 50 km northwest of our 
study area, and disperses across the coastal plain in 
winter, traveling south of the Brooks Range in 
some years (Silva 1985, Carroll 1995, Philo et al. 
1993, Prichard et al. 2001). 

The NPRA Study Area is withiin the 
year-round range of the TH on the coastal plain 
(BLM 1998). Previous caribou studies in the 
NPRA have focused on the Teshekpuk Lake area to 
the west, the heart of the annual range of the TH 
(BLM 1998, Prichard et al. 2001) and relatively 
little data has been collected in our NPRA Study 
Area. Specific information reported recently for 
the study area comes from satellite trackmg of a 
few collared caribou (Philo et al. 1993, Prichard et 
al. ZOO]), aerial transect surveys that covered the 
northern portion of the area in 1999, 2000, and 
2001 (Noel 2000; Noel et al. 2001; L. Noel, pers. 
comm.), and anecdotal reports from the tracking of 
animals fitted with standard VHF radio-collars 
(G Carroll, pers. comm.; E. Lenart, pers. comm.). 

Caribou of the CAH also use the study area, 
but less frequently than do TH caribou. Telemetry 
studies since the 1970s (e.g., Lawhead and 
Curatolo 1984, Cameron et al. 1995) found little 
use of the area west of the Colville River by CAH 
caribou during the calving and insect seasons, the 
periods of greatest use of the coastal plain by that 
herd. In June 2001, however, several 
radio-collared females of the CAH were found in 
the northeastern part of the NPRA, providing the 
first record of CAH cows there during the calving 
season in >20 years of radio-tracking (E. Lenart, 
ADFG pers. comm.). An unprecedented large 
movement of CAH caribou occurred in July 2001 
during a period of warm temperatures and 
persistent westerly winds, when >6000 CAH 
animals moved westward across the Colville River 
Delta and into NPRA. 

On the central North Slope, caribou 
movements during midsummer are influenced 
predominantly by harassment by mosquitoes 
(Aedes spp.) and oestrid flies (Hypoderma tarandi 
and Cephenemyia trompe) (White et al. 1975, Roby 
1978, Lawhead and Curatolo 1984). Mosquito 
activity is lowest at the Beaufort Sea coast due to 
low ambient air temperature and elevated wind 
speeds there (White et al. 1975, Dau 1986), so 
caribou in this region normally move northward to 
the coast to escape mosquito harassment. 
Mosquito-harassed caribou move coastward and 
upwind as far as necessary to reach insect-free 
habitat (Lawhead and Curatolo 1984, Dau 1986). 

Harassment 05 caribou by oestrid flies 
typically lasts from mid-July into August on the 
North Slope (Dau 1986). Fly-harassed caribou use 
unvegetated and elevated sites, such as pingos, 
mud flats, and river bars, as relief habitat. By 
August, insect harassment abates and coastal 
habitats become less important as caribou begin to 
disperse southward (Lawhead and Curatolo 1984, 
Prichard et al. 2001). This inland dispersal 
continues through fall migration in September and 
into the breeding season (rut) in October. 

The majority of the CAH migrates south off 
the coastal plain to winter in the foothills and 
mountains of the Brooks Range (Cameron and 
Whitten 1979. Carmthers et al. 1987), whereas TH 
caribou winter on the coastal plain in most years 
(Prichard et al. 2001). The location and extent of 
winter range use on the coastal plain appears to be 
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Table 30. Number and density (nestsikmz) of Glaucous Gull and Sabine's Gull nests located during 
aerial surveys and in ground-search areas of the NPRA Study Area, Alaska, 2001-2002. 

Nest 
Number of Nests by Survey Densitp 

Ground- 
SPECIES Aerial search Total Aerial 

Year surveyb Areas' Nests Survev 

GLAUCOUS GULL 
2001 22 8 30 0.05 
2002 86 3 89 0.08 

SABINE'S GULL 
ZOO1 10 3 13 - 

2002 42 3 45 - 

Density based on sun ey arca of 61 5 km: in 2001 and 1.100 km' in 2002. 
lo 2002. data uerr collected d u ~ e ,  aerial ncsline rune!s tor Yellow-billed loons. Tundra 
Swans, andBrant. In 2001. data were co~ectediurin~ ihe aerial nesting swvey for Yellow- 
billed Loons. ' In 2002, data were collected in large waterbird ground-search areas and lake drawdown study 
areas. In 2001, data were collected in large waterbird and Red-throated Loon ground-search 
areas. 

a fundamental difference between the CAH and the area by calving females in 2002, although the 
TH. number of other caribou ~resent  was the hiehest 

Distribution and Abundance 
Moderate numbers of caribou were distributed 

throughout the survey area on the 2 pre-calving 
surveys in May 2002. On 3 May, 190 caribou in 61 
groups were seen on transects and, on 25-26 May, 
21 5 caribou were observed in 65 groups (Table 32, 
Figure 25), yielding estimates of 380 and 430 
caribou over the entire study area, respectively 
(density = 0.29 and 0.33 caribouikm2). No calves 
were seen in May 2002. These numbers were 
lower than in 2001, when 319 caribou (no calves) 
were observed in 55 groups (estimate -640 
caribou) in a smaller area on 20 May. 

The NPRA Study Area was not an important 
calving area in 2001 or 2002. Results of other 
studies (BLM 1998; Philo et al. 1993; Noel 2000; 
Noel et al. 2001; Prichard et al. 2001; L. Noel, 
pers. comm.; G Carroll, pers. comm.) show that it 
is located at the southeastern periphery of the TH 
calving grounds and is very rarely used for calving 
by CAH animals. The 2 calving surveys on 8 and 
18 June (Figure 26) revealed little use of the study 

- 
seen until the peak in late October (Table 32). A 
total of 430 total caribou, including only 8 calves, 
were recorded during the fust survey and 540 total 
caribou, including only 4 calves, were recorded 
during the second survey, for estimates of 860 and 
1080 caribou. respectively, in the survey area. 
These results were consistent with our sex- and 
age-composition s w e y  on 15 June 2001 
(Appendix H), which found a very low proportion 
of calves (-7 calves: 100 cows) but a high 
proportion of yearlings (-72 yearlings: 100 cows). 

Few caribou were seen in the caribou survey 
area during the 3 surveys conducted in the insect 
season from late June through late July (Figures 26 
and 27, Table 32). The study area is located inland 
from the coastal relief habitats likely to be used by 
mosquito-harassed caribou in late June and early 
July, so caribou numbers generally are low there 
during warm, calm weather conditions that favor 
insect harassment. For instance, a total of only 26 
caribou in 11 groups were observed on transects 
during the 3 surveys on 27 June, 18 July (none 
seen), and 26 July (Table 32). Insect harassment 
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Table 31. Habitat use by nesting Glaucous Gulls in the NPRA Study Area, Alaska, 2001-2002. 

Number of Habitat Use 
Habitat Nests (%) 

Deep Open Water with lslands or Polygonized Margins IS  17.3 
Shallow Open Water without islands 5 4.8 
Shallow Open Water with Islands or Polygonized Margins 63 60.6 
Aquatic Sedge Marsh 3 2.9 
Aquatic Grass Marsh 1 1.0 
Old Basin Wetland Complex 7 6.7 
Nonpattemed Wet Meadow 2 1.9 
Panemed Wet Meadow 5 4.8 

TOTAL 104 100 

was mild on 27 June, moderate on 18 July, and 
absent on 26 July (Lawhead and Prichard 2003). 
Moderate mosquito harassment on 26 June had 
caused caribou to move to the coast just prior to the 
27 June survey. Similarly, moderate-to-severe 
mosquito harassment daily beginning 14 July 
(through 19 July) apparently caused all caribou to 
move out of the survey area, probably to the coast, 
by the time of our 18 July survey. The survey on 
26 July was preceded by several days of low 
mosquito harassment due to high winds or cool 
temperatures, but oestrid flies appeared to be 
active. It is likely that caribou moved inland into 
the study area when insect harassment subsided 
during cool, windy periods. For instance, at least 
250 caribou were dispersed across the 
northwestern comer of the survey area during fox 
den observations on the evening of 12 July 2002. 

In 2001. the numbers of caribou in the study 
area were relatively high prior to insect 
harassment, fairly high in July, and low in August 
(Figure 31, Appendix H). In addition, a large 
number CAH caribou (>6,000) traveled west 
across the Colville River and into NPRA along 
Uvlutuuq in the third week of July 2001 (Lawhead 
and Prichard 2002). Large fluctuations in the 
number of caribou using the study area during the 
insect season are consistent with the large 
aggregations and rapid movements of caribou that 
occur in response to changing levels of insect 
harassment. 

The number of caribou seen in the study area 
increased from July to August 2002 (Figure 28, 
Table 32); 270 and 206 caribou were observed (540 
and 412 estimated) on 3 and 14 August, 
respectively. During the period of potential oestrid 
fly harassment (late July to early September), 
caribou were strongly associated with stream 
courses, with many caribou standing on sand bars 
(Figures 27-29). Numbers were generally low 
from late August through early October, except for 
the 251 caribou seen (-500 estimated) on the early 
September survey. Only 29 caribou were observed 
in 11 groups on 6 October but the 2002 survey 
counts peaked on 25 October when 1001 caribou 
were observed in 130 groups (-2000 estimated) in 
the survey area (Figure 30, Table 32). The late 
October density of 1.53 caribou/km2 was the 
highest density recorded in 2002 and was higher 
than all but one survey in 2001 (Figure 31). The 
number of caribou in the area was also high in mid- 
to late October 2001 (Appendix H). In contrast, 
the limited data from satellite collars of the TCH 
showed little use of the area during October from 
1990-2001 (Prichard et al. 2001, Prichard and 
Murphy 2002). Based on satellite telemeby data, 
most TH caribou were south or southeast of 
Teshekpuk Lake in October 2002 during the rut (G 
Carroll, ADFG pers. comm.). 

Subsistence hunting opportunities of caribou 
by local residents appeared to be more limited 
during most of the usual late summer and fall 
harvest period in 2002 than in 2001 due to the 
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Table 32. Number and density of caribou observed during 14 systematic aerial strip-transect surveys 
(50% coverage of 1,3 10-km2 survey area), NPRA Shldy Area, Alaska, May-October 2002. 

No. of Large Density Mean Group 
Date Caribou a No. of Calves Total No. (caribou/km2) Size 

3 May 
25-26 May 
8 June 
18 June 
27 June 
18 July 
26 July 
3 August 
14 August 
26 August 
9 September 
24 September 
6 October 
25 October 

TOTAL 3.128 144 3.272 0.38 4.7 

' Adults + yearlings 

lower abundance of caribou. No large movements 
of caribou onto the Colville River Delta were 
observed in 2002 (Lawhead and Prichard 2003). 
Many of the caribou seen in the NPRA study area 
during July-October were accessible in the 
drainages of Uvlutuuq and Iqalliqpik, requiring 
fairly long boat trips from Nuiqsut. Some caribou 
were harvested by Nuiqsut hunters along the 
Colville River in the fall (M. Ahmakak, pers. 
comm.). 

FOX SURVEYS 

avoid sites that have been used by red foxes. For 
both arctic and red foxes, lemmings and voles are 
the most important year-round prey, supplemented 
by carcasses of caribou and marine mammals and, 
in summer, by ground squirrels and nesting birds 
and their eggs; garbage is eaten when available 
(Chesemore 1968, Eberhardt 1977, Garrott et al. 
1983b). 

Arctic Fox 
Found throughout the coastal tundra of 

northern and western Alaska, the arctic fox is the 
- .  most common ~ r e d a t 0 ~  mammal on the Arctic 
Background Coastal Plain. The arctic fox is an important 

and red foxes Occur in predator of nesting birds and small mammals, is a 
Alaska on the Arctic Coastal Plain. Arctic foxes ,,,.,.ier ofrabies, is readily amacted to areas of 
are common on the coastal plain. Red foxes are human activity and artificial food 

in the and mountains of the (Eberhardt et al. 1982). Po~ulation estimates are 
Brooks Range, but on the coastal plain are found to derive for iis species, but the 
primarily along major rivers (such as the Colville population is known to undergo cycles in response 
and Sagavanirktok rivers), where they are much to fluctuating populations of prey species 
less common than the arctic fox (Eberhardt 1977). (Follmann and F~~ 1981, B~~~~~ 2000). A 
Arctic and red foxes iiave similar denning prominent issue for oil and gas development in 
requirements and sometimes use the same den sites areas is the well-documented amaction of 
in different years, arctic foxes appear foxes to artificial food sources, especially at areas 
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Figure 27. Distribution and group size of caribou observed during aerial surveys, NPRA Study Area, Alaska, July 2002. 
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of human activity, which creates the potential for 
fox population increases and associated negative 
effects on prey populations (Martin 1997, Day 
1998, Burgess 2000). 

In the winter, many foxes disperse widely 
from their summer territories (Chesemore 1975, 
Eberhardt and Hanson 1978), although recent 
satellite telemetry has demonstrated that some 
remain in the oilfield region throughout the winter 
(P. D. Martin, USFWS, pers. comm.). In late 
winter and spring, foxes move to summer 
territories to mate (March-April) and den. 

Most pups are born in late May or June after a 
gestation period of -52 days. and dens are 
occupied from late spring until pups disperse in 
August (Chesemore 1975). Pups fust emerge from 
dens at 3 4  weeks of age (Garrott et al. 1984). 
Throughout northern Alaska, litters average &8 
pups, but can range up to 15 pups in years when 
food is abundant (Chesemore 1975, Follmann and 
Fay 1981. Johnson et al. 1997). On the Colville 
River Delta and adjacent coastal plain toward the 
Kuparuk Oilfield, litters averaged 3-6 pups during 
1993-2001 (Johnson et al. 2003a). Survival of 
arctic fox pups to weaning is highest in years when 
small mammals (primarily lemmings) are abundant 
(Macpherson 1969). Causes of pup mortality 
include predation (mostly by Golden Eagles and 
grizzly bears), starvation, and sibling aggression 
(Macpherson 1969, Garrott and Eberhardt 1982, 
Burgess et al. 1993). 

Home ranges of adult arctic foxes in the 
Pmdh0e Bay Oilfield averaged 21 km2 (8 mi3 
(Eberhardt et al. 1982). but probably are larger 
outside the oilfields (away from artificial food 
sources). The density and occupancy rate of dens 
and the litter size and survival of pups is higher in 
oilfield areas than in undeveloped areas nearby 
(Burgess 2000). More den sites are available each 
year than are used (Macpherson 1969, Burgess 
2000) and the rate of den occupancy is highest 
when food is abundant (Chesemore 1975, 
Eberhardt et al. 1983, Johnson et al. 2001). Foxes 
may return to the same den site in successive years. 

Surveys conducted since 1992 have located 75 
fox dens in the area east of the NPRA Study Area, 
extending from the western Colville River Delta 
east to the Kuparuk Oilfield (Johnson et al. 2003a). 
Foxes dig dens in raised landforms with relatively 
well-drained soil and greater depth to frozen 

ground, such as ridges, dunes, lake and stream 
shorelines, and pingos (Chesemore 1969, 
Eberhardt et al. 1983, Burgess et al. 1993, Johnson 
et al. 2003a). The habitats preferred by foxes for 
denning on the Colville River Delta and adjacent 
coastal plain are the Riverine or Upland Shrub and 
the Moist Sedge-Shmb Meadow types (Johnson et 
al. 2002; ABR, unpubl. data). Most dens are 
located on microsites with higher topographic 
relief than their immediate surroundimgs. 
Red For - - - -. . -. . 

The red fox is much less abundant than the 
arctic fox on the Arctic Coastal Plain, where its 
distribution is restricted largely to major drainages 
such as the Colville and Sagavanirktok rivers 
(Eberhardt 1977, Johnson et al. 2003a). Four to 6 
red fox dens have been used annually on the 
Colville River Delta in recent years (Johnson et al. 
2003a); all were located in sand dunes in the 
R i v e ~ e  or Upland Shmb habitat type. 

Red foxes are aggressive toward arctic foxes 
and will displace them from feeding areas and den 
sites (Scharnel and Tracy 1986. Hersteinsson and 
Macdonald 1992). Since 1992, red foxes have 
occupied at Least 4 den sites formerly used by arctic 
foxes on the Colville River Delta and adjacent 
coastal plain tundra (Johnson et al. 2003a). Red 
foxes have been seen using culverts in the 
northwestern Kuparuk Oilfield (A. Stickney, pers. 
comm.), so use of development infrastructure in 
NPRA by this species is a possibility. 

Distribution and Abundance 
In 2001. the fust year of fox s w e y s  in the 

NPRA Study Area, we located 24 dens (4 of which 
were reported by avian nest search crews), 
including both active and inactive sites (Appendix 
H). Eleven more dens were found in 2002, 
includmg 8 found by avian nest search crews, for a 
2-year total of 35 dens (Figure 32). Arctic foxes 
were much more abundant than red foxes. All but 
one of the 35 sites were arctic fox dens (97% of the 
total); the sole exception was an inactive red fox 
den on a sand dune bordering Uvlutuuq (Table 33). 
In comparison, 65 (87%) of 75 fox dens examined 
in 2001 between the western edge of the Colville 
River Delta and the Kuparuk Oilfield were 
classified as arctic fox dens and the remaining 10 
dens (13%) were classified as red fox dens; 4 of the 
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Figure 31. Caribou density (mean numberikm2 * SE) observed during aerial surveys in the NPRA Study 
Area, Alaska, May-October 2001 and 2002. 

latter sites were former arctic fox dens (Johnson et 
al. 2003a). 

To date, we have confined our search effort to 
the 2001 NPRA Study Area. a small portion of 
which (<lo%) remains to be searched for dens, 
consisting of the extensive complex of riparian 
habitats along Uvlutuuq and Iqalliqpik, containing 
abundant sand-dune habitat. Because this habitat 
is preferred by red foxes for denning on the 
Colville River Delta, we expect to fmd more red 
fox dens in future years. The small areas of tundra 
remaining to be searched (in the northeastern 
portion of the study area) are more likely to contain 
arctic fox dens. 

The presence of 34 arctic fox dens in our 
681-!anz den survey area produces an unadjusted 
density (i.e., including the small areas not yet 
searched thoroughly) of 1 ded2O !anz. This 
density is higher than the 1 ded37 km2 in the 
Colville River Delta survey area (551 km') but 
comparable to the 1 denil7 km2 in the Alpine 

Transportation Corridor survey area (343 !un2) 
studied by Johnson et al. (2003a) east of NPRA. 
At 34 and 35 dens, respectively, the total number 
found to date is essentially identical between our 
NPRA Study Area and the areas to the east studied 
by Johnson et al. (2002). The density of arctic fox 
dens in NPRA is higher than the 1 ded34 !un2 
reported by Eberhardt et al. (1983) for their 
1700-!anZ Colville study area, which included parts 
of our NPRA Study Area and the adjacent Colville 
DeltaiAlpine Transportation Corridor study areas 
of Johnson et al. (2003a). The density of arctic fox 
dens in NPRA is lower than was reported for the 
805-!an' developed area of the Prudhoe Bay 
Oilfield (1 ded12-15 km2; Eberhardt et al. 1983, 
Burgess et al. 1993. Rodrigues et al. 1994, Ballard 
et al. 2000). 

A density was not calculated from the single 
red fox den found during surveys of the NPRA 
Study Area. The density of red fox dens in the 
Colville River Delta survey area in 2001 (Johnson 
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et al. 2003a) was 1 ded6l km2 (treating 2 adjacent 
dens used by one breeding pair of foxes as a single 
site). Comparative data on den density are 
unavailable for this species from other arctic tundra 
areas, but it appears that the density of red fox dens 
on the Colville River Delta is particularly high for 
the Arctic Coastal Plain. Although we expect to 
fmd more red fox dens in the NPRA Study Area, 
we do not expect the density to reach that on the 
Colville River Delta. 

Based on brief visits at all 34 arctic fox dens 
during 30 June-2 July and 9 July 2002 and longer 
observations at 11 of those dens during 10-12 July, 
we concluded that pups were present at 1 natal den 
and classified another 8 dens as active (Table 33). 
Adults but no pups were seen at 8 of the 9 occupied 
dens; 2 adults were seen together at 2 of these dens. 
Thus, the maximum number of active dens (known 
or suspected to be occupied at some point by pups) 
was estimated to be 26% of the 34 arctic fox dens; 
the remaining 25 dens (74%) showed signs of 
occasional use by adults only or were completely 
inactive. In view of the number of dens at which 
only adults were seen (24%), it is likely that the 
occupancy rate in 2002 actually was lower than 
26%. It is likely that the widespread rabies 
outbreak in arctic coastal Alaska in the winter of 
2001-02 reduced the breeding population of foxes, 
and it is conceivable that this disease outbreak 
resulted in single adults occupying dens. A similar 
occurrence of adults being observed repeatedly at 
dens without pups occurred in 1997 on the Colville 
River Delta and Alpine Transportation Corridor. 
but was interpreted as an indicator of low rodent 
populations that may have decreased pup survival 
(Johnson et al. 1998). 

The occupancy rate (natal and active 
categories combined) of dens in the NPRA Study 
Area in 2002 was below the 8-year mean and at the 
low end of the range reported for the area between 
the western Colville River Delta and the 
Kuparuk Oilfield (mean = 38%; SD = 15%; 
range=24-67%) (Johnson et al. 2001). In 
comparison, Eberhardt et al. (1983) reported that 
the percentage of dens c o n t a h g  pups in their 
Colville study area ranged from 6% to 55% in a 
5-year period, whereas 56-67% showed signs of 
activity by adults alone. Burgess et al. (1993) 
estimated that 45-58% of the dens in their study 
area in the Pmdhoe Bay Oilfield produced litters in 

1992, although only 21% still were occupied by 
families at the time of ground visits in late 
July-early August. In 1993, the occupancy rate by 
arctic foxes at 53 natural den sites (including adult 
resting dens) in the Pmdhoe Bay Oilfield and 
surrounding area was 71%. and 49% of the sites 
were classified as natal dens (Ballard et al. 2000). 

On 10-12 July 2002, we expended -40hr 
observing 11 arctic fox dens that were known or 
suspected to be active on the initial check at the 
beginning of July (Table 33); the red fox den was 
inactive in 2002, as in 2001. Despite our 
observation effort (which exceeded the 23 hr 
expended at 8 sites in 2001), the only den at which 
pups were c o n f i e d  in 2002 was Den 223. 
Evidence at that den included the remains of at 
least 1 pup with characteristic signs of Golden 
Eagle predation. In 2001,9 pups were counted at 3 
arctic fox dens, for a mean litter size of 3 pups 
(SD = 1.7, n = 3), and pups were strongly 
suspected to be present at 2 other dens. The 2001 
liner size matched the mean for years when rodent 
prey are not numerous (see below). 

Estimates of pup production are minimal 
figures because pups often remain underground for 
extended periods, making it difficult to reliably 
obtain complete counts. In general, our 
observations at dens were most successful in 
obtaining pup counts during early moming and 
evening, when foxes tend to be most active. 
Counts are most reliable when adults deliver food 
to the den site (Eberhardt 1977. Fine 1980). 
Estimates of pup. production also can be 
confounded by the use of secondary dens, which 
may result in splitting of litters among several dens 
by one family (Garrott 1980, Eberhardt et al. 
1983). Garrott (1980) noted that movements of 
arctic foxes from natal dens to secondary dens 
typically occurred after early to mid-July when the 
young were 5-7 weeks old, and that interchange of 
young between dens occurred after the initial 
move. We found no indications of moves in 2002, 
but it is possible that some dens were abandoned 
after our initial checks. In 2001, we found no 
evidence of moves by arctic foxes either. although 
several sites where adults were present on our first 
check were deemed inactive when observed on 
subsequent visits. 

The variation in mean litter size documented 
for arctic foxes in the Colville River Delta region 
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Table 33. Landforms, activity status. and number of pups counted at arctic and red fox den sites in the  
NPRA Study Area, Alaska, 2001-2002. 

2002 2001 
S~ec ies  Site No. Landform ' 2002 Status Puo Count 2001 Status PUD Count 

Arctic Fox 200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
21 3 
214 
215 
216 
218 
219 
220 
22 1 
222 
223 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 

Red Fox 217 

DLB bank 
DLB bank 
Lake bank 
Low ridge 
Lake bank 
River bank 
Stream bank 
DLB bank 
Lake bank 

I.ow mound 
Ping0 

Lake bank 
Lake bank 
Lake bank 
DLB bank 
Lake bank 

Stream bank 
Low ridge 
DLB bank 
Low ridge 
Low ridge 
DLB bank 
Lake bank 
DLB bank 

Low mound 
Low mound 
DLB bank 
Lake bank 

Old beach ridge 
Stream bank 
Low ridge 
Lake bank 
Sand dune 

Stream terrace 
Sand dune 

Inactive 
Inactive 
Active 

Inactive 
Active 

Inactive 
Active 

Inactive 
Active 

Inactive 
Inactive 
Active 

Inactive 
Inactive 
Inactive 
Inactive 
Active 
Inactive 
Inactive 
Inactive 
Actite 
Inactive 
Natal 

lnactive 
Inactive 
Inactive 
lnactive 
Active 

Inactive 
Inactive 
lnactive 
lnactive 
Inactive 
Inactive 
Inactive 

- Inactive 
- Inactive 

0 Natal 
- Inactive 

0 Inactive 
- Inactive 

0 Inactive 
- Inactive 

0 Natal 
- Inactive 
- Inactive 

0 Inactive 
- Inactive 
- Inactive 
- Inactive 

0 Natal 
0 Inactive 
- Inactive 
- Inactive 
- Active 

0 Inactive 
- Active 

t l  (dead) Inactive 

Inactive 
~ - 

DLB = drained-lake basin. 
Zero indicates that den w s  observed but no pups were seen. 
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since 1993 (Johnson et al. 2003a) ranged from a 
low 3.2 pups in 1998 and 2001 (n = 6 and 11, 
respectively) to highs of 5.4 and 6.1 pups in the 
high-production years of 1999 and 1996 (n = 13 
and 15, respectively). These figures were nearly 
identical to those reported by Garrott (1980) for 
years of low and high pup production in his 
Colville study area. In 1978, when small mammals 
(the principal prey of arctic foxes) were abundant, 
Garrott (1980) closely observed 7 litters from a 
total of 23 active dens, which averaged 6.1 pups 
(range = 2-8). In contrast, he observed only one 
litter the year before (from 2 active dens), when 
small mammals were scarce, and was unable to 
obtain a complete litter count. The low occupancy 
rates and litter sizes at arctic fox dens in 2001 and 
2002 led us to infer that the density of small 
mammal prey in the NPRA Study Area was low, 
although we have no rodent population sampling 
data to support this inference directly. 

Habitat Use 
The habitat types used most often for deming 

by foxes in the den survey area (Figure 32) were 
the 2 most abundant types mapped: Moist Tussock 
Tundra and Moist Sedge-Shrub Meadow (11 dens 
each) (Table 34). Two other types-Patterned Wet 
Meadow and Upland and Riverine Dwarf 
Shrub-were used to a lesser extent (5 and 4 dens 
respectively), and single dens were located in each 
of 3 other habitat types (Table 34; 1 den occurred 
in the area not yet mapped). Foxes tend to den in 
bank habitats in the study area, including banks of 
lakes, streams, and drained-lake basins (Table 33). 

Because arctic and red foxes both have similar 
denning requirements and may use the same den 
sites in different vears. we included dens used by 
either species in the statistical analysis of habitat 
selection in the survey area (Table 34). The only 
habitat that was preferred for denning was Upland 
and Riverine Dwarf Shrub, which constituted only 
1.7% of the area mapped but included 1 I .8% of the 
fox dens. The 3 most abundant habitats in the area 
(Moist Tussock Tundra, Moist Sedge-Shrub 
Meadow, Patterned Wet Meadow) and the 2 least 
abundant used by foxes (Upland Low and Tall 
Shrub, Salt Marsh) all were used in proportion to 
their availability by denning foxes, whereas the 
fourth most abundant (Old Basin Wetland 
Complex) only had 1 den and was avoided. Dens 

in wet habitats such as Patterned Wet Meadow and 
Salt Marsh were located in small patches of higher 
microrelief that were smaller than the 
minimum-sized habitat map unit. 

The presence of permafrost in arctic tundra 
forces foxes to dig dens in locations that have 
relatively deep seasonal thaw layers. Foxes locate 
dens on raised landforms with well-drained soil; 
typical locations on the Arctic Coastal Plain 
include ridges, dunes, lake and stream shorelines, 
pingos, and low mounds (Chesemore 1969, 
Eberhardt et al. 1983, Burgess et al. 1993, Johnson 
et al. 2003a). In general. arctic foxes use a wider 
variety of denning habitats and substrates than do 
red foxes; on the Colville River Delta, the latter 
species dens almost exclusively in sand dunes. On 
the Colville River Delta and adjacent coastal plain 
to the east, foxes den in sand dunes (mostly those 
stabilized by vegetation), banks of streams and 
lakes (including banks of drained-lake basins), 
ridges, and pingos (Garrott 1980, Eberhardt et al. 
1983, Johnson et al. 2003a). Those landforms are 
usually vegetated with upland shrubs and less 
commonly with riverine shrubs. Pingos are used 
commonly as den sites in the Prudhoe Bay area 
(Burgess et al. 1993), but account for only a small 
percentage of the known sites in the Colville area 
(Eberhardt et al. 1983). Chesemore (1969) 
reported that low mounds were used most often for 
den sites in the Teshekpuk Lake area west of our 
NPRA Study Area. These observations all confirm 
that the primary requirement for denning habitat is 
well-drained soil with a texture conducive to 
burrowing, conditions that occur on elevated 
microsites within a variety of larger habitat types. 

OTHER MAMMALS 

Background 
Muskox 

Muskoxen are native to Alaska but were 
extirpated by the late 1800s (Smith 1989). 
Historical records (e.g., Bee and Hall 1956) 
indicate a high level of use of the NPRA Study 
Area by muskoxen before extirpation. Muskoxen 
that inhabit the Colville-Kuparuk region originated 
from the Arctic National Wildlife Refuge (ANWR) 
population, which was reestablished through 
introductions in 1969 and 1970. By the mid-1980s, 
muskox sign had been found in the western 
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Kuparuk Oilfield (P. Kleinleder, pers. comm.) and 
lone bulls were seen near the Colville River 
(Reynolds et al. 1986). Golden (1990) reported 
that a small, mixed-sex group of muskoxen first 
overwintered in the area southeast of Nuiqsut in 
1988-1989. A few muskoxen (mostly lone bulls) 
were seen on the Colville River Delta in summer 
during 1992-1993 and 1995-1998 (Johnson et al. 
1999), and a group of 10-11 adults (mostly bulls) 
used the northeastern portion of the delta 
consistently in 2001 (Lawhead and Prichard 2002). 

Most of the muskox population that resides in 
the Colville-Kuparuk region east of the study area 
appears to winter in the Itkillik Hills, then 
disperses seasonally into smaller groups during 
summer, some of which move northward along 
smaller drainages (notably the Kachemach River) 
to the vicinity of the Colville River Delta, while 
others move to the Kuparuk River floodplain 
(Johnson et al. 1998, Danks 2000, Lawbead and 
Prichard 2003). Lenart (2001) counted 277 
muskoxen between the Colville River and ANWR 
(Game Management Unit [GMU] 26B) in April 
2000, 53% of the total number of 523 animals 
observed in northeastern Alaska (GMU 26B and 
26C combined). Slightly fewer than half of the 
animals in GMU 26B were found west of the 
Sagavanirktok River (GMU 26B West), where 
late-winter surveys by ADFG counted 92 
muskoxen in 1997, 79 in 1998, 96 in 1999,90 in 
2000, and estimated 107 in 2001 (Lenart 2001). 
Thus. at least 100 muskoxen reside in the area 
between the Sagavanirktok and Colville rivers and 
occur consistently in winter across the ltkillik Hills 
and the upper Kuparuk River. Lawhead and 
Prichard (2002) estimated that at least 15 1 different 
muskoxen occurred in the general region stretching 
from the NPRA Study Area to the Sagavanirktok 
River in 2001, including animals as far east as 
Franklin Bluffs and as far west as the west side of 
the Colville River and NPRA. Muskox numbers in 
the northeastern portion of NPRA are not 
well-documented, but appear to be lower than in 
the area east of the Colville River. Suitable habitat 
exists in northeastern NPRA and it is expected that 
the population in the area will continue to increase 
(BLM 1998, Danks 2000). 

Muskoxen home ranges are smaller and 
activity and movement rates are much lower during 
winter than summer. Long-distance movements 

from winter to summer ranges are common in mid- 
to late June following river break-up and leafmg 
out of willows along drainages (Reynolds 1992b). 
Group size typically decreases from winter to 
summer as the breeding season (rut) approaches; 
most groups in ANWR ranged from 10 to 30 
animals (Reynolds et al. 1986, Reynolds 1992a). 
The breeding season occurs in August and 
September, and calves are born between late April 
and late June, peakmg around mid-May (Reynolds 
et al. 1986). Cows produce single calves at 
intervals of one to 3 years. Habitat use by 
muskoxen varies seasonally. In winter, muskoxen 
select upland habitats near ridges and bluffs with 
shallow, soft snow cover that permits easy access 
to food plants (Klein et al. 1993). In spring, 
muskoxen use moist tussock tundra and moist 
sedgeshrub tundra, apparently seeking 
high-quality flowering sedges (Jingfors 1980, 
Reynolds et al. 1986). By late spring and summer, 
muskoxen prefer river terraces, gravel bars, and 
shrub stands along rivers and tundra streams 
(Jingfors 1980, Robus 1981), where they eat 
willow leaves, forbs (especially legumes), and 
sedges (Robus 1984, O'Brien 1988). Thus, 
riparian shrub habitats and moist sedge-shrub 
meadows are the most important habitats for 
muskoxen. 

Grizzly Bear 
The grizzly bear (also called brown bear) is 

more likely to be encountered in the NPRA Study 
Area than is the polar bear (Bee and Hall 1956, 
BLM 1998); den records for the latter species 
(S. Schliebe, USFWS, unpubl. data) do not include 
any dens in the study area. Grizzly bears occur 
throughout northern Alaska from the Brooks 
Range to the Arctic Ocean. Population densities of 
grizzlies are considerably lower on the coastal 
plain than in the mountains and foothills (Shideler 
and Hechtel2000). The number of bears using the 
northeastern NF'RA is not well-documented, being 
codmed mainly to a few incidental sightings (e.g., 
Noel 1999,2000). The population to the east in the 
Prudhoe Bay and Kuparuk oilfields appears to have 
increased in the last 2 decades, however, and is 
likely to remain high because of the high survival 
of cubs born to females in the oilfields (Shideler 
and Hechtel 2000). ADFG biologists estimate that 
60-70 grizzlies inhabit the "oilfield region" 
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Table 34. Habitat selection bv arctic and red foxes denning in the NPRA Studv Area. Alaska. - 
2001-2002. 

Area a No. of Use Availahilitv ' Monte Carlo 
Habitat (kml) Dens (Yo) (%) Results 

Open Nearshore Water 
Brackish Water 
Tapped Lake with Low-water Connection 
Tapped Lake with High-water Connection 
Salt Marsh 
Tidal Flat 
Salt-killed TundraC 
Deep Open Water without Islands 
Deep Open Water with Islands or Polygonized Margins 
Shallow Open Water without Islands 
Shallow Open Water with Islands or Polygonized Margins 
River or Stream 
Aquatic Sedge Marsh 
Aquatic Sedge with Deep Polygons 
Aquatic Grass Marsh 
Young Basin Wetland Complex 
Old Basin Wetland Complex 
Riverine Complex 
Dune Complex 
Nonpanemed Wet Meadow 
Patterned Wet Meadow 
Moist Sedge-Shrub Meadow 
Moist Tussock Tundra 
Riverine Low and Tall S h h  
Upland and Riverine Dwarf Shmh 
Upland Low and Tall Shrub 
Barrens 

TOTAL 

ns 
avoid 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

prefer 
ns 
ns 

Aquatic habitats mere assigned zero availability for fox denning 
significance calculated 6& 1,000 simulations at a = 0.05: ns; not significant: prefer = use sificantly greater 
than availabilitv: avoid = use significantly less than availabiliry. 

' Salt-killed ~ u & a  did not occur in the fox den survey area. 

between the Colville and Canning rivers, extendmg 
inland 100 km to the White Hills, for a mean 
density of -4 bears/100km2, about twice the 
density estimated for other areas of the coastal 
plain (Shideler and Hechtel 2000). Adult female 
bears have large home ranges (2,3004,700 km2) 
and are highly mobile, sometimes moving 50 km a 
day (Shideler and Hechtel 2000). Adult males 
cover even larger areas, especially during the 
breeding season in June when they typically move 
through the home ranges of several females. 

Grizzly bears in northem Alaska occupy dens 
between late September and May. One to 3 cubs 
(mean of 2) are born per litter in December or 
January (Reynolds 1979, Gamer and Reynolds 
1986, Shideler and Hechtel 1995). Males and 
females remain separate for most of the year, 
coming together only briefly to court and mate 
between May and July (Gamer et al. 1986). All 
bears occupy winter dens, with females and cubs 
entering dens earlier and emerging later than males 
and single females (Gamer and Reynolds 1986, 
Shideler and Hechtel 2000). On the coastal plain, 
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where permafrost limits the amount of denning 
habitat, grizzlies dig dens in pingos, banks of rivers 
and lakes, dunes, and steep gullies in uplands 
(Harding 1976, Shideler and Hechtel2000). Most 
of the bears studied by ADFG denned within 
50 km of the oilfields, although a few denned up to 
90 km inland (Shideler and Hechtel 1995, 2000). 
Most grizzly dens in the Colville-Kuparuk region 
are clustered in the uplands southeast of the 
Colville River Delta, in the headwaters of the 
Miluveach and Kachemach rivers, although dens 
occur in low densities across the coastal plain 
tundra in suitable sites. Little information is 
available on the occurrence of dens in the NPRA 
Study Area, although we found several in our fox 
den surveys. 

Grizzlies use river drainages on the coastal 
plain as primary travel routes, foraging areas, and 
denning areas (Johnson et al. 1999, Shideler and 
Hechtel 2000). In spring and summer, grizzly 
bears mainly eat plants,. but also take ground 
squirrels, fox pups, caribou, and muskoxen 
(Quimby 1974, Gamer and Reynolds 1986, Gamer 
et al. 1986, Shideler and Hechtel 2000). Riparian 
habitats contain concentrations of preferred foods 
such as legumes (flowering plants in the pea 
family) and ground squirrels, and radio-tracking 
has c o n f i e d  they are preferred habitats (Shideler 
and Hechtel 2000). Artificial food sources also are 
powerful attractants, so human facilities located 
near rivers are especially likely to attract grizzly 
bears. 

birth and rear young in winter dens excavated in 
snowdrifts and areas of deep snow cover. 
Wolverines have been observed rarely during 
caribou and waterfowl surveys in summer and fall 
on the Kuparuk River (ABR, unpubl. data) and on 
and near the Colville River Delta. Single adult 
wolverines were seen along the Tamayagiaq 
Channel of the Colville River Delta on 27 June 
1993 (Smith et al. 1994) and near the mouth of the 
Kachemach River on 11 June 1998 (Johnson et al. 
1999). Two wolverine sightings were reported in 
the vicinity of our NPRA Study Area in 1977-1978 
(BLM 1998). 

Distribution and Abundance 

Muskox 
No muskoxen were seen in the NPRA study 

area in 2002. In 2001, one small group of 
muskoxen was seen in the NPRA Study Area. The 
group, comprising 5 or 6 adults at various times, 
was seen a 5 occasions between 9 June and 27 
June, with successive locations proceedmg 
eastward through the southern portion of the study 
area. No calves were present in that group, but a 
small group of 3 adults and 2 calves was seen east 
of the study area in the Colville River floodplain on 
20 August 2001. 

Fewer muskoxen were seen in 2002 than in 
2001 in the Colville-Kuparuk region as well 
(Lawhead and Prichard 2003). One large group 
(maximum 32 adults and 9 calves) of mixed age 
and sex was seen repeatedly near the mouth of the 

Wolverine Kachemach River on the eastern edge of the 
Colville River Delta (Lawhead and Prichard 2003). 

Wolverines are uncommon to rare on the 
coastal  lai in. thev are more abundant in the Gri3'b Bear 

foothills and mountains of the Brooks Range (Bee 
and Hall 1956, BLM 1998). In the mid-1980s, a 
rough population estimate of -820 wolverines was 
calculated for the western North Slope (GMU 
26A). assuming a density of 1 woiverinell40 km2 
(BLM 1998), but no other population estimates are 
available. Wolverines are harvested by subsistence 
hunters and trappers from Nuiqsut and other North 
Slope villages, primarily during the winter months 
when snowmachines provide wide-ranging access. 
In 1992, the estimated harvest by Nuiqsut residents 
was 14 wolverines (Fuller and George 1997) and 8 
wolverines were reportedly taken in 1994-1995 
(Brower and Opie 1997). Female wolverines give 

Grizzly bears were seen only twice during our 
work in the NPRA Study Area in 2002. A sow 
with two cubs of the year was seen on 24 August in 
the northwest comer of the study area and a single 
unmarked adult was seen in the same area on 26 
August. Grizzly bears were seen on 7 occasions in 
2001. Four of the sightings occurred in the NPRA 
Study Area. one was just outside the northeast 
comer, and the other 2 were south and west of the 
area. 

Three old winter dens were found in the 2002 
Study Area during fox den and caribou surveys, in 
addition to the 3 found in 2001 (Figure 32), usually 
in well-drained landforms suitable for fox denning. 
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Several of the bears radio-collared by ADFG in the 
oilfield region to the east have denned near the 
Colville River or on the Colville River Delta in 
past years, but none of these bears have denned in 
the NPRA Study Area. Bears collared in 
northeastem NPRA by ADFG in summer 2002 will 
provide future data on den locations. 

Wohserine 
A large wolverine was seen off transect on 25 

October 2002 at the southern edge of the study area 
near Tigmiaqsiugvik. One adult wolverine was 
seen south of Uvlutuuq in the southwestern portion 
of the study area on 29 September 2001 during a 
caribou survey. 
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Appendix A. Common and scientific names of birds and mammals observed in the NPRA Study Area, 
Alaska. 1999-2002. 

COMMON NAME SCIENTIFIC NAME COMMON NAME SClENTIFlC NAME 

BIRDS 

Red-throated Loon 
Pacitic Loon 
Yellow-billed Loon 
Red-necked Grebe 
Greater White-6onted Got 
Canada Goose 
Brant 
Tundra Swan 
Northern Shoveler 
Northern Pintail 
Green-winged Teal 
Greater Scaupa 
Steller's Eider 
Spectacled Eider 
King Eider 
Surf Scoterb 
White-winged Scoter 
Long-tailed Duck 
Red-breasted Merganser 
Bald Eagle 
Northern Harrier 
Rough-legged ~ a w k ~  
Golden Eagle 
Merlin 
Peregrine Falcon 
Willow Ptarmigan 
Rock Ptarmigan 
Sandhill Crane 
Black-bellied Plover 
American Golden-Plover 
Semipalmated ploverb 

MAMMALS 

Arctic Ground Squirrel 
Brown ~enming' 
Collared Lemming 
Gray WolP 
Arctic Fox 
Red Pox 

Gmia stellata 
Gaviapacrjka 
Gmia adamsii 
Podiceps grisegena 

Ise Anser albifons 
Branta canadensis 
Branta ben~icla 
Cygnus columbianus 
Anas clypeata 
Anas acuta 
Anas crecca 
Aythya marila 
Polt~sticta stelleri 
Somateria fscheri 
Somateriu spectabilis 
Meianitta perspicillata 
Melanitto fusca 
C l a n g h  hyemalis 
M e r p  serrator 
Haliaeetus leucoceplialus 
Circus cyaneus 
Buteo lagopus 
Aquila chrysaetos 
Fulco columbanus 
Falco peregrinus 
Lagopiis lagopus 
Lagopus mutus 
Grus canadensis 
Pluvialis squararola 
Pluvialis donrinica 
Charadrius semipalmatus 

Spermophilus purvii 
Lemmus sibiricus 
Dicrostonyx rubricatus 
Conis lupus 
Alopex lagopus 
Vulpes vulpes 

Upland Sandpiper 
Whimbrel 
Bar-tailed Godwit 
Ruddy g urn stone^ 
Semipalmated Sandpiper 
Baird's Sandpiper 
Pectoral Sandpiper 
Dunlin 
Stilt Sandpiper 
Long-billed Dowitcher 
Common Snipe 
Red-necked Phalarope 
Red Phalarope 
Pomarine Jaeger 
Parasitic Jaeger 
Long-tailed Jaeger 
Glaucous Gull 
Sabine's Gull 
Arctic Tern 
Snowy Owl 
Short-eared Owl 
Common Raven 
Homed  ark^ 
Yellow Wagtail 
Wilson's Warbler 
American Tree Sparrow 
Savannah Sparrow 
Lapland Longspur 
Snow ~ u n t i n g ~  
Common Redpoll 

Grizzly Bea 
Ermine 
Wolverine 
Caribou 
Muskox 

Bartrarnia longicauda 
Numenius phaeopus 
Limosa lapponica 
Arenaria interpres 
Calidris pirsilla 
Calidris bairdii 
Caiidris n~elanotos 
Calidris alpina 
Calidris himantopiis 
Limnodromus scolopaceiis 
Gallinago gallii~ago 
Pttalaropus lobatus 
Pkalaropus frrlicariur 
Stercorarius pamarinus 
Stercorarius parasiticus 
Stercorarius iongicaudr~s 
Larus &perboreus 
Xenra sabini 
Sterna paradisaea 
Nyctea scandiaca 
Asio flammeus 
Corvus corm 
Ereniophila alpestris 
Motacilla Java 
Wilsonia pirsilla 
Spizella arborea 
Passerculus sanhvichensis 
Calcarius lapponicus 
Plechophenm nivalis 
Carduelis flamrnea 

Ursus arctos 
Mristela erminea 
Gulo girlo 
Rangier tarandus 
Ovibm moschatus 

" Unidentified scaup observed, probably Greater Scaup. 
Indicates species not observed during this investigation. but known to occur in the NPRA 
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Appendix B. Coordinates (North American Datum 83 in decimal degrees)for the midlines of the 24 
shorebird plots in the NPRA Study Area, Alaska, 2002. 

Start End 

Plot No. Latitude Longitude Latitude Longitude 
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Appendix C. Classification and descriptions of wildlife habitat types found in the NPRA Study Area, 
Alaska, 2002. 

Habitat Class Description 

Open Nearshore Water 
(Estuarine Subtidal) 

Brackish Water (Tidal 
Ponds) 

Tapped Lake with Low- 
water Connection 

Tapped Lake with 
High-water 
Connection 

Salt Marsh 

Tidal Flat 

Shallow estuaries, lagoons, and enlbayments along the coast of Ule Beaufort Sea. Winds, 
tides, river discharge. and icing create dynamic changes in physical and chemical 
characteristics. Tidal range normally is sttiall(< 0.2 m), but storm surges produced by 
winds may raise sea level as much as 2-3 m. Bottom sediments are mostly 
unconsolidated mud. Winter freezing generally begins in late September and is 
completed by late November. An imponant habitat for some species of waterfowl for 
molting during spring and fall staging. 

Coastal ponds and lakes that are flooded periodically with saltwater during stomi surges. 
Salinity levels often are increased by subsequent evaporation of impounded saline water. 
Sediments may contain peat. reflecting a freshwater/terresl~ial origin, but this peat is 
mixed with deposited silt and clay. 

Waterbodies that have been partially drained by erosion of banks by adjacent river 
channels and are connected to rivers by distinct. permanently flooded channels. The 
water typically is brackish and the lakes are subject to flooding every year. Because 
water levels have dropped, the lakes generally have broad flat shorelines with silty clay 
sediments. Salt-marsh vegetation is common along the shorelines. Deeper lakes in this 
habitat do not freeze to the bottom during winter. Sediments are fme-grained silt and 
clay with some sand. These lakes form important over-wintering habitat for fish. 

Similar to Tapped Lake with Low-water Connection except that the connecting channels 
are dry during low water and the lakes are connected only during flooding events. Water 
tends to be fresh. Small deltaic fans are common near the connecting channel due to 
deposition during seasonal flooding. These lakes form important fish habitat. 

On the Beaufon Sea coast. arctic Salt Marshes generally occur in small, widely dispersed 
patches. most frequently on fairly stable mudilats associated with river deltas. The 
surface is flooded irregularly by brackish or marine water during high tides, storm 
surges, and river flooding events. Salt Marshes typically include a complex assemblage 
of small brackish ponds, Halophytic Sedge Wet Meadow, Halophytic Willow Dwarf 
Shmb Tundra. and small barren patches. Dominant plant species usually include Carex 
subspathacea, C ursbm Puccinelliaphyganodes, Dupontiafisheri, P. andersonii. 
Salk ovalfolia. Cochlearia officinalis, Stellaria humifusa, and Sedum rosea. Salt 
Marsh is important habitat for brood-rearing and molting waterfowl. 

Areas of nearly flat, barren mud or sand that are periodically inundated by tidal waters. 
Tidal Flats occur on the seaward margins of deltaic estuaries, leeward portions of bays 
and inlets, and at mouths of rivers. Tidal Flats frequently are associated with lagoons 
and estuaries and may vary widely in actual salinity levels. Tidal Flats are considered 
separately from other barren habitats because of their importance to estuarine and 
marine invertebrates and shorebirds. 
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Appendix C. (Continued). 

Habitat Class Description 

Salt-killed Tundra 

Deep Open Water 
without Islands 

Deep Open Water with 
Islands or 
Polygonized Margins 

Shallow Open Water 
without Islands 

Shallow Open Water 
with Islands or 
Polygonized Margins 

River or Stream 

Aquatic Sedge Marsh 

Aquatic Sedge with 
Deep Polygons 

Coastal areas where saltwater intrusions from storm surges have killed much of the 
original terrestrial vegetation and are being colonized by salt-tolerant plants. Colonizing 
plants include Puccinellia andersonii, Dupontiafisheri, Brap purpurascens, B. pilosa, 
Cochlearia officinalis, Stellaria humifusa, Cerastium beeringianum, and Salix 
ovalifolia. This habitat typically occurs either on low-lying areas that originally 
supported Patterned Wet Meadows and Basin Wetland Complexes or, less commonly, 
along drier coastal bluffs that originally supported Moist Sedge-Shrub Meadow and 
Upland Shrub. Salt-killed Tundra differs h m  Salt Marshes in having abundant litter 
Gom dead tundra vegetation, a surface horizon of organic soil, and salt-tolerant 
colonizers. 

Deep (21.5 m) waterbodies range in size Gom small ponds in ice-wedge polygons to large 
open lakes. Most have resulted from thawing of ice-rich sediments, although some are 
associated with old river channels. They do not freeze to the bonom during winter and 
usually are not connected to rivers. Sediments are fmegrained silt in centers with sandy 
margins. Deep Open Waters without Islands are differentiated from those with islands 
because of the lack of nest sites for waterbirds that prefer islands. 

Similar to above except that they have islands or complex shorelines formed by thermal 
erosion of low-center polygons. The complex shorelines and islands are important 
features of nesting habitat for many species of waterbirds. 

Ponds and small lakes <1.5 m deep with emergent vegetation covering <5% of the 
waterbody's surface. Due to the shallow depth, water freezes to the bonom during 
winter and thaws by early to mid-June. Maximal summer temperatures are higher than 
those in deep water. Sediments are loamy to sandy. 

Shallow lakes and ponds with islands or complex low-center polygon shorelines, 
otherwise similar to Shallow Open Water without Islands. Distinguished from Shallow 
Open Water without Islands because shoreline complexity appears to be an important 
feature of nesting habitat for many species of waterbirds. 

All permanently flooded channels large enough to be mapped as separate units. Rivers 
generally experience peak flooding during spring breakup and lowest water levels during 
mid-summer. The distributaries of Fish Creek are slightly saline, whereas other streams 
are non-saline. 

Permanently flooded waterbodies dominated by C a r a  aquatilis. Typically, emergent 
sedges occur in water 50.5 m deep. Water and bonom sediments of this shallow habitat 
fieeze completely during winter, but the ice melts in early June. The sediments 
generally consist of a peat layer (0.2-0.5 m deep) overlying loam or sand. 

A habitat associated with inactive and abandoned floodplains and deltas in which 
thennokarst of ice-rich soil has produced deep p 0 . 5  m), permanently flooded polygon 
centers. Emergent vegetation. mostly C a r a  aq~iatilis, usually is found around the 
margins of the polygon centers. Occasionally, centers will have the emergent grass 
Arctophila,fulva. Polygon rims are moderately well drained and dominated by sedges 
and dwarf shrubs, including Cara  aquatilis, Eriophorunl angustifolivm. C. bigelowii, 
Dryas integrifolia, Salix reticulata, and S ovalifolia. 
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Appendix C. (Continued). 

Habitat Class Description 
- - 

Aquatic Grass Marsh Ponds and lake margins with the emergent grass Arctophilafulva. Due to shallow water 
depths (<I m), the water freezes to the bottom in the winter. and thaws by early June. 
Arctophilafulva stem densities and annual productivity can vary widely among sites. 
Sediments generally lack peat. This type usually occurs as an early successional stage in 
recently drained lake basins and is more productive than Aquatic Sedge Marsh. This 
habitat tends to have abundant invertebrates and is impottant to many waterbirds. 

Young Basin Wetland Complex habitat found in recently drained lake basins and characterized by a mosaic of 
Complex (Ice-poor) open water, Aquatic Sedge and Grass Marshes, Nonpattemed Wet Meadows. and Moist 

Sedge-Shmb Meadows in patches too ma11 (<0.5 ha) to map individually. During 
spring breakup, basins may he entirely inundated, though water levels recede by early 
summer. Basins oflen have distinct banks marking the location of old shorelines. hut 
these boundaries may he indistinct due to the coalescence of thaw basins and the 
presence of several thaw lake stages. Soils generally are loamy to sandy, moderately to 
richly organic, and ice-poor. Because there is little segregated ground ice the surface 
form is nonpatterned ground or disjunct polygons and the margins of waterbodies are 
indistinct and oflen interconnected. Ecological communities within young basins appear 
to be much more productive than are those in older basins: this was the primary rationale 
for differentiating these two types. 

Old Basin Wetland Similar to above but characterized by well-developed low- and high-centered polygons 
Complex (Ice-rich) resulting from ice-wedge development and aggradation of segregated ice. Complexes in 

basin margins generally include Aquatic Sedge Marsh, Patterned Wet Meadow. Moist 
Sedge-Shrub Meadows. and small ponds (<0.25 ha). The waterbodies in old basins tend 
to have smoother. more rectangular shorelines and are not as interconnected as those in 
more recently drained basins. The vegetation types in basin centers generally include 
Moist Sedge-Shrub Meadow and Moist Tussock Tundra on high-centered polygons. and 
Patterned Wet Meadows. Aquatic Grass Marsh generally is absent. Soils have a 
moderately thick (0.24.5 m) organic layer overlying loam or sand. 

Riverine Complex Permanently flooded streams and floodplains characterized by a complex mosaic of water, 
Barrens. Riverine Dwarf Shrub. Riverine Low and Tall Shrub, Aquatic Sedge and Grass 
Marsh. Nonpattemed and Patterned Wet Meadow, and Moist Sedge-Shruh Meadow in 
patches too small (<0.5 ha) to map individually. Surface form varies from noopattemed 
point bars and meadows to mixed high- and low-centered polygons and small stabilized 
dunes. Small ponds tend to have smooth, rectangular shorelines resulting 6om the 
coalescing of low centered polygons. During spring flooding these areas may be entirely 
inundated, following breakup water levels gradually recede. 

Dune complex Complex formed from the action of irregular flooding on inactive sand dunes, most 
commonly on river point bars. A series of narrow swale and ridge features develop in 
parallel with river flow that are too small to map separately. Swales are moist or 
saturated while ridges are moist to dry. Habitat classes in swales typically are Riverine 
Low Shrub. Nonpatterned Wet Meadow. or Fresh Sedge Marsh, while ridges commonly 
are Upland Dwarf Shrub or Upland Low Shrub. 
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Appendix C. (Continued). 

Habitat Class Description 

Nonpattemed Wet Sedge-dominated meadows that occur within recently draimed lake basins, as narrow 
Meadow margins of recedimg waterbodies, or along edges of small stream channels in areas that 

have not yet undergone extensive ice-wedge polygonization. Disjunct polygon rims and 
strang cover <5% of the ground surface. The surface generally is flooded during early 
summer (depth <0.3 m) and drains later, but water remains close to the surface 
throughout the growing season. The unintermpted movement of water (and dissolved 
nutrients) in nonpattemed ground results in more robust growth of sedges than occurs in 
polygonized habitats. Usually dominated by Carex aquatilis and Eriophorum 
angustifolium, although other sedges may be present. Near the coast, the grass Dupontia 
fishen' may be present. Low and dwarf willows (Salix lanata richardsonii, S reticulalo, 
S. planifolia pulchra) occasionally are present. Soils generally have a moderately thick 
( I s 3 0  cm) organic horizon overlying loam or sand. 

Patterned Wet Meadow Lowland areas with low-centered polygons or strang within drained lake basins, level 
floodplains, and flats and water tracks on terraces. Polygon centers are flooded in spring 
and water remains close to the surface throughout the growing season. Polygon rims or 
strang intermpt surface and groundwater flow, so only interconnected polygon troughs 
receive domslope flow and dissolved nuhients; in contrast. the input of water to 
polygon centers is limited to precipitation. As a result, vegetation growth typically is 
more robust in polygon troughs than in centers. Vegetation is dominated by sedges, 
usually Carex aquatilis and Eriophortim angustifolium, although other sedges may be 
present including C rotundam. C. saratilis, C. membranacea, C. chordorrhizn, and E. 
russeolum. On polygon rims, willows (e.g.. Salk lanata richardsonii, S. reticulata. S. 
planifoliapulchra) and the dwarf shrubs D ~ a s  integrifoia and Cassiope tetragona may 
be abundant along with other species typical of moist tundra. 

Moist Sedge-Shrub High-centered, low-relief polygons and mixed high- and low-centered polygons on gentle 
Meadow slopes of lowland, riverine. drained basin, and solifluclion deposits. Soils are saturated 

at intermediate depths p0.15 m) but generally are free of surface water during summer. 
Vegetation is dominated by D~?,as integrifolia, and Carex bigelowii. Other common 
species include C aquatilis. Eriophorum anguslifolhim, Salix reticulato, S, lanala 
richardsonii, and the moss Tomengpnum nitens. The active layer is relatively shallow 
and the organic horizon is moderate (0.1-0.2 m). 

Moist Tussock Tundra Gentle slopes and ridges of coastal deposits and terraces, pingos, and the uplifted centers 
of older drained lake basins. Vegetation is dominated by tussock-fonning plants, most 
commonly Eriophorum vagiriat~mh High-centered polygons of low or high relief are 
associated with this habitat. Soils are loamy to sandy, somewhat well-drained, acidic to 
circumneutral, with moderately thick (0.1-0.3 m) organic horizons and shallow (c0.4 m) 
active layer depths. On acidic sites. associated species include Ledzrm decumbens. 
Betula nana, Salix planifolia p~~lchra ,  Cassiope tetragona and Vaccinium vitis-idaea. 
On circumneutral sites common species include Dqm integrijolia, S, reticulata. Carer 
bigelowii, and lichens. Mosses are common at most sites. 
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Appendix C. (Continued). 
Habitat Class Description 

Riverine Low and Tall Both open and closed stands of low (51.5 m) and tall p1.5 m) willows along riverbanks. 
Shrub Tall willows occur mainly on active riverine deposits along larger streams and rivers, 

&ere the vegetation is dominated by open (<75% cover) stands of Saiix alaxensis with 
a sparse understory including Equisetum arvense, Gerttiana propinqua, Chiysanfhemum 
bipinnatum, Festuca rubra, and Aster sibiricus. Soils are well-drained riverine sands 
with a poorly developed organic horizon. Low willow stands, which can occur on active 
and inactive deposits. typically havc an opm to closed canopy of S. lanata richardsonii 
occasionally mixed with S, planifolia pulchra. Understory plants include Equisetum 
arvense. Asfragalus alpinus, Drepanocladus sp. Arcfagrostis iatifolia. Perasites 
pigidus, and Tomentypnum nitens. Soils are interbedded layers of riverine sands, silts, 
and organics. 

Upland Low and Tall Open to closed stands of low (51.5 m) and tall p 1 . 5  m) willow often found on banks, 
Shrub dunes, and high-centered polygons. Upland Tall S h b  can be found on active sand 

dunes and is defmed by thc presence of Salix alruerrsis. Low S h b  stands are found on 
short, steep banks of basins and on inactive sand dunes. Sites are dominated by Salix 
glauca, with Dryas inlegrifolia, Salix lanata richardsonii, Arctostaph~los rubra. and 
mosses in the understory. Included in this class are sites dominated by low shrub birch, 
Betzrla nana. 

Upland and Riverine Dwaf scrub tundra on upland ridges, stabilized sand dunes and river terraces dominated 
Dwarf Shrub by Dvnr inlegrifolia or Cassiope terragona. Upland Dryas sites typically are dry and 

sandy with deep thaw depths p1.0 m), conun011 associated species include Salix glauca, 
S. reticulata, Arctostaphylos alpina, Arcfagrostis lati/olia, Thamnolia vernricularis, and 
Cerraria cuculata. Riverine Dyas sites occur on well-drained, sandy river terraces. co- 
dominant species often include Equisetuni variegatlirn and Salix reticulafa, with S 
lanata richardsonii, Arctosfaphylos rubra. Oxybopis deflexa, Tomentygnum nilens, and 
Tltornnolia vemicularis as associated spccies. Cassiope terraguna is found on slightly 
moister sites such as banks of thaw basins, riverbanks, and banks of older. well- 
stabilized dunes. On intermediate soils Dryas integr~jolia may be co-dominant Species 
found in association with Cassiope include S. phlebophylla, Salk reticulata, Vaccinium 
vilis-idaea, Carex bigelowii, HierocWoe alpina, and Arctagrostis latifolia. Cryptogams 
present inclnde crustose lichens, Hylocomiurn splendens, Dicvanun~ sp., Tumenrypnum 
nitens, and Rhvtidium rugosum. All sites have a wide variety of forbs. 

Barrens (Riverine. Includes barren and partially vegetated (<30% plant cover) areas related to riverine, 
Eolian, or Lacustrine) eolian, or thaw basin processes. Riverine Barrens on river flats and bars are underlain 

by moist sands and are flooded seasonally. Early colonizers are Deschampsia 
caespitosa, Poa harcii, Festrrca rlrbra, Salix alaxensis, and Equisetum arvenre. Eolian 
Barrens are active sand dunes that are too unstable to support more than a few 
pioneering plants (<5% cover). Typical species include Salix alaxensis, Fesfuco rubra, 
and C h ~ a n t h e m u m  bipinnahrm. Lacustrine Barrens occur within recently drained 
lakes and ponds. These areas may be flooded seasonally or can be well drained. 
Typical colonizers are forbs. graminoids, and mosses including Carex aqlratilis. 
Dupontiafsheri, Scorpidium scorpioides, and CaNiergon sp. on wet sites and Poa spp., 
Festlrca rubra. Deschampcio caespitosa. Stellaria hanlifusa. Senecio congesfus, and 
Salix ovalifolia on drier sites. Barrens may receive intense use seasonally by caribou as 
mosquito-relief habitat. 
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Appendix D. Number and density (numberikm2) of nests found on 24 shorebird plots during nest-searching visits in the NPRA Study Area, 

? Alaska, 2002. (Each plot was 10 hectares. see Figure 2). $ 
9 .a 

3 Plot 9 
Number $ B 

Species 1 2 3 4 25 26 27 28 33 34 35 36 
B a 
2: Red-throated Loon 0 0 0 0 0 0 0 0 0 0 0 0 
hJ 
0 

Greater White-fronted Goose 0 0 0 0 0 1 2 0 0 0 0 0 
8 Northern Pintail 0 0 0 0 0 0 0 I 0 0 0 0 

Greater Scaup 0 0 0 0 0 I 0 0 0 0 0 0 
Long-tailed Duck 0 0 0 0 0 0 0 0 0 0 0 0 
Willow Ptarmigan 0 0 0 0 0 0 0 1 0 0 0 0 
Black-bellied Plover 0 0 0 0 1 0 0 0 0 I 0 0 
American Golden Plover 0 0 0 0 0 0 2 0 0 0 0 0 
Bar-tailed Godwit 0 0 0 0 1 0 0 0 0 0 0 0 
Semipalmated Sandpiper 1 0 0 1 0 1 0 1 2 0 0 0 
Pectoral Sandpiper 1 0 0 0 0 2 0 I 2 2 1 4 - Dunlin 0 0 0 0 0 0 0 0 0 0 0 0 - a Stilt Sandpiper 0 0 0 1 0 0 0 0 0 0 0 0 
Buff-breasted Sandpiper 0 0 0 0 0 0 0 0 0 0 0 0 
Long-billed Dowitcher 0 0 1 0 0 2 I 0 0 0 I 0 
Red-necked Phalarope 0 0 0 0 0 I 1 1 0 2 3 4 
Red Phalarope 0 0 0 0 0 0 0 ' 0 0 0 0 0 
Arctic Tern 0 0 0 0 0 0 0 0 0 0 0 0 
Savannah Sparrow 0 0 0 0 0 I 0 0 0 0 I 0 
Lapland Longspur I 4 5 4 0 2 I 2 6 2 2 0 
Common Redpoll 0 0 0 0 I 0 0 0 0 0 0 0 

Total Nests 
Density (nestslkm') 
Number of Species 



- 0 o 0 0 o 0 0 0 a 0 - 0 - o o m - o o -  n o t -  
2 
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Appendix E. Number and mean density (numberlkm? of nests found on clusters (4 plots each) of shorebird plots during nest-searching visits in 
the NPRA Study Area, Alaska, 2001-2002. k 

2 Plats plots ~ o t d  ~ o t a l  
P s 

Plots 1-4 
0 

Plots 25-28 Plats 33-36 Plots 45-48 Plots 5 3 5 6  6 5 4 8  101-104 Nests Mean Nests Mean 3 --- a 
Density Density 

k? Species 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 (nestskm') 2002 (nesbkm') = 
r?: 
-8 Red-throated L m  0 0 0 0 0 0 0 1 0 0 0 0 0 0 I 0.4 

E\, 
Greater White-fronted Goose 1 0 1 3 1 0 0 0 2 2 1 1 6 2.5 6 2.5 

0 

B Northern Pinlail 0 0 I I 0 0 0 0 0 0 0 1 I 0.4 2 0 8  
Greater Scaup 0 0 0 1 0 0 0 1 0 0 0 0 0 0 2 0 8 
Long-tailed Duck 0 0 0 0 0 0 0 0 I 1 I 0 2 0.8 I 0.4 
Willow Ptarmigan 1 0 3 I 0 0 0 0 2 0 0 2 6 2.5 3 1.3 
Rock Ptarmigan 0 0 0 0 0 0 0 0 0 0 1 0 1 0.4 0 0 
Black-bellied Plover 0 0 0 I 0 1 4 3 1 0 I 0 6 2.5 5 2.1 
American Golden Plover 0 0 0 2 0 0 0 0 1 1 0 2 1 0 4 5 2.1 
Bar-tailed Godwit 0 0 0 1 0 0 0 0 1 0 0 I I 0.4 2 0.8 
Semipalmated Sandpiper 5 2 6 2 3 2 7 13 4 5 3 2 28 11.7 26 10.8 
Baird's Sandpiper 0 0 0 0 0 0 I 0 0 0 0 0 1 0 4 0 0 

F 
Pectoral Sandpiper I 1 2 3 7 9 I 3 5 11 3 5 19 7.9 32 13.3 

F 
00 Dunlill I 0 0 0 0 0 2 2 1 I 0 1 4 1.7 4 1.7 

Stilt Sandpiper 0 I 0 0 0 0 0 1 4 3 0 0 4 1.7 5 2.1 
Buff-breasted Sandpiper 0 0 0 0 0 0 0 6 0 0 0 0 0 0 6 2.5 
Long-billed Dowitcher 6 1 I 3 2 1 1 0 5 3 4 2 19 7.9 10 4.2 
Red-necked Phalarope 0 0 4 3 4 9 0 0 5 3 1 3 14 5.8 18 7.5 
Red Phalarope 0 0 0 0 2 0 I 2 0 5 1 0 4 1.7 7 2.9 
Long-tailed laeger 1 0 0 0 0 0 0 0 0 0 0 0 I 0.4 0 0 
Arctic Tern 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0.4 
Yellow Wagtail 0 0 1 0 0 0 0 0 0 0 0 0 I 0.4 0 0 
Savannah Sparrow 0 0 1 I 2 1 0 0 0 0 I 0 4 1.7 2 0.8 
Lapland Longspur 13 14 7 5 10 10 6 4 7 12 6 10 49 20.4 55 22.9 
C m o n  Redpoll 0 0 0 1 0 0 0 2 0 0 0 I 0 0 4 1.7 

Total Nests 29 19 27 28 31 33 23 39 39 47 23 3 1 I72 197 

Density 72.5 47.5 67.5 70.0 77.5 82.5 57.5 97.5 97.5 117.5 57.5 775 71.7 82 1 
Number of Species 8 5 10 14 8 7 8 12 13 11 11 12 20 2 1 



Appendix F. Nest evidence found near successful and failed nests of shorebirds in the NPRA Study 
Area, Alaska, 2002. Values represent percent of total nests for each type of evidence. 

Eggshell Fragments Eggshell Parts 

None Top or 
Fatelspecies n Present Absent Found Piece Bottom 

SUCCESSFUL NESTS 

American Golden-Plover 
Semipalmated Sandpiper 
Pectoral Sandpiper 
Stilt Sandpiper 
Buff-breasted Sandpiper 
Long-billed Dowitcher 
Red-necked Phalarope 
Red Phalarope 

FAILED NESTS 
Black-bellied Plover 
American Golden-Plover 
Bar-tailed Godwit 
Semipalmated Sandpiper 
Pectoral Sandpiper 
Dunlin 
Buff-breasted Sandpiper 
Long-billed Dowitcher 
Red Phalarope 

NPRA Wildlife Studies, 2002 





A~oendix G (Continued). 

Mean Daily Survival Rate +_ SE 

95% Confidence lntewal 

Samole Size of Nests 

Soecies Cimuo/Soecies All Plots Plots 1 4  Plots 21-24 Plots 3 1-34 Plots 4144  Plots 51-54 Plots 101-104 

- 
t? Lapland Lot~gspur' 0.956 + 0.015 0.900 f 0.067 0.962 + 0.026 1.000 & 0.000 

0.926 - 0.987 0.766 - 1.034 0.910- 1.015 1.000 - 1.000 
3 1 4 6 3 

Lapland ~ o n ~ s ~ u r '  0.989 + 0.004 0.985 + 0.010 0.983 & 0.012 1.000 + 0.000 
0.981 - 0.997 0.965 - 1.006 0 .9M)  1.007 1.000 - 1.000 

77 18 10 12 

All speciesg 0.976 f 0.003 0.980 f 0.010 0.976 + 0.007 0.985 f 0.006 
0.969 - 0.981 0.947 - 0.992 0.958 - 0.987 0.967 - 0.993 

224 17 38 33 

' Also includes Buff-breasted Sandpiper (n = 6). Bar-tailed Godwit (n  = 2). Dunlin (n = 5). Red Phalarope (n = 8) and Stilt 
3 - Sandpiper (n = 5). 

Includes Oreater Scaup (n = 2). Greater White-fronted Goose (n = 8), Long-tailed Duck (n  = I) and Northern Pintail 
0 1  = 6).  

!? : Inntbntiun wad: also in;ludcr C'omntol~ Kcdpoll in = 5 )  and Sasmnah Spmo\\ ( , I  11. 
i 

A Induhaliun md i~csllin$ period. also includes ('abrnmon Kdpoll ( n  = 5 )  and S3\ amah Spano$\ ( a  - I) - ~ $ Incubation period. 

b Incubation and nestling period. a a "ncubation period; also includes Arctic Tern (n = 2), Red-throated Loon (n = I) and Willow Ptarmigan (n = 6) 



Appendix HI. Number and density o f  caribou observed during 12 systematic aerial strip-transect 
surveys (50% coverage of 953 km' survey area), NPRA Study Area, May-October 2001 

No. of Large Density 
Date Cariboua No. of Calves Total No. (caribou/lonz) Mean Group Size 

20 May 
9 June 
17 June 
23 June 
12 July 
23 July 
4 August 
14 August 
28 & 30 August 
29 September 
12 October 
24 October 
Total 

Adults + yearlings. 
111 = calves present, but numbers not recorded 

NPRA Wildlife Studies, 2002 



Appendices 

,- 

+ Drilled Exploratory Well 
Caribou Group Size 

1 0 1 2 3 4 5 Miles 

2 
- 

2 4 6 8 Kilometers @ 11-50 
ABR We. AppH2~mayjune.canbou.02-123 mxd 
14 March 2W3 

Appendix H2. Distribution and group size of caribou observed during aerial strip-transect surveys in 
the NPRA Study Area, May and June 2001. 
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Appendices 

-i Drilled Exploratory Well Caribou G~OUD Size 

1 0 1 2 3 4 5 Miles - 
2 0 2 4 6 8Kllometers S 
h--- @ 51-100 

101-200 
ABR flle AppH3Junejuy~urlbu_02-123.mxd 
14 March 2003 

Appendix H3. Survey route and caribou group locations during a sex- and age-composition survey on 
15 June 2001 and distribution and group size of caribou observed during aerial 
strip-transect surveys in July, NPRA Study Area, 2001. 
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28 and 30 Auaust 

SeptemberlOctober 2001 .- 

+ Drilled Exploratory Well 
Caribou Group Sir 

1 o 1 2 3 4 s Miles e 1-10 - 
2 0 8 Kilometers s @ 10-50 
& @ 51-100 

ABR Rle: ~pH4_aug~repal~unbou_02-123.mxd 
14 March 2W3 - 

Appendix H4. Distribution and group size of caribou observed during aerial strip-transect surveys in 
the NPRA Study Area, August and September-October 2001. 
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Appendix H5. Distribution and activity status of fox dens observed in June-July and incidental 
sightings of other mammals during aerial ship-transect s w e y s  in Mayactober, NPRA 
Study Area, 2001. 

NPRA Wildlife Studies, 2002 


