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EXECUTIVE SUMMARY We included data from previous years in our
assessments of distribution, abundance, and habitat
The Colville River Delta is one of the most use, where such data were appropriate.
prominent and important landscape features on the Spectacled EidersFhe pre-nesting distribution
Arctic Coastal Plain of Alaska, both because of itof Spectacled Eiders during 1998 was similar to that
large size and because of the concentrations of birdshserved in previous years. Spectacled Eiders are
mammals, and fish that are found there. The Colvillattracted to coastal areas; the average distance of pre-
River drains a watershed of ~53,000%knvhich  nesting locations from the coastal shoreline in 1998
encompasses ~29% of the Arctic Coastal Plain ofvas 3.7 km 1f = 34). Although Spectacled Eider
Alaska. The high-volume flow and heavy sedimennumbers were up from those in 1997, no overall trend
load of the Colville River create a large (551%m is apparent among the six years of counts. In 1998,
dynamic deltaic system containing a diversity ofone Spectacled Eider nest was found during intensive
terrestrial habitats, lakes, and wetlands. The deltground searches in the Alpine Facility Area on the
supports a wide array of wildlife and is known to becentral delta; no other areas were searched.
a regionally important nesting area for Yellow-billed Spectacled Eiders preferred 5 of 23 habitats during
Loons, Tundra Swans, Brant, and Spectacled Eiderpre-nesting seasons in 1993-1998: Brackish Water,
In spring, the delta provides some of the earliest opeBalt Marsh, Salt-killed Tundra, Shallow Open Water
water and snow-free areas on the Arctic Coastal Plainith Islands or Polygonized Margins, and Aquatic
of Alaska for migrating birds. In fall, the delta’s Sedge with Deep Polygons. From 1992 to 1998,
extensive salt marshes and mudflats are used by geejgectacled Eiders nested most often in Aquatic Sedge
and shorebirds for feeding and staging. In addition tavith Deep Polygons, Brackish Water, Nonpatterned
use by birds, the delta is used seasonally by caribdt¥et Meadow, and Salt-killed Tundra; nests were
for insect-relief habitat, by arctic and red foxes fomever more than 10 m from permanent water.
denning, and by spotted seals for fishing and haul- King Eiders—Fhe delta is less important to
out sites. The Colville Delta contains two permanenbreeding King Eiders than areas east of the Colville
human habitations: the Ifiupiaq village of NuigsutRiver. King Eiders were less abundant than Spectacled
and the Helmericks family homesite, both of whichEiders on the delta during pre-nesting, but their
rely heavily on local fish and wildlife resources. distribution relative to the coast was similar to that of
ARCO Alaska, Inc. and its partner AnadarkoSpectacled Eiders, averaging 5.5 ki (110) from
Petroleum were granted permits for the Alpinethe coast during 1993-1998. Although King Eider
Development Project on the central delta on 13wmbers in 1998 were the second highest on record,
February 1998. ARCO initiated a number of studiesinnual changes in King Eider numbers on the delta
in 1992 to examine the biological, physical, and culturahave been relatively small. From 1993 to 1998, pre-
resources of the delta. In this annual report on theesting King Eiders on the delta preferred River or
1998 field season, we present the results of oustream habitat and nested in Aquatic Sedge with Deep
seventh year of study on the wildlife resources of th€olygons and Salt-killed Tundra. No nests of King
Colville Delta. Eiders were found on the delta in 1998, and only
The goal of the 1998 studies was to continue téour nests have been found on the delta since 1992.
collect baseline data on the use of the Colville Delta  Tundra Swan-h 1998, Tundra Swans nested
and adjacent areas by selected birds and mammais the delta in numbers (31 nests) similar to those in
between late spring (May) and early fall (September)1997 (32 nests), but declined from the peak number
The primary species of concern were Spectacle@5 nests) in 1996. In the Alpine Facility Area, we
Eiders, King Eiders, Tundra Swans, Brant, Yellow-found three swan nests, which was similar to previous
billed Loons, caribou, and arctic foxes. A combinatioryears. The number of broods on the delta in 1998
of aerial and ground surveys were used to colleq22 broods) also was similar to that in 1997 (24
location data for analysis in a geographic informatiorbroods). The percentage of broods to nests (71%) in
system. We used wildlife habitats (classified andl998 was slightly lower than the long-term average
mapped in 1995) to describe vegetation and landform§8%) on the delta. We observed 411 swans during
on the delta that were used or selected by focal specidall staging, the highest number on record; most were
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in the East Channel of the Colville River near the  Other Geese-Fhe Colville Delta is a regionally
Miluveach River. Swans used a wide array of habitatsnportant nesting area for Greater White-fronted
on the delta. During nesting, swans preferred SaltGeese and supports small numbers of nesting Canada
killed Tundra, Deep Open Water with Islands orand Snow geese. In 1998, we did not conduct nest
Polygonized Margins, Aquatic Sedge with Deepsearches for Greater White-fronted Geese as part of
Polygons, Wet Sedge—Willow Meadow, Nonpatternedhis study (but see Johnson et al. 1999). In 1998, we
Wet Meadow, and Moist Sedge—Shrub Meadowfound two Canada Goose nests in the Development
Swans appeared to be attracted to waterbodies férea. During systematic surveys for goose broods at
nesting: average distance to waterbodies was 0.1 kb©% coverage, we counted 2,389 Greater White-
(n=203). Swans preferred more saline habitats fdironted Geese in 49 groups on the delta and goslings
raising broods: Brackish Water, Tapped Lake withcomposed ~50% of the birds. On those same surveys,
Low-water Connections, Salt Marsh, and both typesve saw 32 adult and 43 gosling Snow Geese and
of Deep Open Water. 8 adult and 16 gosling Canada Geese. On systematic
Yellow-billed Loons-Nesting locations of surveys during fall staging, we saw 1,656 Greater
Yellow-billed Loons have not changed much sincéVhite-fronted Geese distributed throughout the delta,
the 1980s; most nests are found in the central del&0 Snow Geese on the Outer Delta, and 1,276 Canada
between the Sakoonang and Elaktoveach channelseese primarily on the Outer Delta.
In 1998, more nests were found than had been Arctic and Red FoxesBuring seven years of
recorded ever before; we found 17 nests during asurveys, we have confirmed the location of 49 arctic
aerial survey of the delta and an additional 6 nestox dens and 5 red fox dens between the western
during follow-up aerial and ground surveys. Twoedge of the Colville Delta and the western edge of
nests occurred on lakes with no previous nestinthe Kuparuk Qilfield. Fifteen arctic fox dens and
records. We found 12 broods containing a total ob red fox dens are on the delta, 20 arctic fox dens are
15 young in 1998, the highest count of broods in siin the Transportation Corridor, and 14 arctic fox dens
years of surveys. Yellow-billed Loons built nests onare north and south of the Transportation Corridor.
peninsulas, shorelines, islands, and in emergemen occupancy by litters (23%) in 1998 was relatively
vegetation in six habitats, three of which werelow, but similar to occupancy in 1997. Only seven
preferred: Deep Open Water with Islands ordens had confirmed litters, and four dens were
Polygonized Margins, Aquatic Sedge with Deepsuspected to have litters. Two dens with litters were
Polygons, and Wet Sedge-Willow Meadow. Onlynorth of the Transportation Corridor, and the
three habitats were used during brood-rearing, angmaining five dens were on the delta. Litter size
all were preferred: Tapped Lake with High-wateraveraged 3.0 pups at 7 dens where litter counts were
Connection and both types of Deep Open Water. complete. In previous years, we have found
Brant—Most Brant nests (>1,100 nests) on thel1-67% occupancy by litters, with sizes averaging
Colville Delta occur near the mouth of the Eastfrom 3.1to 6.1 pups. Den sites occurred in elevated
Channel in what is referred to here as the Anachliknicrosites where soil was well drained and suitable
Colony-complex. We report on additional nest sitegor burrowing. Riverine and Upland Shrub was the
that were scattered across the delta in other locatioranly preferred habitat for fox dens on the delta and in
We found 91 nests in 21 locations with a total ofthe Transportation Corridor; it was also the most
285 Brant in 1998; the Alpine Facility Area containedfrequently used habitat on the delta, whereas most
2 nests. In 1998, we counted the highest numbeatens occurred in Moist Sedge—Shrub Meadow in the
Brant during brood-rearing on the delta since surveygransportation Corridor.
beganin 1988; 1,974 Brant (including 1,138 goslings)  Polar Bear—Although polar bears primarily
were counted at 13 locations. However, by the timérequent areas of frozen sea ice, a portion of female
of the fall-staging survey, only 293 Brant remainedbears make dens on land. Of 90 dens used by
on the delta. Brant nesting outside the Anachlikpregnant female polar bears from the Beaufort Sea
Colony-complex preferred Salt-killed Tundra andpopulation, 42% were on land. The Development
Aquatic Sedge with Deep Polygons. During broodArea contained a den site in the winter of 1996-1997.
rearing, Brant used mostly salt-affected habitats, budther den sites in the area have been reported from
showed a preference only for Brackish Water.
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the lower ltkillik River to Lower Kalubik Creek and

on the Beaufort Sea within 30 km of the delta.
Terrestrial den sites tend to be at bluffs along rivers,
streams, or lakes where deep snowdrifts can persist.

Grizzly Bear—Sixty grizzly bear dens have been
located by the Alaska Department of Fish and Game
between the Colville River and Kuparuk Oilfield.
Seventeen different bears used 42 of these dens during
the 1992-1993 to 1998—-1999 denning seasons. Most
dens in this area are located south of the
Transportation Corridor near the headwaters of the
Miluveach, Kachemach, and Kuparuk rivers. During
the winter of 19961997, a female bear bore three
cubs in a den along the East Channel, and two
subadult bears denned along the Sakoonang Channel.
In 1997-1998 and 1998-1999, one of these subadult
bears returned to den on the delta. During the summer
of 1997, we recorded 18 sightings of 21 bears,
representing at least 6 different bears.

Muskox—Muskoxen were introduced to the
Arctic National Wildlife Refuge in 1969 and 1970
after being extirpated in the late 1800s; subsequently
the introduced herds spread west and east. Sign of
muskoxen was observed in the western Kuparuk
Qilfield in the 1980s. We first saw large numbers in
the uplands east of the ltkillik River in May 1993,
and the population has grown since then to
99 muskoxen, including 19 calves, in 1997, although
we have not conducted comprehensive surveys. In
1998, however, we located only one group of
25 muskoxen, including 4 calves. Muskoxen in the
uplands typically move during summer to areas along
rivers and streams; in 1998, we repeatedly observed
mixed-sex groups of muskoxen (23-24 total) on the
east bank of the East Channel of the Colville River
and smaller groups along the lower Kachemach River,
at the Tarn road, along the Kuparuk River, and at the
coast near Milne Point.

Spotted Seal-Spotted seals in Alaska range north
from Bristol Bay to the Chukchi Sea and east to the
Beaufort Sea. They whelp, breed, and molt on the
pack-ice front from March through April and disperse
to nearshore waters during summer. They commonly
haul-out on islands, sand spits, and shoals from mid-
summer to late fall. In 1998, we saw 16 seals hauled
out on an island at the mouth of the Kachemach River
on 25 August and 4 at the south end of Anachlik
Island on 14 September. These counts of seals were
the highest since we began recording in 1996.
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INTRODUCTION by arctic and red foxes for denning, and by spotted
seals for fishing and for haul-out sites (Seaman et
The Colville River Delta (hereafter, Colville al. 1981). In recent years, the delta and adjacent
Delta or the delta) is one of the most prominent andreas have been visited increasingly by muskoxen
important landscape features on the Arctic Coastand brown bears, and the delta occasionally is used
Plain of Alaska, both because of its large size antbr denning by both brown and polar bears (see
because of the concentrations of birds, mammalseviews in Johnson et al. 1997).
and fishes that are found there. The Colville Delta  The primary goal of the Colville wildlife studies
also has attracted two permanent human habitationatways has been to collect data on the distribution
the Ifiupiaq village of Nuigsut and the Helmericksand abundance of selected species to be used as a
family homestead, both of which rely heavily onbaseline for conditions on the delta prior to oil
these fish and wildlife resources. Although oildevelopment, although the focal species that were
exploration on the delta has occurred intermittenthexamined and the boundaries of study areas varied
for several decades, only recently have plans tover the seven years of study (as better information
develop the area commercially proceeded beyondn the location of the oil reservoir became available).
the exploration phase. ARCO Alaska, Inc. (hereafteDuring a meeting with the U.S. Fish and Wildlife
ARCO) and its partner Anadarko PetroleumService (USFWS) in spring 1992, we agreed to focus
Corporation received federal permits for the Alpineon particular species, based primarily on the
Development Project on the central delta orfollowing criteria: 1) threatened or sensitive status,
13 February 1998, and construction began tha) importance of the delta as breeding habitat, or
spring. As part of the planning process, and ir8) special concern of regulatory agencies.
recognition of the regional and local importance ofAccordingly, Yellow-billed Loons, Tundra Swans,
the Colville Delta to a variety of interested parties Brant, Spectacled Eiders, King Eiders, caribou, and
ARCO initiated studies in 1992 to examine thearctic foxes were chosen for investigation (Smith et
biological, physical, and cultural resources of theal. 1993). Species that were not the focus of surveys
delta. In this annual report on the 1998 field seasoin 1992 but were monitored opportunistically
we present the results from our seventh year of studgicluded Red-throated Loons, Pacific Loons, Greater
of the wildlife resources on the Colville Delta. White-fronted Geese (hereafter, White-fronted
The Colville River drains a watershed of Geese), muskoxen, and red foxes. In 1993, we
~53,000 kmd, or ~29% of the Arctic Coastal Plain studied the same focal species but expanded the study
of Alaska (Walker 1976). The high-volume flow area for all species to the entire delta region (Smith
and heavy sediment load of the Colville River createt al. 1994). In 1994, we surveyed the delta only for
a large (551 ki), dynamic deltaic system in which eiders (Johnson 1995). In 1995, we expanded our
geomorphological and biological processes havetudies again to monitor the distribution and
created a diversity of lakes, wetlands, and terrestrialbundance of the same suite of species investigated
habitats. The delta supports a wide array of wildlifdn 1992 and 1993, and we added an investigation of
and is a regionally important nesting area for Yellow-habitat use by the focal species (Johnson et al. 1996).
billed Loons, Tundra Swans, Brant, and SpectacleWe continued with similar surveys in 1996—-1998.
Eiders (Rothe et al. 1983, North et al. 1984a, Meehan The overall goal of the studies in 1998 was to
and Jennings 1988; see Appendix A for scientificcontinue the multi-year baseline on the use of the
names). The delta also provides breeding habit&olville Delta by selected birds and mammals
for passerines, shorebirds, gulls, and predatory birdsetween late spring (May) and early fall (September).
such as jaegers and owls. In spring, the deltA separate study was initiated in 1998 to investigate
provides some of the earliest open water and snowthe effects of aircraft noise and disturbance on bird
free areas on the Arctic Coastal Plain for migratinguse of habitats near the Alpine airstrip (Johnson et
birds. In fall, the delta’s extensive salt marshes andl. 1999). Our specific objectives for the Colville
mudflats are used by geese and shorebirds for feedimgldlife studies in 1998 were to:
and staging. In addition to use by birds, the delta is
used seasonally by caribou for insect-relief habitat,
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1. monitor the distribution, abundance, and habitat The geographic extent of the wildlife
use of selected waterbird species during the préavestigations during 1992-1998 has varied because
nesting, nesting, brood-rearing, and fall-stagingof changes in exploration plans and potential
seasons; development scenarios. The boundaries of the

2. monitor the distribution and abundance ofwildlife study area in 1992 included several
caribou during the calving and post-calvingexploratory drill sites and extended from Kalubik
seasons; Creek on the east to the Nechelik Channel of the

3. locate fox dens and describe their habitaColville River on the west; thus, it included the entire
associations; and delta and a large area of adjacent coastal plain (Smith

4. monitor the distribution of other large mammalset al. 1993). That year we conducted intensive
in the study area. surveys for a variety of bird species on 6 plots

ranging from 46 to 61 kiin size. In 1993, the
locations proposed for drilling were expanded to
STUDY AREA include additional areas not included in the 1992
) _ study area. As a result, the study area boundaries
The study area in 1998 comprised severalso were extended in 1993 to include a 1,126-km
contiguous and overlapping areas in which thgock of the Kuparuk Uplands that adjoined the
distribution of wildlife was monitored. As defined g\ theastern portion of the 1992 study area and a
in this report, the Colville Delta survey area1o.knt area that included the mouth of the Itkillik
encompasses 551 Rand refers to that area betweengiyer (Smith et al. 1994). In 1994, we surveyed for
the westernmost and easternmost distributarygjgers only in a 478-kfrarea consisting of just the

channels of the Colville River; this survey areage|ta (Johnson 1995). In 1995-1997, ARCO
encompassed the sub-areas described below, excePbposed specific sites for facilities and

the Transportation Corridor (Figure 1)._ The_e”t@ranrastructure, so the wildlife study area
area within 1,000 m of the Alpine project airstrip encompassed those proposed sites on the delta and
and processing facility and within 200 m of theagjacent Transportation Corridor for evaluating
separate drill sites and the connecting road is calleggional-scale distributions of wildlife (Johnson et
the Facility Area (8.7 kfrtotal). As aresult of better 5] 1996 1997, 1998: Figure 1). In 1998, the entire

delineation of the oil reservoir and identification of yg|t3 was surveyed, but the Transportation Corridor
environmental and economic concerns, the locatio,as eliminated from the study area.

of proposed surface development (Facility Areaand  The Colville River has two main distributaries:
pipeline route) has been modified somewhat frompe Nechelik Channel and the East Channel. These
the original 1995 proposal (Johnson et al. 19960 channels together carry ~90% of the water
Figure 1) and a revised layout in 1996 (Johnson &fowing through the delta during spring floods and
al. 1997: Figure 1). The Alpine Development Areaggos of the water after those floods subside (Walker
(hereafter, Development Area; 169 3nncludes 1983). Several smaller distributaries branch from
both the Facility Area and that part of the deltahe East Channel, including the Sakoonang,
between the Nechelik and East (main) channels tpamayayak, and Elaktoveach channels. In addition
~2 km north of the proposed airstrip. The Outekq river channels, the delta is characterized by
Delta (352 krf) is that portion of the delta north of ,ymerous lakes and ponds, sandbars, mudflats, sand
the Development Area. Finally, the Western Deltaﬁunes, and low- and high-centered polygons
(31 knr?) is that portion of the delta west of the (walker 1983). The East Channel is deep and flows
Nechelik Channel that is bounded by a flood-plainnder ice during winter, whereas the Nechelik and
terrace adjacent to the westernmost distributangther channels are shallow and freeze to the bottom
Between the Colville River and the westernmost driliy winter. Decreased river flow during winter results
site in the Kuparuk Oilfield (DS-2M) lies the in an intrusion of salt water into the delta’s channels,
Transportation Corridor (343 Kinso called because yyith the depth of the river at freeze-up being the
it includes the pipeline route. main factor determining the inland extent of this
intrusion (Walker 1983). The Colville River flows
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through continuous permafrost for its entire lengthdelta throughout the summer, with the lowest levels
This extensive permafrost, combined with freezingoccurring in late summer and fall, just before freeze-
of the upper layer of surface water in winter,up (Walker 1983). Summers are cool, with
influences the volume, timing, and character of rivetemperatures ranging from —10°in mid-May to
flow and erosion within the delta (Walker 1983). +15°C in July and August (North 1986). Summer
Lakes and ponds are dominant physical featureseather is characterized by low precipitation,
of the Colville Delta. Most of the waterbodies areovercast skies, fog, and persistent winds that come
shallow (e. g., polygon pond® m deep), so they predominantly from the northeast. The rarer westerly
freeze to the bottom in winter but thaw by June. Deeprinds usually bring storms that often are
ponds (>2 m deep) with steep, vertical sides araccompanied by high, wind-driven tides and rain
common on the delta but are uncommon elsewher@Valker and Morgan 1964).
on the Arctic Coastal Plain. Lakes >5 ha in size are
common and cover 16% of the delta’s surface METHODS
(Walker 1978). Some of those large lakes are deep
(to 10 m) and freeze only in the upper 2 m; ice  In 1998, we conducted surveys for selected
remains on these lakes until the first half of Julywildlife species to assess their distribution,
(Walker 1978). Several other types of lakesabundance, and use of specific sites proposed for
including oriented lakes, abandoned-channel lakeslevelopment. In addition, we conducted habitat
point-bar lakes, perched ponds, and thaw lakes, occatudies to investigate what landforms and vegetation
on the delta (Walker 1983). types were most important seasonally to wildlife on
Many lakes on the delta are “tapped” (Walkerthe Colville Delta. Habitat studies consisted of
1978), in that they are connected to the river byanalyses of habitat selection by a subset of wildlife
narrow channels that are caused by thermokarspecies; habitat classification and mapping of the
decay of ice wedges between the river and adjacefolville Delta were initiated in 1995 (Johnson et al.
lakes and by the migration of river channels (Walked996) and completed in 1996 (Jorgenson et al. 1997).
1978). Channel connections allow water levels ifVe have included data from previous years in our
tapped lakes to fluctuate more dramatically than iassessments of distribution, abundance, and habitat
untapped lakes, resulting in barren or partiallyuse, when such inclusion was appropriate.
vegetated shorelines and allowing salt water to
intrude into some of these lakes. River sediments|ABITAT CLASSIFICATION AND
raise the bottom of these lakes near the chann IAPPING
eventually exposing previously submerged areas an
reducing the flow of riverine water to the most The development of a wildlife habitat
extreme flood events. Because tapped lakes and rivelassification was a three-step process: 1) field
channels are the first areas of the delta to beconsirveys of vegetation/soil/hydrology relationships;
flooded in spring, they constitute important staging?) development of an ecological land classification
habitat for migrating waterfowl in that season(ELC) that delineated terrain units, surface forms,
(Rothe et al. 1983). and vegetation across the study area; and
The delta has an arctic maritime climate (Walker3) derivation of a reduced set of wildlife-oriented
and Morgan 1964). Winters last ~8 months and arbabitat classes by combining ELC types. Detailed
cold and windy. Spring is brief, lasting only methods for the mapping and classification were
~3 weeks in late May and early June, and igpresented by Johnson et al. (1996). In 1996, the
characterized by the flooding and breakup of theccuracy of the habitat map was assessed by
river. In late May, water from melting snow flows Jorgenson et al. (1997).
both over and under the river ice, resulting in  The habitat classification was based on those
flooding that peaks during late May or the first weeandscape properties that we considered to be most
of June (Walker 1983). Breakup of the river iceimportant to wildlife: food, security (or escape), and
usually occurs when floodwaters are at maximakhelter. These factors may be directly related to the
levels. Water levels subsequently decrease in thguantity and quality of vegetation, plant species
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composition, surface form, soils, hydrology, and/ofyaABITAT SELECTION
microclimate. We emphasize here that wildlife
habitats are not equivalent to vegetation types. In  T0 assess the importance of various habitats to
some cases, we combined dissimilar Vegetation typéglld“fe on the Colville Delta, we evaluated habitat
because selected wildlife species either did not usgelection with detailed analyses for selected wildlife
them or used them to similar extents. ConverselygPpecies. We based the quantitative analyses of
wildlife use may differ between habitats with similar habitat selection by these species on the locations of
vegetation based on relief, soil characteristicsird groups, bird nests, and fox dens observed during
associated fauna, or other factors not reflected bgerial surveys (and ground surveys for fox dens only).
plant species composition. We also emphasize th&or each species, we calculated habitat use for
wildlife habitat classifications for the same regionapplicable combinations of season (e.g., pre-nesting,
may differ, depending on the wildlife species ornesting, and brood-rearing) and year of survey
species-groups being considered. A comparison dglifferent years, depending on the species). For each
habitat classifications previously used in this regiorffombination, we calculated
illustrated some of the differences among various
systems (Johnson et al. 1996: Appendix A8). In 1. numbers of adults, nests, young, or dens for
our study, we concentrated on breeding waterbirds ~ €ach habitat;
that use waterbody and wet- and moist-tundra types 2. Percent use of each habitat;
and on mammals and upland birds that use shrubland3- Percent availability of each habitat; and
and dry-tundra habitats. 4. selection index.

We collapsed 195 ELC class combinations into
an initial set of 49 wildlife habitat types that were W calculated percent use as the percentage of
based on a hierarchical classification of wildlife the total number of groups of birds, nests, nesting-
habitats (Table 1) used in several bird-habitat studig&lony locations, broods, or dens that were observed
in the nearby Prudhoe Bay Oilfield (Murphy et al.in each habitat. Use was calculated from group
1989. Johnson et al. 1990, Anderson et al. 19910cations for birds that were in flocks or broods,
Murphy and Anderson 1993). Included were severdf€cause we could not reasonably assume
new habitat types (e.g., Aquatic Sedge with Deefdependence of selecthn among individuals in these
Polygons, Deep Open Water with Islands odroups. For Brant colonies and fox dens (active and
Polygonized Margins, and various Tapped Lakdnactive combined), both of which generally are
classes) we added to the original system to recogniatic in location, we used the cumulative number of
habitats unique to the Colville Delta region. Weunique locations from all years in the analyses. For
further reduced the initial 49 wildlife habitat types @ll other species, the parameters were calculated for
by eliminating types that had both extremely smalfach year of survey. The avallaplllty_of each habitat
areas (<0.5% of the total area) and low levels ofvas the percentage of that habitat in the _total area
wildlife use and by combining similar types thatSurveyed. Except where noted, we considered all
apparently had similar levels of use. Combining@bitats within a survey area to be available.
habitat types was somewhat subjective andlowever, where the survey areas differed among
incorporated information from previous wildlife SPECi€s, years, and/or seasons, the availability of
investigations in the region (Bergman et al. 1977Nhabitats also differed. o
Kessel 1979, Martin and Moitoret 1981, Seaman et We used Ivlev's E ([% use — % availability] /
al. 1981, Troy et al. 1983, Spindler et al. 1984,[% use + % availability]; Iviev 1961) as an index
Meehan 1986, Nickles et al. 1987, Meehan an@f selection because it generates a value bounded
Jennings 1988, Murphy et al. 1989, Murphy andetween -1 and +1. Values near 0 indicate that
Anderson 1993) and from our knowledge of factordelative use equals relative availability, and values

important to the wildlife species under consideration"€@r —1 and +1 indicate use is less than availability
and use is greater than availability, respectively. We

calculated measures of multi-year selection by first
pooling the data for all years under consideration,
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Table 1. Habitat classification system for the Arctic Coastal Plain of Alaska (modified from Jorgenson

et al. 1989).
MARINE WATER MEADOW
Inshore Water Wet Meadows
Offshore Water Nonpatterned
Sea Ice Sedge Carex, Eriophorum
COASTAL ZONE Sedge—Gras<@arex, Dupontia

Nearshore Water
Open Nearshore Water (marine)
Brackish Water

Deep
without Islands
with Islands
with Polygonized Margins
Shallow
Tapped Lake (deltas only)
Dee
with low-water Connection
with high-water Connection
Shallow
with low-water Connection
with high-water Connection
Coastal Wetland Complex
Salt Marsh
Halophytic Sedge
Halophytic Grass
Halophytic Herb
Halophytic Dwarf Willow Scrub
Barren
Coastal Island
Coastal Beach
Cobble/gravel
Sand
Coastal Rocky Shore
Low
Cliffs
Tidal Flat
Salt-killed Tundra
Causeway
FRESH WATER
Open Water
Deep Open Water
Isolated
without Islands
with Islands
with Poglgonized Margins
Connecte
Shallow Open Water
without Islands
with Islands
with Polygonized Margins
River or Stream
Tidal
Lower Perennial
Upper Perennial
Deep Pools
Shallow
Riffles
Falls
Intermittent
Water with Emergents (shallow, isolated, or connected)
Aquatic Sedge Marsh
without Islands
with Islands
with Deep Polygons
Agquatic Grass Marsh
without Islands
with Islands
Agquatic Herb
without Islands
with Islands
BASIN WETLAND COMPLEX
Young (ice-poor)
Old (ice-rich)

Low-relief
High-relief (sedge—willow)
Moist Meadows
Low-relief
Sedge—Dwarf Shrub Tundra
Tussock Tundra
Herb
High-relief
Sedge—Dwarf Shrub Tundra
Tussock Tundra
Dry Meadows
Grass
Herb
SHRUBLAND
Riverine Shrub
Riverine Low Shrub
Willow
Birch
Alder
Riverine Dwarf Shrub
Upland Shrub
Upland Low Shrub
Mixed Shrub Tundra
Willow
Alder
Upland Dwarf Shrub
Dryas
Ericaceous
Shrub Bogs
Low Shrub Bog
Dwarf Shrub Bog
PARTIALLY VEGETATED
Riverine Barrens (including deltas)
Barren
Partially Vegetated
Eolian Barrens
Barren
Partially Vegetated
Upland Barrens (talus, ridges, etc.)
Barren
Partially Vegetated

Lacustrine Barrens (shore bottoms, margins)

Barren
Partially Vegetated
Alpine
Cliff (rocky)
Bluff (unconsolidated)
Barren
Partially Vegetated
Burned Area (barren)
ARTIFICIAL
Fill
Gravel
Barren or Partially Vegetated
Vegetated
Medium-grained
Barren or Partially Vegetated
Vegetated
Sod (organic—mineral)
Barren or Partially Vegetated
Vegetated
Excavations
Impoundment
Drainage Impoundment
Effluent Reservoir
Gravel
Barren or Partially Vegetated
Vegetated
Structure or Debris

1998 Colville Wildlife Report



Methods

then recalculating Ivlev's E with those pooled dataRed-throated loons. We concentrated our surveys

In addition to calculating habitat use and selectionfor mammals on arctic foxes, but we

we measured the distance on the digital map froropportunistically collected information on other

each location to the nearest waterbody habitat tepecies, such as brown bears, moose, and muskoxen.

evaluate the affinity of each species for waterbodiesA separate study was conducted for caribou in the
We tested for significant habitat selectionwestern segment of the Central Arctic Herd during

(i.e., use# availability) by conducting Monte Carlo 1998 (Lawhead 1999).

simulations (Haefner 1996, Manly 1997) on multi-

year data for each species. Each simulation usédDERS

random numbers (range = 0-100) to choose a habitat

from the cumulative frequency distribution of the nesting period (Table 2), and, as part of the airstrip

percent availability of habitat. The number of p,qiioring study (Johnson et al. 1999), we conducted

‘random choices” in a simulation was equal to they ., nd-hased surveys near the Alpine Facility Area
number of nests, dens, or groups of birds from whic

search for eider nests and broods. For the pre-
percent use was calculated. We conducted 1'O%sting survey, we used the same methods as in

simulations for each species and summarized thﬁrevious years (1992-1997), although the survey

frequency distribution by percentiles. We definedy o< differed in extent from those in some of those

habitat preference (i.e., use > availability) to 0cCUlo 45 1 1998, we flew surveys over the entire delta,
when the observed use by a species was greater thgfy 4iq not survey the Transportation Corridor. We
the 97.5 percentile of simulated random usege the pre-nesting survey with two observers (one
Conve_:rse_l_y, we defined habitat avoidance (i.e., USEn each side of the plane) and a pilot. The pilot
< availability) to occur when the observed use wag,,yigated with a Global Positioning System (GPS)
less than the 2._5 percentile of S|mulated_ random USEn flew east—west transect lines spaced 400 m apart.
These percentiles were chosen to achieve an aIpIEadCh observer visually searched a 200-m-wide
level (Type 1 error) of 5% for a two-tailed test. yanqect; thereby covering 100% of the survey areas.
Habitats with non3|gn|f|ca_nt selection (i.e., observedrhe strip width for this and other transect surveys
usez2.5 anck97.5 percentiles) were deemed to have ¢ gelimited visually by tape marks on the windows
been used approximately in proportion to theiry, \ing struts or skids of the aircraft (Pennycuick
availability. The simulations and calculations Ofand Western 1972). We recorded the locations of
percentiles were conducted in a Microsoft® Excelyigers on 1:63,360-scale habitat maps and used audio
spreadsheet on a personal computer. tapes to record numbers, species, and sex of eiders
and their perpendicular distance from the flight line.
WILDLIFE SURVEYS The locations of eiders were entered manually into

For the 1998 wildlife studies, we used both@ GIS database for mapping and analysis. _
fixed-wing aircraft and helicopters to fly aerial ~ From the data collected during the pre-nesting

surveys over the Colville Delta for selected aviarSU"VeY We calculated the observed number of birds,
and mammalian species (Table 2). In a separate stulf)f 0Pserved number of pairs, the indicated number
of the impacts of the Alpine airstrip on birds (Johnsorf! Pirds, the indicated number of pairs, and densities

et al. 1999), we conducted ground and helicoptefnumber/km) for each survey area. Following the
surveys near the Alpine Facility Area. As in previousJSFWS (19872) protocol, the total indicated number

years, the 1998 avian studies focused on th8f birds was calculated by first doubling the number
distribution and abundance of Spectacled Eider$! Males notin groups (a group is defined here as
King Eiders, Tundra Swans, Yellow-billed Loons, >4 Males), then adding this product to the number
Brant, and Greater White-fronted Geese durind! Pirds in groups. The indicated number of pairs
different seasons (detailed in the methods for eacf{2s the number of males. Density estimates were
species). During surveys, we collected additional'®t adjusted with a visibility correction factor.
information opportunistically on other waterbirds, ~ abitat selection was analyzed for locations of
such as Canada Geese, Snow Geese, and Pacific §hguPs (singles, pairs, or flocks) of eiders that were

In 1998, we flew aerial surveys during the pre-
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Table 2.  Descriptions of wildlife surveys conducted on the Colville River Delta and adjacent areas, Alaska, 1998.

Survey Phenological

Transect

Aircraft

Width Spacing Altitude

spoylan

Species Type Season Dates Aircrdft  (km) (km) (m) Area Surveyed
BIRDS
Eiders Aerial Pre-nesting 10, 11 June C185 0.4 0.4 30-35 Delta
Tundra Aerial Nesting 18-21 June C185 1.6 1.6 150 Delta
Swans
Brood-rearing  18-20 August C185 1.6 1.6 150 Delta
Fall staging 14 Sep. 206L n/a n/a 150 Delta
Loons Aerial Nesting 23, 24 June PA18 n/a n/a 30-40 Delta
Brood-rearing 23, 24 August 206L n/a n/a 30-70 Delta
Brant Aerial Nesting 15 June PA18 n/a n/fa 50-80° Portions of the Delta
Brood-rearing 27 July C185
Fall staging 21 August C185 n/a n/a 90 Delta
Other geese Aerial Brood-rearing 25, 26 July PA18 0.4 1.6 90 Delta
Aerial Fall staging 20, 21 August C185 0.4 1.6 90 Delta
MAMMALS
Foxes Aerial Denning 26-28 June 206L n/a n/a 30-90 Central and western portions of Outer Delta
Ground  Denning 10-13 July - - - - Delta (evaluation of pup production)
Spotted Seals  Aerial Late-summer opportunistic C185 n/a n/a 450 Colville River East Channel and distributaries south

to ltkillik River

#n/a = not applicable.
P C185 = Cessna 185 fixed-wing airplane; PA18 = Piper “Super Cub” fixed-wing airplane; 206L = Bell “Long Ranger” helicopter.
¢ Colonies were inspected from the lower altitudes.
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observed on the ground in the delta. For analysis afan be affected by a number of factors. First, swan
selection during the pre-nesting season, we usdafoods are less likely than swan nests to be missed
locations from aerial surveys in 1993-1998. The preby observers during aerial surveys (see Stickney
nesting survey in 1993 was flown at 50% coverageet al. 1992), thus inflating the estimated nesting
all other surveys were flown at 100% coverage. Fosuccess. Second, some broods probably are lost to
the survey flown at 50% coverage, we calculateghredation between hatching and the aerial survey,
habitat availability for the strips that were surveyedthus deflating estimated nesting success. Finally,
swan broods are mobile and can move into or out of
TUNDRA SWANS a survey area prior to the survey, thus biasing the

In 1998, we flew aerial surveysforTundraSwan§Stimated nesting success in either direction.

during the nesting, brood-rearing, and fall-stagindmm'grat'on and emigration of broods are less of a

seasons (Table 2). During nesting and brood-rearin ’roblem, however, for estimating nesting success in
rge, well-defined areas, such as the Colville Delta.

we conducted aerial surveys over the entire delta i \ _
accordance with USFWS protocols (USFWS 1987bThus, estimates based on aerial-survey data should
1991). We flew east-west transects spaced ({J[econsidered only relative indices of annual nesting
1.6-km intervals in a fixed-wing airplane that wasSUY¢C€sSS: _

navigated with the aid of a GPS receiver. The twg_ abitat selection was calculated for Tundra
observers (one on each side of the plane) each visuafRyvan nests and broods Lor each year surveyed. Each
searched 800-m-wide strips while the pilot navigategt"vey Was flown at 100% coverage, so we used the
and scanned for swans ahead of the aircraféntire Colville Delta for calculating available

Locations and counts of swans were marked OHabitats. We calculated the selection indices from

1:63,360-scale USGS maps. The same methods Wérg—z locations of each nest or brood. Although some
used for nesting and brood-rearing surveys on th f the nest sites were used in multiple years, we were

delta in 1993, and 1995-1997 (Smith et al 19940t able to distinguish these sites objectively from
Johnson et al. 1998). Beginning in 1995 wePthers where nests were close, but not in exactly the

photographed each nest with a 35-mm camera fcﬁame_location, in co_nsecutive years. None of the
site verification. During nesting in 1992, the survey1€St sites were used in all the years that surveys were
on the delta differed from those of other years, irffonducted. Hawkins (1983) found 21% of the swan
that it was flown along east-west survey lines spacddESts on a portion of the Colville Delta were on
2.4 km apart (Smith et al. 1993). During brood-rearing'Unds used the previous year. Monda etal. (1994)

in 1992, parallel lines oriented northeast—southwedpund that 49% of the nests in the Arctic National
were flown at ~2.4-km intervals. Wildlife Refuge were on mounds used previously

In 1998, a helicopter was used to fly the fa”_and that nest sites reused from previous years were

staging survey for swans. We flew over all sites/19Ntly more successful than new nest sites.
previously documented as areas of swan staginEhe_refore' to dfalete multl-_year nest sites from the
activity and also flew roughly parallel north-southN@bitat analysis could bias the results towards
paths over the river channels and central portion di2Pitats selected by less experienced and less

the delta; these lines extended from the coast souficcessful pairs. To avoid potential bias, we have
to roughly 70°15' N latitude. We also flew over chosen to include all nest sites, while recognizing

the embayment lying west of the Nechelik Channeﬁhat all locations may not be annually independent.

that receives the outflow of the Tingmeachsiovik
River and Fish Creek. LOONS

We summarized numbers of swans, nests, and In 1998, we used a fixed-wing aircraft to survey
broods and calculated densities for each season ftor nesting loons and a helicopter to survey for
the Colville Delta. No corrections were made forbrood-rearing loons (Table 2). We used the same
sightability. Nesting success was estimated from thmethods in 1995-1997 (Johnson et al. 1996, 1997,
ratio of broods to nests counted during aerial survey4.998), whereas we flew both the nesting and brood-
The accuracy of these estimates of nesting successaring surveys in a fixed-wing aircraft in 1992 and
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Methods

1993 (Smith et al. 1993, 1994). We flew all surveyqTable 2). Methods for our Brant surveys were similar
in a lake-to-lake pattern, concentrating on lakeso those used since 1989 for surveys of Brant between
~10 ha or larger in size and adjacent smaller lakeshe Colville and Sagavanirktok rivers (Ritchie et al.
we excluded coastal lakes and tapped lakes with low:990, Anderson et al. 1999). The survey area
water connections to river channels, where Yellowextended up to 15 km inland from the coast on the
billed Loons have not been observed to nest (Northelta.
1986, Johnson et al. 1997). We used the 10-ha-size Nesting surveys for Brant were flown lake-to-
criterion in 1995-1998 to concentrate our efforts oake along a predetermined path that included known
Yellow-billed Loons, which typically nest and rear colony sites and lakes with numerous islands
their broods on lakes10 ha (Sjolander and Agren (i.e., potential colony sites). We did not survey the
1976, North and Ryan 1989). During the nestingAnachlik Colony-complex (nesting colonies at the
season in 1996-1998, we revisited with a helicoptemouth of the East Channel), specifically to avoid
those lakes in the Delta survey area where Yellowdisturbing the large number of nesting birds there
billed Loons had been seen but nests were not four{@1,100 nests; USFWS, unpubl. data). We recorded
on the initial aerial survey to determine whethera nest wherever we saw either a down-filled bow! or
nesting was occurring. We also recorded locationan adult in incubation posture, and mapped all
of nesting and brood-rearing Pacific and Red-observations on 1:63,360-scale USGS maps. Our
throated loons during all surveys. However, surveyserial counts of Brant and their nests should be
for these two species were not thorough, becausmnsidered minimal numbers because incubating
we did not systematically search small lakesBrant are inconspicuous, unattended nests are
(<10 ha), which frequently are used by these speciekfficult to see, and the number of passes flown over
for nesting and brood-rearing (Bergman and Derksea colony purposely was limited to minimize
1977). We recorded all loon locations ondisturbance. Following the nesting survey, we did a
1:63,630-scale USGS maps. follow-up survey with a helicopter to visually
In 1998, we conducted intensive searches bidentify the habitat that contained known colonies.
helicopter (3, 4 July, 24 August) of all waterbodies  During brood-rearing and fall staging, we
in the Facility Area for nesting and brood-rearingcollected information on Brant during non-systematic
loons with methods similar to those in 1996 andcoastal surveys, which followed the shorelines of bays,
1997. We recorded locations of nests and broods aofeltaic islands, and river channels that extend ~10 km
all three loon species on 1:63,360-scale USGS magpisland. The brood-rearing survey was flown at 90 m
We calculated the total number of adults, nestsagl with one observer, and the fall-staging survey was
broods, and young by season for all three species @ibwn at the same altitude with two observers. We
loons. We calculated density (humberfkonly for  tallied the number of Brant observed during all surveys
Yellow-billed Loons because our survey coverageand compared those totals to numbers observed in
for Pacific and Red-throated loons was inadequatprevious years. No corrections were made for
for estimating density. For the Outer Delta, wesightability. All locations were added to the GIS
analyzed data from only that portion of the total are@atabase.
that was surveyed in both the nesting and brood- We calculated habitat selection values only for
rearing seasons for 1993 and 1995-1998. Habit#ihat portion of the Outer Delta that was surveyed
selection was calculated for Yellow-billed Loon nestsannually. Because Brant tend to nest in the same
and broods in the Delta survey area for each yearolony locations each year, we based habitat
surveyed. We calculated selection indices based @election on the cumulative number of nesting colony
nests found in 1993, 1995-1998 and on broods foung1 nest) locations observed for all years surveyed

in 1995-1998. (1992, 1993, and 1995-1998). We used the number
of nesting colonies in each habitat in our analysis
BRANT AND OTHER GEESE rather than the number of nests in each colony

In 1998, we flew aerial surveys for Brant during (8/though we report the number of nests), because

nesting, brood-rearing, and fall staging and for Othelpdlwdual nest locations within colonies are unlikely

geese during brood-rearing and fall stagingIO be independent of each other. We also analyzed
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Methods

habitat selection by brood-rearing Brant for those yearsampled vegetation in play areas or beds; shed fur;
with comparable coastal surveys. prey remains; and signs of predation (e.g., pup
In 1996-1998, we also conducted systematicemains). We classified dens into four categories
surveys for all geese during the brood-rearing anffollowing Burgess et al. 1993); the first three of
fall-staging seasons (Table 2). These surveys wesghich are considered to be “occupied” dens:
flown at 90 m agl on east—west flight lines that were
1.6 km apart. Two observers (including the pilot) 1) natal—dens at which young were whelped,
searched a 400-m-wide strip on either side of the characterized by abundant adult and pup sign
plane, thereby achieving 50% coverage of the survey  early in the current season;
area. As during other surveys, we recorded species,2) secondary—dens not used for whelping, but
numbers, and locations on 1:63,360-scale USGS used by litters moved from natal dens later in
maps. Coverage in 1996 was equivalent to 25% of  the season (determination made from sequential
the study area (one observer), whereas coverage in  Visits or from amount and age of pup sign);
1997 and 1998 was 50% (two observers). In addition 3) active—dens showing evidence of consistent,
to these surveys, we opportunistically collected  heavy use, and suspected to be natal or
information on geese during surveys for eiders, swans, secondary dens, but at which pups were not

and loons. seen; or
4) inactive—dens with either no indication of use
FOXES in the current season or those showing evidence

of limited use for resting or loafing by adults,

We used aerial and ground-based surveys to but not inhabited by pups.

evaluate the distribution and status of arctic and red
fox dens on the Colville Delta and Transportation Because foxes commonly move pups from natal

Co(rjridor in 1998 (Tablek2). Weé:lssessedhdle_n statlns to secondary dens, repeated observations during
an pupdpresendce_ "?“ an.Wn 268238 on he 'Cgp:]efhe denning season are needed to classify den status
Supporte groun visits uring 25— June, and thefi, confidence. As we have since 1996, we invested
returned to active dens during 10-13 July to co_uné fair amount of effort to confirm den occupancy
pups. Most of our survey effort focused on checklngind to count pups. Based on our initial assessment

dens found in previous years, although we als f den activity, observations during 10-13 July were
searched opportunistically for dens along banks o evoted to counting pups at as many active dens as

(rj]ratl)i_ned-larlf_le basin_s_ ang other Skuitablz denninrgossible. Observers were dropped off by helicopter
abitats while transiting between nOwn dens. o t suitable vantage points several hundred meters
28 June 1998, we conducted asystematlcsurveyf('a'rom den sites, from which they conducted

fox (_jens in the Outer Delta survey area (WeSt,°f th8bservations with binoculars and spotting scopes
Kupigruak Channel), an area lightly surveyed in our

. ; 4v. Soil di b (iver periods of 2.5-4 h. Observations usually were
previous years of study. Soll disturbance anq,,qcteq early and late in the day, when foxes tend
fertilization by foxes at den sites results in a

h teristic. lush flora that mak il (? be more active.
charactenstic, ush liora that maxes p(‘?rennla y},]se Denning habitat selection was calculated using
sites easily visible from the air after “green-up” of

ion (Ch 969. G | 1983 onte Carlo simulations based on the total number
vegetation (Chesemore 1969, Garrott et al. 1983ajy dens located for both arctic and red foxes during

Green-up occurs earlier on traditionally used dengq,_ 1998 in the Delta and Transportation Corridor

Elt(;:sftrllgnlon surro dundmg tunollra, a (rllllfferzggce thst Iiurvey areas. We used the total area of all terrestrial
elpiulin locating dens as early as the third Week of, 5 hiiats in our measure of habitat availability,

June. excluding waterbodies and other aquatic habitats that

During ground visits, we evaluated evidence Ofobviously could not be used for denning. In the

gse bnyorles gnd éonflrmedlghseospemes us('jnghth?election analysis, no distinction was made between
en. Following Garrott ( ), W.e used the, ive (including natal and secondary) and inactive
following fox sign to assess den status: presence%fn& because den status can change annually. Only

absence of adult a”‘?' pup f.oxgs; Presence anbqs that we visited, confirmed, and mapped on aerial
appearance of droppings, diggings, and tracks;
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photographs were included in the habitat selectioincreased 0.02% as a result of the remapping, and

analysis. individual habitats changed from 0 to 0.192dm
size.

OTHER MAMMALS Basin Wetland Complexes were rare on the delta

Incidental observations of grizzly bears,bUt were particularly important features of the

muskoxen, and other mammals were recorded durin&anspo_rtation Corridor, where they were composed
aerial and ground-based surveys for waterbirds, fof! @ variety of moist, wet, and aquatic habitats. In
dens, and caribou (Lawhead 1999). On 2 June 1998Ur usage, Basin Wetland Complexes are portions

we flew a reconnaissance (non-systematic) surve?/f thaw-lake basins that encompass areas containing

specifically for muskoxen in the uplands east of thé COMPlex mosaic of habitat patches, the components
Itkillik River with a fixed-wing airplane. Den of which were smaller than the scale of mappable

locations of grizzly bears and polar bears wer&Nits (<0.25 ha for waterbody habitats and <0.5 ha

obtained from agency biologists (R. Shideler ADFGfor terrestrial habitats). Most habitats within thaw-
Fairbanks; S. Schliebe, USFWS Marine Mammald2Ke basins, however, were large enough to map as
Management, Anchorage: and S. Amstrup, USGglstlnct, rather homogenous types (e.g., emergent

Biological Resources Division, Anchorage) and fromdass. shallow lakes). - Therefore, Basin Wetland
existing literature. Complexes are not strictly equivalent to thaw-lake

basins, and the areas calculated for these complexes
represent only a small portion of the total area
RESULTS AND DISCUSSION covered by thaw-lake basins. Although the total area
of thaw-lake basins could be calculated from the ELC
HABITAT CLASSIFICATION AND terrgln unit classifications (old and young thf’:lV\{
basins plus the surface area of waterbodies within
MAPPING the basins), the larger thaw-basin concept was not
Psed because it involves classifying ecosystems at a

We aggregated the 195 classes (terrain uni . : )
ggreg ( ﬁqlﬁerent scale, and a wide variety of stages occur in

surface-form, and vegetation combinations; se
Johnson et al. 1996) identified by the ecological lan .
classification into a set of 23 wildlife habitat typesOf habitat use. . . .

for the Delta survey area and 18 habitat types for the Because of our interest in reducing the number

Transportation Corridor; the latter area was no f hab't‘?‘ts to fa(:|||t_ate anal_yses and their
surveyed in 1998 (Figure 2, Table 3) Thispresentatlon,some habitats may include some rather

. : ._dissimilar ecological land classes. For example, the
aggregation resulted in 12 waterbody, 10 terrestria : : ’
ggreg y Elverlne and Upland Shrub class combined tall

and 2 wetland-complex types. The habitats arWi“OWS on the floodplains wittDryas tundra on

described in Appendix B, and a list of plant taxa land rid b tBevas tund q
found within them are reported in Johnson et g/Upland riages, because yaos undra covere
(1996). such a small percentage (0.1%) of the total area.

On the delta, the most abundant habitats wer _|m|IarIy, we combined se_veral ELC cla'_sses with
ifferent surface-forms into one habitat type

Wet Sedge—Willow Meadow (19% of the total area), ) :
River or Stream (15%), Barrens (14%), and Tida‘e'g'.' Wet Sedge—Wlllovy Meadow combined areas
f high- and low-density polygons). A cross-

Flat (10%) (Table 3). Other habitats that were Iesg]c bet habitat ol d oth
common but were unigue to the delta included ©'€rence between our habitat classes and other

Brackish Water (1%), Tapped Lake with Low-waterVildlife habitat classifications that have been used
Connection (4%), Salt Marsh (3%), Salt-killed on the Arctic Coastal Plain was presented by Johnson
Tundra (5%), and Aquatic Sedge with Deepet al. (1996).

Polygons (2%). The area and percent availability of

some habitats differs from those presented in earlier

reports (Johnson et al. 1996, 1997, 1998) as a result

of conforming the wildlife base map to a more detailed

map of the Facility Area. The total area of the delta

aw-basin evolution that could confound analyses
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Results and Discussion

Table 3.  Availability of wildlife habitat types in the Delta survey area, Colville River, Alaska, 1998.
Area  Availability

Habitat (km?) (%)
Open Nearshore Water (marine) 10.28 1.9
Brackish Water 6.50 1.2
Tapped Lake w/ Low-water Connection 21.40 3.9
Tapped Lake w/ High-water Connection 20.40 3.7
Salt Marsh 16.36 3.0
Tidal Flat 55.99 10.2
Salt-killed Tundra 25.62 4.6
Deep Open Water w/o Islands 23.32 4.2
Deep Open Water w/ Islands or Polygonized Margins 5.15 0.9
Shallow Open Water w/o Islands 2.30 0.4
Shallow Open Water w/ Islands or Polygonized Margins 0.54 0.1
River or Stream 81.88 14.8
Aquatic Sedge Marsh 0 0
Aquatic Sedge w/ Deep Polygons 13.59 25
Aquatic Grass Marsh 1.37 0.2
Young Basin Wetland Complex <0.01 <0.1
Old Basin Wetland Complex 0.01 <0.1
Nonpatterned Wet Meadow 41.92 7.6
Wet Sedge-Willow Meadow 102.37 18.6
Moist Sedge—Shrub Meadow 13.40 24
Moist Tussock Tundra 2.53 0.5
Riverine or Upland Shrub 27.42 5.0
Barrens (riverine, eolian, lacustrine) 79.03 14.3
Artificial (water, fill, peat road) 0.02 <0.1
Total 551.42 100

EIDERS 1959, Kistchinski and Flint 1974, TERA 1995). The

latest record of Spectacled Eiders on the Colville
BACKGROUND

Delta is 28 August (Gerhardt et al. 1988).

Spectacled Eiders are uncommon nesters King Eiders nest in high densities in the Prudhoe
(i.e., they occur regularly but are not found in allBay area (Troy 1988) and at Storkersen Point
suitable habitats) on Alaska’s Arctic Coastal Plain (Bergman etal. 1977), but densities appear to decline
and tend to concentrate on large river deltas (Johnsdiest of the Colville River (Derksen etal. 1981). On
and Herter 1989). Derksen et al. (1981) describef® Colville Delta, they are common visitors but
them as common breeders in the National PetroleutiCOmmon or rare nesters (Simpson et al. 1982,
Reserve-Alaska (NPR-A), but uncommon east ofNorth et al. 1984_b, Johnson 1995). King Eiders
there at Storkersen Point. Spectacled Eiders arriveccur frequently in flocks on open channels and
on the Colville Delta in early June, and the dates folvaterbodies in early June, after Spectacled Eiders
the first nest in different years have ranged fronf?@ve dispersed to nesting habitats (Johnson 1995);
8 to 24 June (Simpson et al. 1982, North et al. 19845hus, King Eiders possibly arrive on the delta slightly
Nickles et al. 1987, Gerhardt et al. 1988). Ma|elater_and/orthe_y use the delta as a staging area before
Spectacled Eiders leave their mates and nesting are@¥Ving to nesting areas farther east.
after incubation begins (Gabrielson and Lincoln
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Results and Discussion

Common Eiders are rare on the Colville Delta  The distribution of both Spectacled and King
(Simpson et al. 1982, Renken et al. 1983, North atiders in 1998 was similar to that recorded on surveys
al. 1984hb, Johnson et al. 1998); a pair was seen orflawn in 1993-1997 (Figures 3 and 4). Spectacled
pre-nesting survey in 1992 (Smith et al. 1993), andnd King eiders on the Colville Delta were closely
one nest was found on an island in the outermostssociated with coastal areas in all years
delta in 1994 (Johnson 1995). Recent records dfigures 3 and 4). During pre-nesting in 1998, groups
Steller’'s Eiders east of Point Barrow are scan{singles, pairs, or flocks) of Spectacled Eiders were
(Johnson and Herter 1989). Five Steller's Eidergound no farther than 9.7 km from the coastline, and
were seen briefly on the delta in June 1995 (J. Barthe mean distance was 3.7 km=(34 groups). From

Boise State University, pers. comm.). 1993 to 1998, the farthest inland Spectacled Eiders
were seen during pre-nesting was 14.0 km, and the
DISTRIBUTION AND ABUNDANCE mean distance was 4.0 kg 175 groups). Derksen

et al. (1981) reported that Spectacled Eiders in the
NPR-A were attracted to coastal areas and
In 1998, we conducted our pre-nesting surveXistchinski and Flint (1974) found the highest
on 10 and 11 June, during the same time period th@ymbers of Spectacled Eiders in the maritime area
surveys were flown in previous years (10-14 Junelpn the Indigirka delta, although they estimated that
with the exception of 1997 (12-20 June; Johnson frea extended inland 40-50 km from the sea. King
al. 1998). The early snow meltin 1998 was similaiEjders on the Colville Delta had a similar affinity
to that in 1996, but in Sharp contrast to the late SNOYHr the coast: the maximal distance a group was
melt in 1997. Snow cover was essentially gongound from the coast between 1993 and 1998 was
(small remnants persisted where snow had drifted4.2 km, and the mean was 5.5 kms(101 groups).
along banks of streams or lakes) by the firstweek of |5 1998, Spectacled Eiders were the numerically

June in 1998 and 1996, whereas snow cover rangefminant eider species during the pre-nesting survey
from 25 to 30% in the second week of June 19979 the delta. We counted 71 Spectacled Eiders

Although we did not monitor nest initiation dates,(549), 57 King Eiders (44%), and 3 (2%)

the early snow melt and thawing of lakes probablyinidentified eiders (Table 4). The relative species
resulted in relatively normal timing for nest initiation composition on the delta in 1998 was similar to that
compared to the last six years. Inthe nearby Kuparulk 1994, 1995, and 1997, when Spectacled Eiders
Qilfield, Spectacled Eider nests hatched on 10 JUlhomprised the majority of eiders seen (Johnson 1995,
1996 (one nest) and 11 July 1998 (two nests), bufohnson et al. 1996). In 1993 and 1996, however,
hatch was delayed till 14, 17, and 20 JUly for thre@)pectac|ed Eiders were the minority Species,
nests in 1997 (Anderson et al. 1999). representing 44% and 39%, respectively, of all eiders
The timing of the pre-nesting survey appeare&ounted on the delta (Smith et al. 1994, Johnson et
to be slightly earlier in 1998 than in most previousa|. 1997). For the first time since 1992, we observed
years with regard to the disintegration of flocks intOCc)mmon Eiders on an aerial survey of the delta; we

breeding pairs. Most (79%) of the Spectacled Eidegaw three pairs and a lone male in three different
groups were singles or pairs, suggesting that many @cations in 1998.

the birds that had dispersed to breeding habitat. On Densities of Spectaded Eiders in 1998 were

previous pre-nesting surveys, the proportion of groupsimilar to those in 1993-1995 and 1997, and no trend
of Spectacled Eiders that were either singles or paifgas apparent in densities during the last six pre-
ranged from 73% to 100%x(= 86%,n=5). In  nesting seasons (Figure 5). In 1998, the uncorrected
1998, as in previous years, we found a highedensity (i.e., raw counts of birds that were
percentage of single birds and pairs for Spectaclegincorrected for sightability) of flying and non-flying
Eiders than for King Eiders. The percentage of KingSpectacled Eiders on the Delta survey area was
Eider groups that were single birds or pairs was 62%.14 birds/km (Table 4). Because of changes in
in 1998 and has ranged from 46% to 78%6(65%, study area boundaries over the years, that density is
n = 5) on past surveys. not strictly comparable to the densities reported for
1993-1995 (Smith et al. 1994, Johnson 1995,

Pre-nesting
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Results and Discussion

Table 4. Numbers and densities (uncorrected for sightability) of eiders seen during aerial surveys
(100% coverage) of the Delta survey area (523 k8vlville River, Alaska, 10-11 June 1998.

Numbers of Eiders Density (birds or pairsfiym

Observed Indicated Observed Indicated
Species Males Females Total Tétal Paird Total Total  Paird
NON-FLYING BIRDS
Spectacled Eider 35 25 60 70 35 0.11 0.13 0.07
King Eider 9 8 17 18 9 0.03 0.03 0.02
Common Eider 1 1 2 2 1 <0.01 <0.01 <0.01
FLYING BIRDS
Spectacled Eider 11 0 11 16 11 0.02 0.03 0.02
King Eider 22 18 40 44 22 0.08 0.08 0.04
Common Eider 1 0 1 2 1 <0.01 <0.01 <0.01
NON-FLYING + FLYING BIRDS
Spectacled Eider 46 25 71 86 46 0.14 0.16 0.09
King Eider 31 26 57 62 31 0.11 0.12 0.06
Common Eider 2 1 3 4 2 0.01 0 <0.01

2 Total indicated = (number of males not in grou®) + number of birds in groups (see USFWS 1987b).
® Pairs indicated = number of males.

Johnson et al. 1996). Recalculating these densitid3uring the pre-nesting survey in 1998, we saw no
for an area surveyed in 1994 (478 %rthat was eiders in the Development Area or the Facility Area.
common to all six years of study resulted in ann 1997, we saw four Spectacled Eiders and eight
estimated density of 0.15 birds/kin 1998, slightly  King Eiders in the Development Area (Table 5). On
lower than the peak density measured in 1994erial surveys in previous years, no more than four
(Table 5). The lowest density on the deltaSpectacled Eiders and five King Eiders were seen
(0.09 birds/kr) was observed in 1996, but that year'sin the Development Area. Only one pair of
survey was affected by the relatively early departur&pectacled Eiders (in 1993) and one pair of King
of males from the breeding grounds (Johnson et akiders have been seen in the Facility Area on pre-
1997). Densities on the delta were higher thamesting aerial surveys in previous years.
densities observed in the nearby Kuparuk Qilfield  Of all the areas surveyed on the delta, the Outer
from 1993 to 1998 and Transportation Corridor (theDelta consistently contained the highest density of
pipeline route between Kuparuk Oilfield and the deltaSpectacled and King eiders (Table 5). In 1998, the
from 1993-1997, with the exception of 1993, wherdensity of Spectacled Eiders in this area
an unusually high density was recorded on the first0.20 birds/km) was the highest since 1994. The
of two surveys in the Kuparuk Oilfield. density of King Eiders in 1998 (0.16 birdsRmwas
The density of King Eiders in 1998 equal to previous high values.
(0.12 birds/km) in the common survey area Overall, the distribution of eiders on the delta
(478 kn?) was the second highest observed sinc&vas consistent annually. Except for a decline in King
1993 (Table 5). As with Spectacled Eiders, no annudtiders from 1994 to 1995, annual changes in
trend was apparent on the delta, but densities on tledundance were relatively minor, however, with
delta have been dramatically below those in theurvey timing (relative to arrival and nest initiation)
Transportation Corridor and Kuparuk Oilfield in all contributing to the variation.
years (1993-1997) but 1993 (Figure 6).
Within the Delta survey area, neither theNesting
Development Area nor the Facility Area appears o tpo northern portion of the delta, where eiders
be important to breeding eiders (Figures 3 and 4)ﬂended to concentrate during pre-nesting
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Table 5.  Numbers and densities of eiders during pre-nesting in the Delta and Transportation Corridor
survey areas, Colville River, Alaska, 1993-1998. Counts were made from fixed-wing aircraft
in early June (Johnson et al. 1998, this study). Survey areas varied in size among years but
are adjusted here to the area common to all six years; therefore, numbers and densities may
differ from those reported for the original survey areas. See Figure 1 for survey areas.

1998 1997 1996 1995 1994 1993
Birds Birds Birds Birds Birds Birds
Area Species No. /kn No. /km? No. /knf No. /kn? No. /knf No. /kn?

Delta (478 krf)®
Spectacled Eider 71 0.15 59 0.12 41 0.09 61 0.13 79 0.17 31 0.13

King Eider 57 0.12 49 0.10 53 0.11 30 0.06 58 0.12 34 0.14

Common Eider 3 0.01 0 O 0 O 00 0 0 0 O

Unid. Eider 00 1 <0.01 4 0.01 15 0.03 4 0.01 3 0.01
Development Area (126 Kin

Spectacled Eider 00 4 0.03 0 0 2 0.02 4 0.03 4  0.06

King Eider 00 8 0.06 4 0.03 00 1 0.01 5 0.08

Unid. Eider 00 0 O 0 0 2 0.02 0 0 1 0.02
Facility Area (9 knf)

Spectacled Eider 00 0 O 0O O 00 0 0 2 043

King Eider 00 0 O 2 0.22 00 0 0 0 0.00

Outer Delta (352 ki)
Spectacled Eider 69 0.20 55 0.16 41  0.12 59 0.17 75 0.21 27 0.15

King Eider 57 0.16 39 0.11 49 0.14 30 0.09 57 016 29 0.16

Common Eider 3 0.01 0 O 0O O 00 0 0 0O O

Unid. Eider 00 0 O 4 0.01 13 0.04 4 0.01 2 0.01
Western Delta (31 kfi

Spectacled Eider 2 0.06 0 O 0 0.00 0 0.00 - - 0 0.00

King Eider 00 2 0.07 6 0.20 4 0.13 - - 5 0.32
Transportation Corridor (274 14/

Spectacled Eider - - 20 0.07 0 O 9 0.03 - - 7 0.05

King Eider - - 212 0.77 162 059 240 0.88 - - 31 0.23

Unid. Eider - - 0 O 1 <0.01 00 - - 1 0.01

@ Coverage of survey areas in 1993 was 50% of that in 1994-1998.
® Although the delta encompassed 55% konly 478 knmi were common to 6 years of surveys.
° The Transportation Corridor was not surveyed in 1998.

(Figures 3 and 4), also is where eiders appear the Outer Delta that had supported Spectacled Eider
nest most commonly. We have not found anynests in the past and found three Spectacled Eider
documented nest locations that were farther thanests (one identified by contour feathers) and two

13 km from the coast (Figures 7 and 8), although wanidentified eider nests. Nest searches in some of
must emphasize that coverage during nest searchitigose areas in 1994 produced 17 Spectacled Eider
has never been complete on the delta. In foumests, 3 King Eider nests, and 1 Common Eider nest
consecutive years (1995-1998), we searched ne@fohnson 1995). Smith et al. (1994) found seven
the Facility Area and found only one SpectacledSpectacled Eider nests (5 identified by contour

Eider nest (in 1998) and only one probable Kingfeathers), and one unidentified eider nest in 1993.
Eider nest (in 1996; identification based on coloin 1992, when nest searches were restricted to two
patterns of contour feathers in the nest; Andersof0-ha study plots (one on the Outer Delta and one in
and Cooper 1994). Both eider nests were on thiéne Development Area), only one Spectacled Eider
east side of the Sakoonang Channel, more thamest was found, which was on the Outer Delta (Smith
1 km from the Alpine airstrip; however, the et al. 1993). Eleven Spectacled Eider nests were
Spectacled Eider nest was within 1 km of the Pad fiecorded on the Colville Delta during bird studies

footprint. In 1996, we also searched eight areas otonducted from 1981 to 1987 (Renken et al. 1983,
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Figure 7. Distribution of Spectacled Eider nests located during ground searches in the Delta survey area,
Colville River, Alaska, 1958, 1959, 1984, and 1992-1998. Locations are from T. Myres
(1958, 1959, unpubl. data), M. North (1984, unpubl. data), Smith et al. (1993, 1994), Johnson
et al. (1998), and this study. Nest locations and search areas do not represent all nesting areas
for eiders.
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the Delta survey area, Colville River, Alaska, 1958, and 1992-1998. Locations are from T.
Myres (1958, unpubl. data), Smith et al. (1993, 1994), Johnson et al. (1998), and this study.
Nest locations and search areas do not represent all nesting areas for eiders.
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Rothe et al. 1983, North et al. 1984b, Nickles et alcoloration and furtive behavior of female eiders and
1987, Gerhardt et al. 1988); however, we were abltheir young effectively prevents their detection.

to obtain the location of only four of these nestsDuring ground searches for broods in 1993,
(M. North, unpubl. data). The earliest records well Spectacled Eider broods with 42 young were
have found for nests are two Spectacled Eider nestsund (Smith et al. 1994). One brood with 3 young
on the Outer Delta in 1958 and four in 1959occurred in the Facility Area, and the remaining
(T. Myres, unpubl. data). Four of the nests found irL0 broods all occurred in the Outer Delta.

1993 and 1994 were on the same lakes as the nests

from these earliest records (Figure 7). HABITAT SELECTION

Possibly because we have focused the nest g, gpectacled and King eiders showed strong

searches on Spectacled Eiders, we have found fé¥yoterences for waterbodies during all portions of

nests of other eider species on the delta. Morg,o breeding season. On the delta, pre-nesting

probable, however, is that the delta does not SuppO& e iacled Eiders preferred habitats that occurred
much nesting by other eider species. Similar seargy,» e coast, whereas King Eiders preferred river

53% of the 178 nests found in six years belonged 1, »jng seasons, the two species appear to use similar
King Eiders (Anderson et al. 1999). In seven yearg spitats.

of nest searching on the delta, only 22% of 37 nests
belonged to species other than Spectacled Eidersye_pesting

one Common Eider nest, and four King Eider nests _ _
(2 identified by contour feathers). An additional ~ Based onsixyears (1993-1998) of aerial surveys

three nests (8% of 37) belonged to unidentifie®n the delta, pre-nesting Spectacled Eiders preferred

eiders. (i.e., use was significantly greater than availability)
5 of 23 habitats that were available, and King Eiders
Brood-rearing preferred only 1 habitat (Tables 6 and 7). Measures

o of habitat selection for Spectacled and King eiders
The distribution of broods seen on the deltg, 1998 are reported in Appendix C1, and previous
opportunistically and during eider surveys wasyga s were presented in Johnson et al. (1996, 1997,
similar to the distribution of eiders during pre-nestin91998)_ On the delta, Spectacled Eiders preferred
and nesting surveys (Figures 3—4, and 7- 9); "B kish Water, Salt Marsh, Salt-killed Tundra,
broods were observed >13 km from the coast. Fromay 5jiow Open Water with Islands or Polygonized
1996 to 1998, we saw no broods of Spectacled qj,4ing and Aquatic Sedge with Deep Polygons
King eiders during helicopter or foot surveys of the(TabIe 6). All preferred habitats, except Shallow
Facility Area; dl_Jr_ing those years, no other areas Wer@pen Water with Islands or Polygonized Margins,
searched specifically for eider broods on the deltgye e coastal in distribution (Figure 2). Shallow Open
One brood of unidentified eiders was seen at th@,¢ar with Islands or Polygonized Margins was
norf[hern border of the Develqpment Arga during Myreferred despite being used by only two groups of
aerial survey for loon broods in 1997 (Figure 9). INgpectacied Eiders. The significant preference for
1995, only one Spectacled Eider brood and one King,is hapitat, however, reflected its rarity on the delta

Eider brood were seen during a systematic helicopt%_l% of the area). Aquatic Grass Marsh also was
survey of the entire delta, and no eider broods Weresaq by only two groups. On the delta, this rare

seen in the Development Area. The density of jyitat’(0.29 of the area) of emergent vegetation
Spectacled Eider broods in 1995 was 0.004 anfloy peen significantly preferred in 1997, but no

0.006 broods/kron the Delta and Outer Delta oiqqrg ysed it in 1998, so it dropped from the 98th
survey areas, respectively. Densities reported fro'BercentiIe of use in 1997 to the 97th percentile

helicopter surveys in the Prudhoe Bay area range@y s is the cutpoint for significant preference in the
from 0.008 to 0.05 broods/krfor 1991-1993 (TERA two-tailed test).

1995). The number of broods undoubtedly is £, gpectacled Eiders, the greatest use (in terms
undercounted in aerial surveys, because the CryPi% number of groups) during pre-nesting was of

25 1998 Colville Wildlife Report



uoday aJIp|IM BIIIAI0D 866T

9¢

0 5 10 Kilometers /
‘

>z |

Area

Facility ‘ 3 =< T » Lo - Transportation Corridor
\ Q J g .J ¢

Brood Locations

Spectacled Eider

+ 1995 O 1984
A 1993 © 1983

King Eider
» 1995
m 1992 N
Unidentified Eider
® 1997

Beaufort
Sea

‘i

Q
Kuparuk 5
Oilfield 7

NN

4

i\;%le: 836_Colville_Eiders.apr, Eider broods; 07/20/99

uoISSNISIQ pue synsay

Figure 9. Distribution of Spectacled, King, and unidentified eider broods observed during aerial and ground surveys iratigé Delta
Transportation Corridor survey areas, Colville River, Alaska, 1983, 1984, 1992, 1993, 1995, and 1997. No broods weB®8een in 1
Locations are from M. North (1983, 1984, unpubl. data), Smith et al. (1993, 1994), and Johnson et al. (1998).



Results and Discussion

Table 6. Habitat selection (pooled among years) by Spectacled Eiders during pre-nesting in the Delta
survey area, Colville River, Alaska, 1993-1998 (from Johnson et al. 1998, this study). See
Appendix C1 for 1998 results.

Selection Monte

No.of No.of Use Availability Index Carlo
Habitat Adults Groups (%) (%) (Ivlev's Ef Result8
Open Nearshore Water (marine) 0 0 0 1.7 -1.00 ns
Brackish Water 41 17 13.8 1.3 0.83 prefer
Tapped Lake w/ Low-water Connection 22 9 7.3 4.1 0.28 ns
Tapped Lake w/ High-water Connection 8 5 4.1 3.8 0.03 ns
Salt Marsh 21 10 8.1 3.2 0.43 prefer
Tidal Flat 0 0 0 8.8 -1.00 avoid
Salt-killed Tundra 22 12 9.8 4.9 0.32 prefer
Deep Open Water w/o Islands 6 4 3.3 4.3 -0.14 ns
Deep Open Water w/ Islands or Polygonized Margins 5 3 2.4 1.0 0.43 ns
Shallow Open Water w/o Islands 2 1 0.8 0.4 0.29 ns
Shallow Open Water w/ Islands or Polygonized Margins 2 2 1.6 0.1 0.88 prefer
River or Stream 7 4 3.3 14.7 -0.64 avoid
Aquatic Sedge Marsh - - - 0 -
Aquatic Sedge w/ Deep Polygons 56 30 24.4 2.6 0.80 prefer
Aguatic Grass Marsh 2 2 1.6 0.2 0.73 ns
Young Basin Wetland Complex 0 0 0 0.0 -1.00 ns
Old Basin Wetland Complex 0 0 0 0.0 -1.00 ns
Nonpatterned Wet Meadow 29 13 10.6 7.9 0.14 ns
Wet Sedge-Willow Meadow 27 10 8.1 18.5 -0.40 avoid
Moist Sedge—Shrub Meadow 0 0 0 2.4 -1.00 ns
Moist Tussock Tundra 0 0 0 0.5 -1.00 ns
Riverine or Upland Shrub 0 0 0 4.8 -1.00 avoid
Barrens (riverine, eolian, lacustrine) 2 1 0.8 14.8 -0.90 avoid
Artificial (water, fill, peat road) 0 0 0 0.0 -1.00 ns
Total 252 123 100 100

2 Ivlev's E = (use — availability)/(use + availability); calculated from groups.
b Significance calculated from 1,000 simulations a 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.

Aquatic Sedge with Deep Polygons (30 groups)NPR— A, Spectacled Eiders were found in shallow
Brackish Water (17 groups), and Salt-killed TundraArctophilaponds and deep open lakes in June, with
(12 groups). Five habitats were avoided (i.e., usshallow Carex ponds becoming more important
was significantly less than availability), but amongthrough the summer (Derksen et al. 1981). East of
these habitats, only Tidal Flat and Riverine or Uplandhe Colville River in the Kuparuk Oilfield, most of
Shrub were not used by Spectacled Eiders (Table @he pre-nesting Spectacled Eiders were found in
Among the unused habitats, only the most abundamiquatic grass\rctophila)and aquatic sedg€arey
types were classified as significantly avoided. Inhabitats (Anderson etal. 1999). Bergman et al. (1977)
addition, the most abundant habitat on the delta, Wébund most Spectacled Eiders at Storkersen Point in
Sedge—Willow Meadow, was used by 10 groupsieepArctophila wetlands. In Prudhoe Bay, pre-
(8.1% of the total) of Spectacled Eiders, yet wasiesting Spectacled Eiders used flooded terrestrial
avoided because its abundance (18% of the arebabitats, but preferred ponds with emergent vegetation
was so much greater than its use. (both Arctophila and Care® and impoundments
Elsewhere, studies have emphasized théVNarnock and Troy 1992). Lakes with emergents
importance of emergent vegetation for eiders usingre not abundant on the Colville Delta; however,
waterbodies. West of the Colville Delta in the Aquatic Sedge with Deep Polygons and Aquatic Grass
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Table 7. Habitat selection (pooled among years) by King Eiders during pre-nesting in the Delta survey
area, Colville River, Alaska, 1993-1998 (Johnson et al. 1998, this study). See Appendix C1
for 1998 results.

Selection Monte

No.of No.of Use Availability Index Carlo
Habitat Adults Groups (%) (%) (Ivlev's Ef  Result8
Open Nearshore Water (marine) 10 2 3.2 1.7 0.30 ns
Brackish Water 3 2 3.2 1.3 0.44 ns
Tapped Lake w/ Low-water Connection 9 4 6.5 4.1 0.22 ns
Tapped Lake w/ High-water Connection 4 2 3.2 3.8 -0.08 ns
Salt Marsh 0 0 0.0 3.2 -1.00 ns
Tidal Flat 2 1 1.6 8.8 -0.69 avoid
Salt-killed Tundra 7 4 6.5 4.9 0.14 ns
Deep Open Water w/o Islands 0 0 0 4.3 -1.00 ns
Deep Open Water w/ Islands or Polygonized Margins 0 0 0 1.0 -1.00 ns
Shallow Open Water w/o Islands 0 0 0 0.4 -1.00 ns
Shallow Open Water w/ Islands or Polygonized Margins 0 0 0 0.1 -1.00 ns
River or Stream 117 35 56.5 14.7 0.59 prefer
Aquatic Sedge Marsh - - - 0 - -
Aquatic Sedge w/Deep Polygons 4 2 3.2 2.6 0.11 ns
Aguatic Grass Marsh 0 0 0 0.2 -1.00 ns
Young Basin Wetland Complex 0 0 0 <0.1 -1.00 ns
Old Basin Wetland Complex 0 0 0 <0.1 -1.00 ns
Nonpatterned Wet Meadow 7 2 3.2 7.9 -0.42 avoid
Wet Sedge-Willow Meadow 10 6 9.7 18.5 -0.31 ns
Moist Sedge—Shrub Meadow 0 0 0 2.4 -1.00 ns
Moist Tussock Tundra 0 0 0 0.5 -1.00 ns
Riverine or Upland Shrub 2 1 1.6 4.8 -0.50 ns
Barrens (riverine, eolian, lacustrine) 1 1 1.6 14.8 -0.80 avoid
Artificial (water, fill, peat road) 0 0 0 <0.1 -1.00 ns
Total 176 62 100 100

2 Ivlev's E = (use — availability)/(use + availability); calculated from groups.
b Significance calculated from 1,000 simulationstat 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.
Marsh are probably analogous to tGarexand prevalence of flocks rather than pairs (see
Arctophilaponds described elsewhere. Both thes®istribution and Abundance) suggested that King
habitats were significantly preferred by Spectaclediders had not yet dispersed into breeding areas
Eiders on the delta in 1997, but, of the two, onlyduring the pre-nesting survey. Furthermore, the low
Aquatic Sedge with Deep Polygons was preferred imumber of nests found later on nest searches indicates
1998 (Table 6). that the Colville River Delta may be more important
King Eiders used 12 of 23 available habitats oras a stopover for King Eiders breeding elsewhere
the delta during pre-nesting, but only one habitat wathan as a nesting area. At Storkersen Point, where
used by large numbers of birds (Table 7). River oKing Eiders nest in relatively high densities, they
Stream was the only preferred habitat, used bpreferred shallow and deéekrctophila wetlands,
35 groups (56% of the total) containing 117 Kingbasin complexes, and coastal wetlands during pre-
Eiders. Three relatively abundant habitats on theesting and nearly the same habitats during nesting
delta were significantly avoided despite each beingBergman et al. 1977). Nest densities also are high
used by=1 group of King Eiders: Tidal Flat, atPrudhoe Bay, where pre-nesting King Eiders used
Nonpatterned Wet Meadow, and Barrens. The higalmost all habitats but preferred wet, aquatic
use of River and Stream, low use of typical nestingnonpatterned; aquatic strangmoor; and water with
habitat (i.e., lakes and wet meadows), and thand without emergents (Warnock and Troy 1992).
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Nesting 52% of all nests. Obviously, we did not find eiders

We conducted nesting surveys on the groun
because of the difficulty in finding eider nests during
aerial surveys. Consequently, complete surveys o
extensive habitats in remote areas such as the Colvi
Delta are time-consuming and logistically difficult.

We chose to search areas that either maximized o\ﬁ}’ral

chances of finding nests (1993, 1994, and 1997) &t
that included proposed development sites (1995%
1998). Thus, we did not search a representati
sample of habitats from which selection could bj
calculated; instead, we used the nesting data Psf
summarize habitat associations. 9

Nesting Spectacled Eiders used many of thﬁ‘
same habitats that were preferred during pre-nesting.
Between 1992 and 1998, 8 (28%) of 29 nests (total
includes 6 nests identified by contour feathers) o
the delta were found in Aquatic Sedge with Dee
Polygons (Table 8). Other important nesting habitats
were Brackish Water, Nonpatterned Wet Meadow,
and Salt-killed Tundra, which together containe

al

gesting on water, but nests on islands could be
Classified as in a waterbody type at the scale of our
qigital mapping (i.e., small islands and islands
<5 m from shore were not mapped). Spectacled
ider nests were strongly associated with
terbodies in all habitats in which they occurred,
veraging 1.0 m (range = 0.1-10 mz 29) from
permanent water (Smith et al. 1994, Johnson et al.
vi1é998)' Brackish Water was the nearest waterbody
to 45% of the nests, and Deep Open Water without
lands was the nearest to 21% of the nests
ble 8). We found no Spectacled Eider nests in
95 or 1996, when the search was concentrated near
e Facility Area (Figure 8).
Similar habitat associations were reported for
ther locations. Nests on the Yukon-Kuskokwim
elta averaged 2.1 m from water (Dau 1974).
Annual mean distances of Spectacled Eider nests to
water in the Kuparuk Oilfield ranged from 1.0 to
Ol15 m over 6 years, and the waterbodies closest to

Table 8. Habitat use by Spectacled Eiders during nesting in the Delta survey area, Colville River,
Alaska, 1992-1994, 1997, and 1998 (Johnson et al. 1998, this study). Nests were found
during ground searches of selected portions of the study area. No nests were found in 1995 or

1996.
No. of Use

Habitat Nests (%)
HABITAT USED
Brackish Water 5 17.2
Tapped Lake w/ High-water Connection 1 3.4
Salt Marsh 1 3.4
Salt-killed Tundra 4 13.8
Deep Open Water w/o Islands 1 3.4
Shallow Open Water w/o Islands 1 3.4
Aquatic Sedge w/ Deep Polygons 8 27.6
Nonpatterned Wet Meadow 6 20.7
Wet Sedge—Willow Meadow 2 6.9
Total 29 100
NEAREST WATERBODY HABITAT?
Brackish Water 13 44.8
Tapped Lake w/ High-water Connection 5 17.2
Deep Open Water w/o Islands 6 20.7
Deep Open Water w/ Islands or Polygonized Margins 6.9
Shallow Open Water w/o Islands 1 34
Shallow Open Water w/ Islands or Polygonized Margins 6.9
Total 29 100

# Nearest waterbod0.25 ha in size) was measured from the digital map.
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nests were primarily basin wetland complexes, shallowroods have been seen since 1993 (Table 9), and
and deep open lakes, and water with emergents (botimly one was seen during a systematic survey. Most
Carex and Arctophila) (Anderson et al. 1999). broods were found in Salt-killed Tundra (36% of all
Spectacled Eiders at Storkersen Point preferred tHecations) and Brackish Water (27%), suggesting a
same habitat (deefsrctophild) for nesting as they strong attraction to coastal habitats. A similar
did during pre-nesting (Bergman et al. 1977). In thattraction was exhibited by broods for coastal lakes;
NPR- A, Spectacled Eiders used shaltarexponds most broods (64%) were seen nearest to Brackish
during summer (Derksen et al. 1981). Inthe Kuparukvater (x = 0.03 km,n = 7). In the NPR-A,

Oilfield, the most common nesting habitats were basigpectacled Eider broods primarily used shalasex
wetland complexes, aquatic grass with islands, lowponds, deep open lakes, and deeptophila
relief wet meadows, and nonpatterned wet meadowgerksen et al. 1981). Post-nesting adults without
(Anderson et al. 1999). In Prudhoe Bay, nests wergroods at Storkersen Point also preferred deep
found inCarexponds and wet, nonpatterned tundraarctophila(Bergman et al. 1977).

(Warnock and Troy 1992). As mentioned earlier,  Only two King Eider broods have been seen on
waterbodies with emergent vegetation are nofhe delta since studies began in 1992. One King
abundant on the Colville Delta with the exception ofgjder brood was seen in 1995 in Aquatic Sedge with
Aquatic Sedge with Deep Polygons; therefore, nestingeep Polygons approximately 0.02 km from
habitat on the delta differs somewhat from areas witBrackish Water. The other King Eider brood was
abundanCarexandArctophilawaterbodies. found in 1992 in Wet Sedge—Willow Meadow

We found only four King Eider nests (two were gpproximately 0.07 km from Deep Open Water
identified by contour feathers) during seven yearsyithout Islands.

of nest searches on the delta. Three of these nests

were in Aquatic Sedge with Deep Polygons, and th¢ ;NDRA SWANS
other was in Salt-killed Tundra. The distance from

permanent water was greater and more variablBACKGROUND

(x= 20 m, range = 0.5-80 m) than for nests of  Tyngra Swans arrive on the Colville Delta in
Spectacled Eiders. The nearest waterbodies weffid- to late May (Simpson et al. 1982, Hawkins
both types of Tapped Lakes, Deep Open Watef9g3). Swans occupy breeding territories and
without Islands, and Shallow Open Water withoutjnjtiate nests soon after arrival, although they can
Islands. Anderson et al. (1999) found King Eidersye delayed by late snowmelt (Lensink 1973,
in the Kuparuk Oilfield nesting near basin wetlandyclLaren and McLaren 1984). Preferred nesting
complexes, aquatic grass, shallow open water, arghbitat is characterized by numerous lakes and
aquatic sedge. At Storkersen Point, nesting Kingissociated wetlands (King and Hodges 1980, Monda
Eiders preferred shallow and de&mtophilaand et al. 1994). Tundra Swans are traditional in their
coastal wetlands (Bergman et al. 1977). Farther eagélection of nesting territories and often use the same
in Prudhoe Bay, King Eiders used a wider array ohest mounds in successive years (Palmer 1976,
non-aquatic habitats than did Spectacled Eiders anglonda et al. 1994, Anderson et al. 1999). Incubation
preferred moist, wet low-centered polygons and wepegins after egg-laying is completed, and hatching

strangmoor (Warnock and Troy 1992). occurs 30-35 days later (Palmer 1976). Families
_ then stay on or near their breeding territories until
Brood-rearing the young are fledged, after 8—10 weeks of brood-

We did not conduct aerial surveys for eiderrearing (Bellrose 1976, Rothe et al. 1983, Monda

broods in any year but 1995; however, oneand Ratti 1990). Tundra Swans leave northern
unidentified eider brood was seen in Deep Opefilaska by late September or early October on an
Water without Islands in 1997 during a loon survey€asterly migration route for wintering grounds in

Ground surveys were conducted for eider broods igastern North America (Johnson and Herter 1989).
the Facility Area from 1995 to 1998 and in variousFreezing temperatures and snow in early autumn can

areas in 1992 and 1993. Only 11 Spectacled Eidéyasten their departure and cause mortality of young
swans (Lensink 1973, Monda and Ratti 1990).
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Table 9. Habitat use by Spectacled Eiders and distance to nearest waterbody during brood-rearing in
the Delta survey area, Colville River, Alaska, 1993 and 1995 (Johnson et al. 1996). Broods
were located during both aerial and ground surveys.

No. of Mean Distance

Brood-rearing No. of Usé to WaterbodY
Habitat Groups Young (%) (km)
HABITAT USED
Brackish Water 3 11 27.3
Salt-killed Tundra 4 22 36.4
Shallow Open Water w/o Islands 1 3 9.1
Aquatic Grass Marsh 1 4 9.1
Wet Sedge-Willow Meadow 2 7 18.2
Total 11 47 100
NEAREST WATERBODY HABITAT
Brackish Water 7 33 63.6 0.03
Tapped Lake w/ High-water Connection 1 3 9.1 0.08
Deep Open Water w/o Islands 1 4 9.1 0.24
Shallow Open Water w/o Islands 1 3 9.1 0
Aquatic Grass Marsh 1 4 9.1 0
Total 11 47 100 0.05

#Use is calculated from number of brood-rearing groups.
P Distance was measured to waterbodi@®5 ha in size on the digital map and may not be as accurate as measurements on the ground.

DISTRIBUTION AND ABUNDANCE (Table 11). Similarly, in the adjacent Kuparuk Oilfield,
the 557 swans counted during nesting surveys in 1998
was the highest number of swans recorded there since
With minor exceptions, the distribution of Tundra surveys began in 1989 (Anderson et al. 1999). In
Swan nests on the delta has been relatively consistefintrast with the Colville Delta, however, nesting
within areas and among years (Figure 10, Table 10ffort in the Kuparuk field dramatically rebounded
We counted 714 swans and 31 nests durinfrom that in 1997: 107 nests were counted in 1998,
standardized aerial surveys of the delta in 1998. Agersus only 73 nests in 1997.
additional two nests were found during ground In 1998, nest density (0.06 nests/Am
searches. These numbers are similar to those recordgstermined from aerial survey remained within the
in 1997, when we counted 749 swans and 32 nestange of values we have observed over the previous
on the delta (Tables 10 and 11). In 1995 and 1996ive years of surveys (0.03—0.08 nests?kniigher
more nests were located during aerial surveys, bulensities of nests have been found on the delta during
fewer swans were present. Factors that could accouintensive ground searches, however. In 1982, 48
for the higher counts of swans in 1997 and 1998ests (~0.11 nests/Rjnwere found on the northern
include the occupation of the delta by flocks of failed30% of the delta (Simpson et al. 1982). Nest
breeders from the delta and surrounding region andensities determined from aerial surveys of other
the return of non-breeding sub-adults from previoushreas on the coastal plain were similar to those for
successful breeding seasons. During the aerial survehe Colville Delta; 0.04-0.06 nests/kon the eastern
on 19 June, 282 swans were seen in flocksl®f  Arctic Coastal Plain (Platte and Brackney 1987) and
individuals; the following day, 207 swans were seer.01-0.05 nests/kimin the Kuparuk Oilfield and
in similar flocks. As a result of the large number ofadjacent areas (Anderson et al. 1999).
non-breeders present, only 7% of the total number In 1998, nest density within the Development
of swans were associated with nests in 199&rea (0.08 nests/kfhwas slightly greater than that

Nesting
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Figure 10. Distribution of Tundra Swan nests observed during aerial and ground surveys in the Delta survey area, ColilesRiyd992,
1993, and 1995-1998. The Transportation Corridor was surveyed in 1989-1993 and 1995-1997. Locations are from Ritchie et al.
(1990, 1991), Stickney et al. (1992, 1993), Smith et al. (1993, 1994), Johnson et al. (1998), and this study.



Results and Discussion

Table 10. Numbers and densities of Tundra Swan nests and broods counted on aerial surveys in the
Delta and Transportation Corridor survey areas, Colville River, Alaska, 1989-1993 and 1995—
1998 (Johnson et al. 1998, this study). The Transportation Corridor was not surveyed in 1998.

Nests Broods
Mean Brood
Area Year No. No./krh No. No./knf Size
Delta (551 krf) 1998 31 0.06 22 0.04 2.4
1997 32 0.06 24 0.04 25
1996 45 0.08 32 0.06 3.4
1995 38 0.07 25 0.05 3.7
1993 20 0.04 14 0.03 2.6
1992 14 0.03 16 0.03 2.4
Development Area (169 K 1998 13 0.08 6 0.04 2.5
1997 10 0.06 8 0.05 2.4
1996 17 0.10 14 0.08 3.5
1995 12 0.07 6 0.04 3.7
1993 6 0.04 3 0.02 2.0
1992 5 0.03 6 0.04 1.8
Facility Area (9 krf) 1998 3 0.33 1 0.11 3.0
1997 1 0.11 1 0.11 3.0
1996 1 0.12 3 0.33 3.7
1995 3 0.33 0 0 0
1993 0 0 0 0 0
1992 1 0.12 1 0.12 1.0
Outer Delta (352 kR) 1998 17 0.05 14 0.04 2.4
1997 19 0.05 15 0.04 2.6
1996 25 0.07 16 0.05 3.3
1995 26 0.07 17 0.05 3.8
1993 13 0.04 10 0.03 2.7
1992 9 0.03 9 0.03 2.4
Western Delta (31 kfn 1998 1 0.03 2 0.06 2.0
1997 3 0.10 1 0.03 3.0
1996 3 0.10 2 0.06 3.0
1995 0 0 2 0.06 3.0
1993 1 0.03 1 0.03 4.0
1992 0 0 1 0.03 5.0
Transportation Corridor (343 in 1997 11 0.03 11 0.03 2.4
1996 19 0.06 16 0.05 3.0
1995 18 0.05 10 0.03 2.7
1993 10 0.03 10 0.03 2.3
1992 12 0.03 15 0.04 2.2
1991 7 0.02 6 0.02 2.8
1990 11 0.03 14 0.05 3.2
1989 6 0.02 2 0.01 3.0
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Results and Discussion

Table 11. Numbers of Tundra Swans counted on aerial surveys in the Delta and Transportation Corridor
survey areas, Colville River, Alaska, 1989-1993 and 1995-1998 (Johnson et al. 1998, this
study). The Transportation Corridor was not surveyed in 1998.

Nesting Brood-rearing Fall Staging
Total Swans with Total No.of  No.of Adults with Young Total
Area Year Swans Nests (%) Swans Adults  Young Broods (%) (%) Swans
Delta
1998 714 7 440 338 52 12 12 411
1997 749 7 348 287 61 14 18 286
1996 579 12 358 250 108 25 30 355
1995 208 31 261 169 92 29 35 B4
1993 240 12 237 200 37 13 16 295
1992 249 7 297 259 38 13 13 0
Transportation Corridor
1997 37 49 107 81 26 21 24 0
1996 52 67 105 57 48 53 46 no data
1995 87 40 93 66 27 30 29 5
1993 50 32 83 60 23 33 28 no data
1992 46 48 105 72 33 43 31 no data
1991 40 25 84 67 17 18 20 no data
1990 33 52 101 56 45 50 45 no data
1989 38 24 69 63 6 6 8 no data

@ Western Delta (31 kfnwas not surveyed.

estimated for the entire Delta survey area (Table 103 similar sightability comparison on the northern
Thirteen (42%) of the 31 nests located during aerigbortion of the Alaska Peninsula, Wilk (1988) estimated
surveys on the delta occurred in the Developmerthat standard aerial surveys missed ~31% of the swan
Area. Ground observers found another two nestsiests present.
resulting in a combined count of 15 nests for the  On the Outer Delta, we located 17 swan nests
Development Area (0.09 nests/Rm In previous during aerial surveys in 1998 (Table 10). The number
years, we found 5-17 nests during aerial surveys iand density of nests were similar in 1997, but less
the Development Area, resulting in nest densitieshan in 1995 and 1996. On the Western Delta in
similar to that for the entire delta. 1998, we located one swan nest during aerial surveys
In the Facility Area in 1998, we found three (Figure 10, Table 10). Three nests were found there
swan nests during the standardized aerial survey 1997 and 1996, but no more than one nest was
(Figure 10). In previous years, we have found 0—3ound in any other year.
swan nests on aerial surveys of the Facility Area
(Table 10). We conducted a combination of aeriaBrood-rearing
and ground surveys in 1995-1998. In 1998, we found Tundra Swan broods were distributed
six swan nests (0.4 nests/Rrm the ground-survey y,,ghout the Colville Delta (Figure 11). Brood
area (14.8 krf) around the Facility Area. Four of 1 on the delta in mid-August 1998 indicated
those nests were located by both aerial and grounflas annroximately 71% of the 31 nests seen on aerial
surveys and two nests were found only by ground,, ey were successful (Table 10). Similar nesting
searchers. Thus, we suspect we undercount SWafjocess rates were estimated from nest and brood
nest during aerial surveys. In the nearby Kuparuléurv(_:‘ys in 1997 (75%) and 1996 (73%), whereas
Qilfield, Stickney et al. (199_2) estimated thatWe counted more broods than nests in 1992
27% of the swan nests were missed on the standaig|,;cess = 1149). Clearly, nests were undercounted

nesting aerial survey based on an intensive aerigh /o some broods may have immigrated to the delta
survey designed to measure sightability of nests. Using
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Results and Discussion

in 1992. Mean annual nesting success (calculatgdable 10). However, we have recorded six broods
from standard aerial survey results only) on the delta the Development Area in three of our six years of
was 78.2% 1§ = 6 years). In 1998, the brood densitystudy. The apparently low nesting success (50%) in
was 0.04 broods/ktnand mean brood size was the Development Area in 1998 did not translate into
2.4 young/brood (range = 1-4), the lowest meam reduced brood density when compared with past
brood size since 1992. The 68% nesting success géars; the brood density in 1998 was about the same
swans and mean brood size of 2.3 young 73) in  as the six-years average (0.04 brood¥kitve found
the Kuparuk Qilfield in 1998 were some of the lowestone brood in the Facility Area in 1998 (Figure 11).
estimates on record there since 1988 (Anderson et The annual trend in the distribution of swan
al. 1999). Two earlier studies on the delta, botlbroods between the Development Area and the Outer
employing intensive ground surveys, provideDelta was similar to that found for nests; that is,
comparative data. Rothe et al. (1983) reported densities in the two areas were similar in all years
nesting success rate of 918632 nests) and a mean except 1996, when densities of broods and nests were
of 2.1 young/brood for the Colville Delta in late July greater in the Development Area. On the Outer
1981. In 1982, nesting success was 71%elta, we found 14 broods (0.04 broodsfkon the
(n= 48 nests), and mean brood size in mid-Augusaerial survey in 1998, similar to the count in 1997
was 2.5 young/brood (Simpson et al. 1982). In gTable 10). Brood density on the Outer Delta has
three-year study (1988-1990) of swans nesting oremained in the range of 0.03—0.05 broods/awer
the Canning and Kongakut river deltas, the overalthe six years of aerial surveys.
nesting success was 7680 110 nests) (Monda et
al. 1994). Fall Staging

Productivity (as indicated by nesting success,  1n4ra Swans have been widely distributed on

bro_od dens_lty, and mean brood size) on the deltf'he delta during our fall-staging surveys. However,
during the six years that we conducted aerial SUIVeYs oot swans generally occur in several large flocks

was similar to or greater than values reported in Oth%at occupy river channels on the Outer Delta

studies of swans on the Arctic Coastal Pla_in. AeriatFigure 12). Wetlands immediately to the east of
surveys between the Kuparuk and Colville riversy,o”geita lying between the Miluveach River and
(1988-1993, 1995-1998) recorded mean brood sizgg, ik Creek, have had the largest aggregations of
of 2.1-2.8 young/brood and densities Ofrnqra Swans on the Arctic Coastal Plain of Alaska
0.02-0.04 broods/khtAnderson et al. 1999). Platt_e during fall staging (Seaman et al. 1981), and we have

and Brackney (1987) estimated 63-85% nestingy<aryed large numbers there as well (Figure 12).
success, 0.04 brood;/knan_d 2.5 yqung/brood ON |h 1998, we flew one fall-staging survey on
portions of the Arctic national Wildlife Refuge 14 september and counted the greatest number (411)
(ANWR) o!urmg 1982-1985. . of swans staging on the delta since we began this
The high r_1umber of adults found on_the delta 'rktudy (Table 11). In 1996, we counted 335 swans
1998 resulted in young swans representing only 12%, e delta and 415 on several lakes just east of the
of all swans presentin August, the smallest proportioeyea (Figure 12). The distribution of swans in 1998

of young we have recorded in six years of SUrVey§ as sjightly different from that in other years in that
(12-35%; Table 11). The number of adult swange,; swans were seen in the wetlands between

counted on the delta during the brood-rearing survey . hik Creek and the Miluveach River: rather
was greater than in any of the previous years of thi§ans were found primarily in the East Channel of
study. In 1982, the percentage of young swans ofe colville Delta (e.g., near the mouth of the
the delta was 26% (Simpson et al. 1982). In thgy ,yeach River). We expanded our fall-staging
adjacent Kuparuk Qilfield, the percentage of young, ey area in 1998, flying over the wetlands at the
swans has ranged from 21 to 34% since 198§, ins of the Tingmeachsiovik River and Fish
(Anderson et al. 1999). _ Creek, west of the mouth of the Nechelik Channel.
In the Development Area, we found six broodS\ye cqunted 229 swans there, most within a single

during the aerial survey in 1998, continuing any.,,, e have not surveyed this area during previous
apparent downward trend since the high pointin 1996.
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Results and Discussion

years, so we do not know whether it is regularly usednd locating them on multiple surveys throughout the
during fall staging. fall-staging period.

We recorded varying departure times from the
delta by swans beginning fall migration. ForHABITAT SELECTION
example, on 19 September 1995, we counted OnlMesting
64 swans, most of which were in discrete family
groups, distributed throughout the delta. Although  Tundra Swans on the Colville Delta used a wide
weather at that time was exceptionally mild, thredange of habitats for nesting. During six years of
days of subzero temperatures two weeks earlier h&dirveys on the delta, swan nests were located in 15
caused lakes to freeze (J. Helmricks, Golden Plove®f 23 available habitats (Table 12). Six habitat types
Prudhoe Bay, AK, pers. comm.) and may havevere preferred, and five were avoided. We found
induced most swans to leave. Similarly, in 1992147 nests (82% of the total) in preferred habitats;
subzero temperatures after 8 September caused '@gether these habitats covered 37% of the Delta
early freeze, and swans vacated the delta by the tingéif'vey area. Annual measurements of habitat
of our fall-staging survey (17 September; Smith et aiselection for previous years can be found in Johnson
1993). In contrast, temperatures in 1993 remaineg@t al. (1996, 1997, 1998); habitat selection for 1998
above freezing until after a staging survey on 15s presented in Appendix C2.
September when we saw 295 swans (Table 11). In Most nests (72; 40% of the total) were located
1996, we also saw large numbers of swans (355) dii Wet Sedge—Willow Meadow, a preferred habitat
the Staging survey, but because the survey ngat also was the most available habitat (19% of the
conducted on 6 September before the first freezingelta) in the Delta survey area (Table 12). The
temperatures of the month, we have no data on wh&@cond-highest number of nests (23) occurred in
the swans departed. These few observations sugg®@npatterned Wet Meadow, another preferred
that the departure of most swans from the delta cadf@bitat. No other habitat type in the Delta survey
be triggered before the middle of the September bgrea contained >20 nests. Salt-killed Tundra, Deep
cold temperatures and freeze-up of waterbodies, b@pen Water with Islands or Polygonized Margins,
large numbers of swans can remain on the delta laté\quatic Sedge with Deep Polygons, and Moist
when temperatures remain above freezing. Surveygedge—-Shrub also were preferred. Swans avoided
in four of the six years considered here documente@esting in Tapped Lake with Low-water Connection,
|arge numbers of swans Staging on or near th@ldal Flat, River or Stream, Riverine or Upland
Colville Delta prior to migration (Table 11), an event Shrub, and Barrens, which together composed 48%

also reported by Campell et al. (1988). of the Delta survey area.
Although the Colville Delta and nearby Swans on the delta appeared to be attracted to

wetlands have been identified as important fallnest sites near lakes and ponds. The mean distance

staging areas for swans, the origins of the bird§f swan nests to the nearest waterbody was 0.1 km
staging there remain unclear. Swans nest iffable 13). In decreasing order of use, swan nests
moderate-to-high densities from the delta northwestvere most closely associated with three waterbody
to Teshekpuk Lake (Derksen et al. 1981) and fronfypes on the delta: Deep Open Water without Islands,
the delta east to the Kuparuk River (Anderson et aifapped Lake with Low-water Connection, and
1999). Although swans from surrounding nestingBrackish Water.

areas may be staging on the delta, our counts of swans Tundra Swans breeding on the Canning and
during staging surveys have not indicated an increadeongakut river deltas in northeastern Alaska selected
over the counts during the brood-rearing periodnarsh habitats and nested near either large lakes or
(Table 11). To understand more clearly thecoastal lagoons (Monda et al. 1994). Because only
importance of the delta and adjacent wetlands foeven habitats were classified for these deltas and
swan Staging, information on swan residency timé)ecause the habitats differed in avallablllty from
there and the origin of swans seen there during falhose on the Colville Delta, the habitat use reported
is needed. That information would require marking?y Monda et al. (1994) was not directly comparable
swans from other areas on the Arctic Coastal Plailith our findings. Monda et al. (1994) found that
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Table 12. Habitat selection (pooled among years) by nesting Tundra Swans in the Delta survey area,
Colville River, Alaska, 1992, 1993, and 1995-1998 (Johnson et al. 1998, this study). See
Appendix C2 for 1998 results.

Selection Monte

Area  No.of Use Availability Index Carlo
Habitat (km®)  Nests (%) (%) (Ivlev's Ef Result§
Open Nearshore Water (marine) 10.28 0 0 1.9 -1.00 ns
Brackish Water 6.50 0 0 1.2 -1.00 ns
Tapped Lake w/ Low-water Connection 21.40 2 1.1 3.9 -0.56 avoid
Tapped Lake w/ High-water Connection 20.40 4 2.2 3.7 -0.25 ns
Salt Marsh 16.36 8 4.5 3.0 0.20 ns
Tidal Flat 55.99 3 1.7 10.2 -0.72 avoid
Salt-killed Tundra 25.62 19 10.6 4.6 0.39 prefer
Deep Open Water w/o Islands 23.32 4 2.2 4.2 -0.31 ns
Deep Open Water w/ Islands or Polygonized Margins 5.15 7 3.9 0.9 0.61 prefer
Shallow Open Water w/o Islands 2.30 0 0 0.4 -1.00 ns
Shallow Open Water w/ Islands or Polygonized Marging.54 0 0 0.1 -1.00 ns
River or Stream 81.88 0 0 14.8 -1.00 avoid
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 13.59 13 7.3 2.5 0.49 prefer
Aquatic Grass Marsh 1.37 2 11 0.2 0.64 ns
Young Basin Wetland Complex <0.01 0 0 <0.1 -1.00 ns
Old Basin Wetland Complex 0.01 0 0 <0.1 -1.00 ns
Nonpatterned Wet Meadow 41.92 23 12.9 7.6 0.26 prefer
Wet Sedge—Willow Meadow 102.37 72 40.0 18.6 0.37 prefer
Moist Sedge—Shrub Meadow 13.40 13 7.3 2.4 0.50 prefer
Moist Tussock Tundra 2.53 2 1.1 0.5 0.42 ns
Riverine or Upland Shrub 27.42 2 1.1 5.0 -0.63 avoid
Barrens (riverine, eolian, lacustrine) 79.03 6 3.4 14.3 -0.62 avoid
Artificial (water, fill, peat road) 0.02 0 0 <0.1 -1.00 ns
Total 551.42 180 100 100

#vlev's E = (use — availability)/(use + availability); calculated from nests.
P Significance calculated from 1,000 simulations at 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.

nesting habitat preferences differed between their twBrood-rearing
study sites, which reflected differences in habitat
availability. On the Kongakut delta, 89% of the 36

nests were located <1 km from a coastal lagoon, 42 8 of 23 available habitats (Table 14). Five habitats

of the nests were in areas classified as saling, preferred and four were avoided. Fifty-six

graminoid-shrub (probably equivalent to Saltb . :
roods were in preferred habitats and 14 broods were
Marsh), and 36% of the nests wes#0 m from {2 avoided habitats.

: : 0
waterbodies. On the Canning delta, 22% of 54 nes Brood-rearing swans used waterbodies for

)
were <1 km from a coastal lagoon, 52% of the neStTs’oraging and escape habitat preferring them to

were in graminoid-marsh (probably equivalent tot rrestrial habitats. Swan broods preferred Brackish

Aquatic Grass and Aquatic Sedge marshes), 264 ater, Tapped Lake with Low-water Connection
were in graminoid-shrub-\_/vater sedge (prObablySalt I\/iarsh, and both Deep Open Water types, all <’)f
equivalentto Wet Sedge—W|IIow Meadow), and 630/({Nhich together occupied 13% of the delta (Table 14).
were<10 m from waterbodies. Most broods (17% of the total) were in Wet Sedge—
Willow Meadow, but it was not preferred because it
occupies the most area (19%) on the delta. Broods
avoided Tidal Flat, River or Stream, Riverine or

As during nesting, Tundra Swans with broods
sed most habitats on the delta; broods occurred in
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Table 13. Distance to the nearest waterbody of Tundra Swan nests detected on aerial and ground surveys
in the Delta survey area, Colville River, Alaska, 1989-1993 and 1995-1998 (Johnson et al.
1998, this study).

Mean

No.of Use Distancé
Nearest Waterbody Habitat Nests (%) (km)
Brackish Water 29 14.3 0.11
Tapped Lake w/ Low-water Connection 31 15.3 0.10
Tapped Lake w/ High-water Connection 20 9.9 0.08
Deep Open Water w/o Islands 55 27.1 0.10
Deep Open Water w/ Islands or Polygonized Margins 17 8.4 0.04
Shallow Open Water w/o Islands 17 8.4 0.14
Shallow Open Water w/ Islands or Polygonized Margins 2 1.0 0.04
River or Stream 19 9.4 0.14
Aquatic Sedge Marsh 0 0 -
Aquatic Grass Marsh 13 6.4 0.07
Young Basin Wetland Complex 0 0 -
Old Basin Wetland Complex 0 0 -
Total 203 100 0.10

2 Distance to nearest waterbody was measured to waterk@dissha in size on the digital map and may
not be as accurate as measurements on the ground.

Upland Shrub, and Barrens, which together composg@/onda et al. 1994). Early in the brood-rearing season
44% of the delta. on the Kongakut River delta, grazing in saline

The preference for salt-affected habitatsgraminoid marsh and aquatic-marsh habitats
(Brackish Water, Salt Marsh, and Tapped Lake witlpredominated. Later in the season, surface and sub-
Low-water Connection) by brood-rearing swans mayurface foraging concentrated more in aquatic-marsh
reflect a seasonal change in distribution or habitatabitat. Changes in habitat and foraging methods
preference, in that 35% of all swan broods on thenay be related to nutritive quality of different plants
delta were in salt-affected habitats, compared witlor the increasing ability of older, larger cygnets to
only 18% of all nests. Swan broods were found onlyeed on submerged vegetation (e.g., pondweeds
slightly closer & = 7 km;n = 133 broods) to the [Potamogetorspp.]) in deeper water.

coast than nestsx(= 7.2 km;n = 180 nests) Spindler and Hall (1991) found swans feeding

suggesting that swans select different habitat@n various species of submergent pondwedéte

between nesting and brood-rearing without moving*Ugust and September in brackish water
closer to the coast. environments of river deltas in the Kobuk-Selawik

All swan broods were found near (and 0ftenLowIands. On the Colville Delta, swans also favored

swimming in) waterbodies, and most were associategPnd weed during the brood-rearing and molting
with saline waterbodies (Table 15). The mearPeriods (Johnson and Herter 1989). Wilk (1988)
distance of broods to a waterbody was 0.03 krilescribes spr_lng-_staglng swans feedlng.on a.bundant
(n=142). Most broods were found in or nearTappeB’O”dwee‘_jS in tidally influenced habitat in the
Lake with Low-water Connection (22% of 142 Naknek River. Monda et al. (1994) also found that
broods) and Brackish Water (22%). Deep Operpondweeds were an important component of the diet
Water without Islands, Tapped Lakes with High-Of swans on the Kongakut and Canning river deltas;
water Connection. and Rivers or Streams were, jRondweeds, along with another important food, alkali
descending order of use, the three habitats mogfass Puccinellia phryganodgsgrow well in salt-
frequently occupied by the remaining broods. affected environments. Although we did not collect
Swan broods in northeast Alaska used differenfi@t@ on the feeding habits of swans, the use of salt-
habitats as the brood-rearing season progresséfécted and aquatic marsh habitats by broods and
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Table 14. Habitat selection (pooled among years) by Tundra Swans during brood-rearing in the Delta
survey area, Colville River, Alaska, 1992, 1993, and 1995-1998 (Johnson et al. 1998, this
study). See Appendix C2 for 1998 results.

Selection Monte

Area No. of Use Availability Index Carlo
Habitat (km®) Broods (%) (%) (Ivlev's Ef Result§
Open Nearshore Water (marine) 10.28 0 0 1.9 -1.00 ns
Brackish Water 6.50 9 6.8 1.2 0.70 prefer
Tapped Lake w/ Low-water Connection 21.40 18 13.5 3.9 0.55 prefer
Tapped Lake w/ High-water Connection 20.40 9 6.8 3.7 0.29 ns
Salt Marsh 16.36 9 6.8 3.0 0.39 prefer
Tidal Flat 55.99 1 0.8 10.2 -0.86 avoid
Salt-killed Tundra 25.62 11 8.3 4.6 0.28 ns
Deep Open Water w/o Islands 23.32 12 9.0 4.2 0.36 prefer
Deep Open Water w/ Islands or Polygonized Margins 5.15 8 6.0 0.9 0.73 prefer
Shallow Open Water w/o Islands 2.30 2 15 0.4 0.57 ns
Shallow Open Water w/ Islands or Polygonized Margin<.54 1 0.8 0.1 0.77 ns
River or Stream 81.88 5 3.8 14.8 -0.60 avoid
Aquatic Sedge Marsh 0 - - 0 - -
Aguatic Sedge w/ Deep Polygons 13.59 5 3.8 25 0.21 ns
Aquatic Grass Marsh 1.37 2 15 0.2 0.72 ns
Young Basin Wetland Complex <0.01 0 0 <0.1 -1.00 ns
Old Basin Wetland Complex 0.01 0 0 <0.1 -1.00 ns
Nonpatterned Wet Meadow 41.92 9 6.8 7.6 -0.06 ns
Wet Sedge—Willow Meadow 102.37 22 16.5 18.6 -0.06 ns
Moist Sedge—Shrub Meadow 13.40 2 15 2.4 -0.24 ns
Moist Tussock Tundra 2.53 0 0 0.5 -1.00 ns
Riverine or Upland Shrub 27.42 2 15 5.0 -0.54 avoid
Barrens (riverine, eolian, lacustrine) 79.03 6 4.5 14.3 -0.52 avoid
Artificial (water, fill, peat road) 0.02 0 0 <0.1 -1.00 ns
Total 551.42 133 100 100

#lvlev's E = (use — availability)/(use + availability); calculated from broods.
P Significance calculated from 1,000 simulations & 0.05; ns = not significant, prefer = significantly greater use than. availability, avoid =
significantly less use than availability.

fall staging flocks on the Colville Delta suggests thatn €arly June (North and Ryan 1988). Nestinitiation

Colville Delta. mid-July, and broods usually are raised in the nesting

lake (Rothe et al. 1983); however, broods

LOONS occasionally move to different lakes (North 1986).
North (1986) found most nests on the delta in what

BACKGROUND he described as deep open lakes and deep lakes with

On the Arctic Coastal Plain of Alaska, Yellow- SMe'gent grass.

billed Loons nest primarily between the Colville and ISTRIBUTION AND ABUNDANCE
Meade rivers, with the highest densities found souti|1D

of Smith Bay (Brackney and King 1992). The Nesting

Colville Delta also is an important nesting area for 1.4 gistribution of Yellow-billed Loons on the
Yellow-t_)llled Loons (North and Ry_an 1988). Colville Delta in 1998 was similar to that recorded
Yellow-billed Loons arrive on the delta just after the\ o qyiq) surveys in 1993 and 1995-1997 (Smith et
first spring meltwater accumulates on the riveral_ 1994; Johnson et al. 1998), and during ground
channels, usually during the last week of May (Rothey, gies in 1981, 1983, and 1984 (Rothe et al. 1983,
etal. 1983), and use openings inrivers, tapped lakegy 1, 19g6). In all years, birds and their nests were
and in the sea ice before nesting lakes are availablg,, centrated in the central part of the delta, between
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Table 15. Mean distance to the nearest waterbody of Tundra Swan broods detected on aerial and ground
surveys in the Delta survey area, Colville River, Alaska, 1989-1993 and 1995-1998 (Johnson
et al. 1998, this study).

Delta
Mean

No.of Use Distancé
Nearest Waterbody Habitat Broods (%) (km)
Brackish Water 32 225 0.03
Tapped Lake w/ Low-water Connection 32 22.5 0.02
Tapped Lake w/ High-water Connection 19 13.4 0.04
Deep Open Water w/o Islands 25 17.6 0.02
Deep Open Water w/ Islands or Polygonized Margins 9 6.3 0
Shallow Open Water w/o Islands 5 3.5 0.03
Shallow Open Water w/ Islands or Polygonized Margins 1 0.7 0
River or Stream 16 11.3 0.08
Aquatic Sedge Marsh 0 0 -
Aquatic Grass Marsh 3 2.1 0.04
Young Basin Wetland Complex 0 0 -
Old Basin Wetland Complex 0 0 -
Total 142 100 0.03

2 Distance to nearest waterbody was measured to waterkx@d#ssha in size on the digital map and may
not be as accurate as measurements on the ground.

the Elaktoveach and Sakoonang channeleecorded for the Colville Delta. During intensive
(Figure 13). In 1998, we counted 36 Yellow-billed ground surveys of the delta in 1983 and 1984, North
Loons during the aerial nesting survey, 23 of whic{1986) found 19 and 20 nests, respectively.
were associated with 17 nests. The number of loons In the Development Area in 1998, we counted
was lower in 1998 than counts made in 1993 or 199520 Yellow-billed Loons and 10 nests during the aerial
1997, but the number of nests found was the highestesting survey. The density of loonsin the
recorded in any year (Table 16). Densities of YellowDevelopment Area (0.12 birds/Bpwas the lowest
billed loons in the Delta survey area ranged frontecorded since we began surveys in 1992, but the
0.10 to 0.15 birds/kAduring our six years of study. density of nests (0.06 nestsARmas higher than in
Similar densities have been reported for otheany previous survey year (Table 16). With the addition
Yellow-billed Loon nesting areas on the Arctic of four nests found during revisit surveys, nest density
Coastal Plain of Alaska: Square Lake in thewas 0.08 nests/kinIn 1998, nests were distributed
NPR-A (0.14 birds/k Derkson et al. 1981) and throughout the central and eastern portions of the
the Alaktak region south of Smith Bay Development Area, unlike previous years when they
(0.16 birds/kry Mclntyre 1990). were concentrated mostly in the eastern half
In 1996-1998, we revisited lakes where we hadqFigure 13). We found two nests in 1998 on lakes
seen Yellow-billed Loon pairs but did not find neststhat had no previous nesting record from aerial or
during the initial aerial survey. During these secondjround surveys and one nest on a lake where nesting
visits, we found an additional six nests in 1998, amad not been documented since 1984 (North et al.
additional four nests in 1997, and an additional fivel984a, Johnson et al. 1998).
nests in 1996 that either had been missed or were During the aerial nesting survey in 1998, we
initiated after the first survey (Table 16). With thefound three Yellow-billed Loons in the Facility Area,
additional nests found during revisit surveys in 1998two of which were a pair associated with a nest
our total count of 23 Yellow-billed Loon nests for (Figure 13). In previous years in which the Facility
the delta survey area resulted in a density oArea was surveyed, we counted a similar number of
0.07 nests/kimand the highest count of nestsloons and nests (Table 16). The lake where we found
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Results and Discussion

Table 16. Numbers and densities of loons and their nests counted on aerial surveys in the Delta survey
area, Colville River, Alaska, 1992, 1993, and 1995-1998 (Johnson et al. 1998, this study).

Red-throated

Yellow-billed Loons Pacific Loorfs Loong
Number Density (no./km Number Number
Area Year Birds Nests Birds Nests Birds Nests Birds Nests
Delta (323 krf)
1998 36 1723 011  0.05(0.0" 71 13 3 0
1997 48 10(14) 015  0.03(0.04) 103 26 6 1
1996 45 12(17) 014 0.04(0.0%) 74 18 4 2
1995 39 11 0.12 0.03 62 10 11 0
1993 49 11 0.15 0.03 130 24 44 0
1997 12 2 0.10 0.02 5 3 2 0
Development Area (169 Kin
1998 20 1014 0.2 0.06(0.08) 40 7 3 0
1997 29 68 017 0.04(0.0% 61 14 0 0
1996 30 8(11) 0.8  0.05(0.09) 59 13 1 0
1995 24 5 0.14 0.03 33 4 8 0
1993 28 7 0.17 0.04 81 17 12 0
1997 4 1 0.15 0.04 0 0 0 0
Facility Area (9 krf)
1998 3 1 0.34 0.11 1 0 0 0
1997 2 0@ o0.23 0 (0.1 1 0 0 0
1996 3 1 0.34 0.11 5 1 0 0
1995 2 1 0.23 0.11 0 0 0 0
1993 2 1 0.23 0.11 8 0 0 0
1997 - - - - - - - -
Outer Deltd (155 knf)
1998 16 7(9 010 0.05(0.08 31 6 0 0
1997 19 46 012 0.03(0.04) 42 12 6 1
1996 15 4(6) 010 0.03(0.08 15 5 3 2
1995 15 6 0.10 0.04 29 6 3 0
1993 21 4 0.14 0.03 49 7 32 0
1992 8 1 0.09 0.01 5 3 2 0

@ Densities of Pacific and Red-throated loons were not calculated because detectability differed from that of Yellow-bilkdLaiomey
intensity varied among years.

® Number or density of nests found on initial survey and, in parentheses, cumulative number or density found after reatisitingvoere loons,
but no nests, were seen.

©In 1992, three plots were sampled; 119 kvare surveyed on the Delta, 93%were surveyed on the Outer Delta, 26’ kmere surveyed in the
Development Area, and the Facility Area was not surveyed.

4 Portion of the Outer Delta described as the Loon Outer Delta survey area in Figure 13.

the 1998 nest also was used in 1983, 1996 (use The distribution of Yellow-billed Loons and nests
assumed from presence of a brood), and 1997 (Nortin the Outer Delta (i.e., Loon Outer Delta survey
etal. 1983, Johnson et al. 1998). In 1993, 1995, aratea, Figure 13) was similar among years. We found
1996 we found a nest within the Facility Area on amost loons and nests confined to the area between
lake east of the Sakoonang Channel. During ththe Tamayayak and Elaktoveach channels. In 1993,
intensive aerial survey of the Facility Area in 1998,1995, and 1998, we also found birds nesting east of
we found a nest just outside of the Facility Area orthe Elaktoveach Channel. Densities of Yellow-billed

a lake bisected by its boundary. Yellow-billed LoonLoons on the Outer Delta ranged from 0.09 to
nests had not been observed on this lake previously.14 birds/km for all years of study
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(Table 16). Nest density was higher in 1998Loons ranged from zero to eight birds and a nest was
(0.06 nests/kmincluding nests found during revisit found in 1996 (Table 16). We found no Red-throated
surveys) than the four previous survey years when ltoons  during surveys in 1993 and
was similar among those years. In 1992, only on&995-1997. During the intensive helicopter survey
nest was found in one of the two survey plots on théor loons in the Facility Area in 1998, we recorded
Outer Delta. 10 Pacific Loons and 2 nests. We found the same
Our loon surveys focused on Yellow-billed number of birds and nests on the 1997 intensive loon
Loons, which tend to nest on large lakes (>10 hakurvey and counted six Pacific Loons and one nest
Consequently, the survey route flown did not provideon the 1996 intensive loon survey. For Red-throated
complete coverage of smaller waterbodies, whicti.oons, we saw two birds during the 1998 intensive
are frequented by Pacific and Red-throated loondoon survey and no birds on the 1996 or 1997
Opportunistic counts of Pacific and Red-throatedsurveys.
loons reflect their general distribution among areas
but are not indicative of the relative abundance oBrood-rearing

these species (due to biases in species detectability) The distribution of brood-rearing Yellow-billed

or annual changes in abundance (because of annyaj s on the Colville Delta in 1998 was similar to
variation in survey intensity) (Figure 14, Table 16)'that during nesting and also similar to the distribution

Therefore, we have not calculated densities for thes& nesting and brood-rearing Yellow-billed loons in

two spe(?i(_as. previous survey years (Figure 15). We counted
_Pacific and Red-throated loons are mores, ot yellow-billed Loons and 12 broods during
difficult to detect from aircraft than are Yellow-billed the 1998 brood-rearing survey: all broods were

Loons because their smaller size and use of lakegsqcjated with nesting lakes located during the
with emergent vegetation decrease thelrdetectabﬂﬂMesﬁng survey. Most nesting lakes where we did
from aircraft. We flew the lake-to-lake survey pattern, o finq proods were still occupied by Yellow-billed

during the nesting season at a higher intensity o, nairs. Adults with young remain on or near

(i.e., smaller lakes also were surveyed) in 1993 thag,q et Jake during brood-rearing (North and Ryan
in 1995-1998. This difference in survey intensity '51989) while non-nesting and failed breeders

reflected in the higher counts of Pacific and Red,jintain their territories throughout the summer

throated loons in 1993 (Table 16). Although our o and Ryan 1988). The density of Yellow-billed
counts are not adjusted for differences in detectabﬂﬁy_oons on the delta during brood-rearing in
among loon species, Pacific Loons were the Mosiggs_1998 was nearly twice that in 1992 or 1993
abundant loon on the delta during each year of StUd()i'able 17). In 1995-1998, we conducted surveys
and nesting was most common in the westemn antking 4 helicopter, rather than a fixed-wing aircraft,
central part of the delta (Figure 14). Summarizing,q he survey platform; this difference probably
ground surveys on the delta, Rothe et al. (1983),ibted to the higher bird count in those years.
reported similar findings and suggested that Pacific our count of 12 Yellow-billed Loon broods and

and Red-throated loon densities on the Colville Deltg young on the delta in 1998 was the highest number
were comparable to other areas in the Arctic Coast broods recorded during our six years of surveys
Plain. Densi'_[y estimates from §a_1mp|e plots in 198](Tab|e 17). The only other survey year that had a
were 1.5 birds/km for Pacific Loons and  gjmjjar number of broods was 1995, when we
0.6 birds/kmifor Red-throated Loon (Rothe et al. ., nted 11 broods and 15 young. In all other years,
1983). At Storkersen Point, 70 km east of thgye counted between one and seven broods. In 1984,
Colville Delta, Bergman and Derksen (1977) foundy o, (1986, derived from Table 10) found 12 broods
S|_m|lar Pacific Loon densities (1.6 blrdslﬁnbl_ﬂ_ and 16 young during intensive ground surveys of
higher ~ Red-throated ~ Loon  densitieSy,q gelta. Brood density on the delta during our six
(1.2-1.6 birds/kr during five years of study. years of surveys ranged from 0.01 to
During the aerial survey for nests in 1998, W€, 04 broods/kimh In 1995. 1997 and 1998. we

recorded one Pacific and no Red-throated loons iBbserved broods of >1 young. At the time of our
the Facility Area. In previous years, counts of Pacific '
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Results and Discussion

Table 17. Numbers and densities of loons and their broods counted on aerial surveys conducted by
fixed-wing aircraft in 1992 and 1993, and by helicopter in 1995-1998, in the Delta survey
area, Colville River, Alaska (Johnson et al. 1998, this study).

Yellow-billed Loons Pacific Loorfs Red-throated LooAs
Number Density (no./kA) Number Number
Area Year Adults Broods Young Birds Broods Adults Broods Young Adults Broods Young
Delta (323 krf)
1998 54 12 15 0.17 0.04 129 31 34 15 8 11
1997 65 5 8 0.20 0.02 153 15 17 24 5 6
1996 62 6 6 0.19 0.02 89 25 30 19 6 9
1995 49 11 15 0.15 0.03 182 34 40 49 7 9
1993 29 7 7 0.09 0.02 38 2 2 0 0 0
1992 11 1 1 0.09 0.01 21 6 6 21 0 0
Development Area (169 Kin
1998 31 10 13 0.18 0.06 100 23 26 12 6 9
1997 38 4 7 0.23 0.02 91 12 14 19 5 6
1996 30 3 3 0.18 0.02 69 21 26 13 5 8
1995 25 4 6 0.15 0.02 90 12 14 5 1 1
1993 15 3 3 0.09 0.02 17 1 1 0 0 0
1992 8 0 0 030 0 10 1 1 7 0 0
Facility Area (9 krf)
1998 2 0 0 0.23 0 6 1 1 0 0 0
1997 4 1 2 0.46 0.11 0 0 0 3 1 2
1996 0 0 0 0 0 8 2 3 1 0 0
1995 0 0 0 0 0 3 1 2 0 0 0
1993 0 0 0 0 0 0 0 0 0 0 0
1992 - - - - - - - - - - -
Outer Delt&4(155 knf)
1998 23 2 2 0.15 0.01 29 8 8 3 2 2
1997 27 1 1 0.17 0.01 62 3 3 5 0 0
1996 32 3 3 0.21 0.02 20 4 4 6 1 1
1995 24 7 9 0.16 0.05 92 22 26 44 6 8
1993 14 4 4 0.09 0.03 21 1 1 0 0 0
1992 3 1 1 0.03 0.01 11 5 5 14 0 0

@ Densities of Pacific and Red-throated loons were not calculated because detectability differed from that of Yellow-bilktilsonsy
intensity varied among years.

®In 1992, three plots were sampled; 11 kvare surveyed on the Delta, 93%were surveyed on the Outer Delta, 26’ kmere surveyed in the
Development Area, and the Facility Area was not surveyed.

¢ Portion of the Outer Delta described as the Loon Outer Delta survey area in Figure 15.

brood-rearing surveys, chicks were about 2 to 6 weeksas 0.06 broods/kfrcompared to 0.02 broods/Rm
of age, based on estimated hatch dates from 11 to 281993 and 1995-1997.
July (North and Ryan 1988). In the Facility Area, we found two Yellow-billed

In the Development Area, we counted 31 adult.oons and no broods during the aerial brood-rearing
Yellow-billed Loons and 10 broods during the 1998survey in 1998. On the same survey, we saw a pair
brood-rearing survey (Figure 15). The number obf loons with a brood of two young on a large lake
loons recorded in 1998 was within the range of thgust east of the Facility Area (Figure 15). In 1997,
number of birds found during surveys in 1995-1997we found two pairs of adult loons in the Facility Area,
when a helicopter also was used as the surveyne of which had a brood with two young. In 1993,
platform (Table 17). We found more than twice the1995, and 1996, we saw no Yellow-billed Loons or
number of broods in the Development Area in 199®&roods in the Facility Area during the brood-rearing
than in any other survey year. Brood density in 1998urvey.
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We counted 23 Yellow-billed Loons and found Three preferred habitats accounted for 48 (65%) of
2 broods on the Outer Delta during brood-rearing ithe 74 nests: Deep Open Water with Islands or
1998 (Figure 15). The density of adults in 1998 wa®olygonized Margins, Aquatic Sedge with Deep
similar to that in 1995-1997 (Table 17). In 1993,Polygons, and Wet Sedge—Willow Meadow. Nests
when we surveyed the Outer Delta by fixed-wingwere built on peninsulas, shorelines, islands, or in
aircraft, the density of adults was about half that iremergent vegetation; the latter two types could be
1995-1998, and in 1992, when we surveyed sampldassified as part of a waterbody at the scale of our
plots, the density was about one-sixth that in 1995habitat map. Wet Sedge—-Willow Meadow was the
1998. Brood densities varied from 0.01 tohabitat most frequently used for nesting (42% of all
0.05 broods/krh during our 6 years of study, nests), and it was the most abundant habitat on the
regardless of the survey method. The highest numbedelta (25% of total area). A larger sample of nests
of broods recorded for the Outer Delta was in 1995combined from aerial and ground surveys)
when seven broods were seen. confirmed the importance of Wet Sedge—Willow

In 1998, we found Pacific and Red-throatedMeadow; it was used 4x as frequently (47% of all
loons and their broods throughout the Delta survepests) as any other habitat (Table 19). Nesting
area (Figure 16). The numbers of birds and broodgellow-billed Loons significantly avoided four
for both species were higher in the Developmenhabitats—Tapped Lake with Low-water Connection,
Area than on the Outer Delta in 1996-1998River or Stream, Riverine or Upland Shrub, and
(Table 17). These numbers, however, were ndBarrens—that were unused and occupied a large
representative of the actual number of Pacific angortion of the delta (41% of the total).
Red-throated loons with broods. These loon species Because Yellow-billed Loons usually raise
can rear their young on smaller waterbodies thabroods on the lakes where they nest, forage in lakes
Yellow-billed Loons; thus, because our survey didwithin their territories, and use lakes for escape
not include all waterbodies, some broods werdabitat, waterbodies adjacent to nest sites are
missed. Moreover, because our survey intensity fgorobably more important than the habitats on which
these smaller waterbodies varied among years artle nests actually are built. Nests found during our
survey coverage was never complete, we cannastudy occurred most commonly near Deep Open
compare annual abundance or calculate densities favater without Islands (52% of all nests), Tapped
these two species. Lake with High-water Connection (25%), and Deep

In the Facility Area in 1998, we counted six Open Water with Islands or Polygonized Margins
adult Pacific Loons and one brood during the aerial20%) (Table 19). Measurements of the distance
brood-rearing survey. The highest count of Pacifidrom the nest to the nearest waterbody were not
Loons and broods in the Facility Area occurred irrecorded during aerial surveys, but all nests were
1996 when we recorded eight adults and two brooddose €1m) to water. During ground surveys in the
(Table 17). In 1993 and 1997, we recorded no PacifiEacility Area in 1996—-1998, we found Yellow-billed
Loons or broods. We saw Red-throated Loons ifoon nestsrf = 5) within 1 m of permanent water.
the Facility Area in only two survey years; in 1996,0ther ground-based studies of nesting Yellow-billed
we recorded one adult and in 1997, we found threeoons on the Arctic Coastal Plain found nests

adults and one brood. occurring within 2 m of water (Sage 1971, Sjolander
and Agren 1976, North and Ryan 1989).
HABITAT SELECTION North (1986) found that similar waterbody types

were used by nesting Yellow-billed Loons on the
Colville Deltain 1983 and 1984. Forty-eight percent
During five years of aerial surveys on the deltapf 23 nests occurred on Deépetophilalakes, 39%

(1993, 1995—1998), 74 Yellow-billed Loon nestswere on Deep-Open lakes, and <1% were on ponds
were found in 7 of 19 available habitats (Table 18)(05 hain Size' ponds 0.5-1.0 ha, and shallow lakes
Habitat selection values for 1998 are reported |B>1O ha with emergent sedge or grass. Deep lakes
Appendix C3, and annual values for previous yeargs described by North (1986) include the two Deep
were reported by Johnson et al. (1996, 1997, 1998ppen Water types and Tapped Lakes with High-water

Nesting
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Results and Discussion

Table 18. Habitat selection (pooled among years) by nesting Yellow-billed Loons in the Delta
survey area, Colville River, Alaska, 1993, and 1995-1998 (Johnson et al. 1998, this study).
See Appendix C3 for 1998 results.

Selection Monte

Area  No. of Use Availability  Index Carlo
Habitat (km?) Nests (%) (%) (Ivlev's E} Result8
Open Nearshore Water (marine) 0 - - 0 - -
Brackish Water 1.22 0 0 0.4 -1.00 ns
Tapped Lake w/ Low-water Connection 19.38 0 0 6.0 -1.00 avoid
Tapped Lake w/ High-water Connection 19.57 9 12.2 6.1 0.34 ns
Salt Marsh 5.64 0 0 1.7 -1.00 ns
Tidal Flat 0.06 0 0 <0.1 -1.00 ns
Salt-killed Tundra 7.48 0 0 2.3 -1.00 ns
Deep Open Water w/o Islands 21.09 8 10.8 6.5 0.25 ns
Deep Open Water w/ Islands or Polygonized Margins 3.58 9 12.2 1.1 0.83 prefer
Shallow Open Water w/o Islands 1.87 0 0 0.6 -1.00 ns
Shallow Open Water w/ Islands or Polygonized Margins 0.40 0 0 0.1 -1.00 ns
River or Stream 38.33 0 0 11.9 -1.00 avoid
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 10.00 8 10.8 3.1 0.56 prefer
Aquatic Grass Marsh 1.20 1 1.4 0.4 0.57 ns
Young Basin Wetland Complex 0 - - 0 - -
Old Basin Wetland Complex 0 - - 0 - -
Nonpatterned Wet Meadow 29.78 8 10.8 9.2 0.08 ns
Wet Sedge—Willow Meadow 80.84 31 41.9 25.0 0.25 prefer
Moist Sedge—Shrub Meadow 9.10 0 0 2.8 -1.00 ns
Moist Tussock Tundra 0.01 0 0 <0.1 -1.00 ns
Riverine or Upland Shrub 22.61 0 0 7.0 -1.00 avoid
Barrens (riverine, eolian, lacustrine) 51.27 0 0 15.9 -1.00 avoid
Artificial (water, fill, peat road) 0 - - 0 - -
Total 323.42 74 100 100

#Ivlev’'s E = (use — availability)/(use + availability); calculated from nests.
P Significance calculated from 1,000 simulations at 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.

Connections that we have described. Although NortBrood-rearing
and Ryan (1988) reported that Yellow-billed Loons

did not nest on tapped lakes, they did notdiscriminat§4 Yellow-billed Loon broods in three habitats on

Tapped Lakes with High-water Connections, Wh'cq e delta (Tapped Lake with High-water Connection
may appear to be untapped because they common Yid both types of Deep Open Water), all of which

are connected to channels by low, vegetated area .
that do not flood every year. The small waterbodie\l\?ere preferred (Table 20). Deep Open Water without

lands was used by most broods (65%), followed
where North (1986) found nests probably correspon . L . 0
to our Aquatic Sedge with Deep Polygons, ShallowgSy Tapped Lake with High-water Connection (23%)

and Deep Open Water with Islands or Polygonized

Open Water without Islands, and Aquatic GraLS%\/Iargins (12%). No shallow-water habitats were

Marsh. Consistent with our observations, North ) . .
(1986) found that nests on small waterbodie used during brood-rearing. River or Stream, Wet

(<10 ha) always were near (<70 m) Ialrger%edge—WiIIow Meadow, and Barrens, the three most

. abundant habitats in the survey area, were the only
waterbodies. habitats avoided by loons during brood-rearing on
the delta. The concurrence of habitats preferred

During aerial surveys in 1995-1998, we found
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Table 19. Habitat use by nesting Yellow-billed Loons from aerial and ground surveys in the Delta and
Transportation Corridor survey areas, Colville River, Alaska, 1992, 1993, 1995-1998
(S. Earnst 1995-1997, unpubl. data; Johnson et al. 1998; this study).

No. of Use
Habitat Nests (%)
HABITAT USED
Tapped Lake w/ High-water Connection 11 10
Deep Open Water w/o Islands 9 8
Deep Open Water w/ Islands or Polygonized Margins 12 11
Aquatic Sedge w/ Deep Polygons 11 10
Aquatic Grass Marsh 1 1
Nonpatterned Wet Meadow 11 10
Wet Sedge—Willow Meadow 50 47
Moist Sedge—Shrub Meadow 1 1
Total 106 100
NEAREST WATERBODY HABITAT
Tapped Lake w/ High-water Connection 27 25
Deep Open Water w/o Islands 55 52
Deep Open Water w/ Islands or Polygonized Margins 21 20
Shallow Open Water w/o Islands 2 2
Aquatic Grass Marsh 1 1
Total 106 100

during nesting and brood-rearing reaffirms theet al. 1982, Renken et al. 1983, Martin and Nelson
importance of large, deep waterbodies to breedin§996). Brant began nesting at the Anachlik Colony-
Yellow-billed Loons. North (1986) found that complex in the 1960s, nesting first on Anachlik

similar lake types were used during brood-rearindsland, but expanding to Char, Brant, and Eskimo
in 1983 and 1984. Small lakes (<13.4 ha) were ndslands by the late 1970s—early 1980s (Martin and
used during brood-rearing, but coastal wetlanddlelson 1996). These four islands remain the core
(probably equivalent to our Tapped Lake with High-of the colony-complex, but Brant now nest in limited

water Connection or Brackish Water) were used bynumbers on at least five other islands. Additional

two broods (North 1986). nesting locations for Brant are scattered across the
delta, primarily in the northern half (Smith et al.
BRANT 1993, 1994; Johnson et al. 1996, 1997).
After eggs hatch in early July, most brood-
BACKGROUND rearing groups of Brant move from nesting areas to

The Colville Delta is an important staging areasalt marshes along the coast. A large percentage
for migrating Brant in early spring (Simpson et al.(>50%; J. Helmericks, pers. comm.) of brood-rearing
1982, Renken et al. 1983) and supports the largegfoups from the Anachlik Colony-complex moves
concentration of nesting Brant on the Arctic Coastanortheast towards Oliktok and Milne points
Plain of Alaska (Simpson et al. 1982, Renken et a(Stickney et al. 1994, Anderson et al. 1997). Some
1983, Rothe et al. 1983). Brant arrive on the delté€main on Anachlik Island, and others move to the
during late May and early June, and nest initiatior®réa northwest of the East Channel (J. Helmericks,
begins as soon as suitable nesting habitat is availaghrs. comm.). Brant from the smaller colonies
(Kiera 1979, Rothe et al. 1983). Most Brant nest®robably use salt marshes from the Elaktoveach
(>1,100; USFWS, unpubl. data) on the delta aréhannel west to the Tingmeachsiovik River (Smith
located within a colony or group of colonies €t al. 1994), outside of our study area.

(hereafter, the Anachlik Colony-complex) consisting ~ The fall migration of Brant along the arctic coast
of at least nine islands centered around AnachliRf Alaska usually begins in mid- to late August
Island near the mouth of the East Channel (Simpsodohnson and Herter 1989), and major river deltas,
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Table 20. Habitat selection (pooled among years) by Yellow-billed Loons during brood-rearing in the
Delta survey area, Colville River, Alaska, 1995-1998 (Johnson et al. 1998, this study). See
Appendix C3 for 1998 results.

Selection  Monte

Area No.of Use Availability Index Carlo
Habitat (km®) Broods (%) (%) (vlev's E} Result§
Open Nearshore Water (marine) 0 - - 0 - -
Brackish Water 1.22 0 0 0.4 -1.00 ns
Tapped Lake w/ Low-water Connection 19.38 0 0 6.0 -1.00 ns
Tapped Lake w/ High-water Connection 19.57 8 23.6 6.1 0.59 prefer
Salt Marsh 5.64 0 0 1.7 -1.00 ns
Tidal Flat 0.06 0 0 <0.1 -1.00 ns
Salt-killed Tundra 7.48 0 0 2.3 -1.00 ns
Deep Open Water w/o Islands 21.09 22 64.7 6.5 0.82 prefer
Deep Open Water w/ Islands or Polygonized Margins 3.58 4 11.8 11 0.83 prefer
Shallow Open Water w/o Islands 1.87 0 0 0.6 -1.00 ns
Shallow Open Water w/ Islands or Polygonized Margins 0.40 0 0 0.1 -1.00 ns
River or Stream 38.33 0 0 11.9 -1.00 avoid
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 10.00 0 0 3.1 -1.00 ns
Aquatic Grass Marsh 1.20 0 0 0.4 -1.00 ns
Young Basin Wetland Complex 0 - - 0 - -
Old Basin Wetland Complex 0 - - 0 - -
Nonpatterned Wet Meadow 29.78 0 0 9.2 -1.00 ns
Wet Sedge—Willow Meadow 80.84 0 0 25.0 -1.00 avoid
Moist Sedge—Shrub Meadow 9.10 0 0 2.8 -1.00 ns
Moist Tussock Tundra 0.01 0 0 <0.1 -1.00 ns
Riverine or Upland Shrub 22.61 0 0 7.0 -1.00 ns
Barrens (riverine, eolian, lacustrine) 51.27 0 0 15.9 -1.00 avoid
Artificial (water, fill, peat road) 0 - - 0 - -
Total 32342 34 100 100

#Ivlev's E = (use — availability)/(use + availability); calculated from broods.
® Significance calculated from 1,000 simulations &t 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.

such as the Colville Delta, provide important restinghose in 1997, but were more than 60% greater than
and feeding areas for Brant at that time (Johnsothose in 1995 and 1996 (Table 21). In 1998, Brant
and Richardson 1981). These fall-staging Brant tengccupied 17 of 27 nesting locations (consisting of
to use areas along the coast that are similar, but N8 nest each) previously identified on the delta
limited, to those used by brood-rearing groups (Smitlgexcluding the Anachlik Colony-complex) and four

etal. 1994). new nesting locations. Some of the new nesting

locations may represent a shifting of birds from
DISTRIBUTION AND ABUNDANCE previous nearby locations. The increase in the total
Nesting number of nesting colonies in 1998 probably

) ) _represents normal annual variation in nesting activity
During aerial surveys of the Delta survey area 'rby Brant

1998, we counted 91 Brant nests at 21 locations,” g grant observed during nesting in 1998 were
excluding the Anachlik Colony-complex (Figure 17). 5sociated mainly with colonies; only one location

We saw 285 Brant on the delta during the aerig) i, 15 pirds may have been a flock of failed or

survey. Our count of nests was similar to that in,,, hreeders as no nests were seen. In 1997, a few
1997, and more than twice that counted in 1995 anﬁrge £80 birds) groups of non-breeders were

1996. However, Brant numbers were almost haIBbserved; these may have been from the Kuparuk
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Results and Discussion

Table 21. Distribution and abundance of Brant, nesting locations, nests, and adults counted during aerial
surveys on the Colville River Delta, Alaska, 1992, 1993, 1995-1998 (Johnson et al. 1998, this

study).
No. of No. of No. of
Survey Area Year Locations Nests Adults
Delta 1998 22 91 285
1997 14 87 547
1996 9 34 95
1995 6 19 72
1993 6 52 202
1992 2 8 297
Development Area 1998 8 19 39
1997 5 12 4
1996 3 20 38
1995 1 7 18
1993 1 10 20
1992 1 5 10
Facility Ared 1998 1 2 2
1997 3 3 4
1996 1 1 1
1995 1 1 1
1993 0 0 0
1992 0 0 0
Outer Delta 1998 14 72 246
1997 9 75 543
1996 6 14 57
1995 5 12 54
1993 5 42 182
1992 1 3 287

2 The Facility Area includes observations from both aerial and ground surveys (see Johnson et al. 1998, 1999).

Oilfield or Howe Island in the Sagavanirktok River \ithin the Facility area, but in both 1995 and 1996,
Delta. This latter colony was disrupted by bearomy one nest was found in the same area.
preying on nests early during incubation (Lynn Noel, In 1998, more than half (13) of the Brant nesting
LGL Alaska Research Associates, pers. comm.). Ijycations, excluding the Anachlik Colony-complex,
1998, the large Anachlik Colony-complex gccyrred on the Outer Delta (Figure 17). In previous
experienced predation by both bears and Goldejears, we found Brant at 2-9 colonies in this area.
Eagles, but this predation apparently occurred aftefhe distributional patterns that we have observed in
our nesting survey. _ ~_ all years on the delta were consistent with longer-
We recorded eight Brant nesting locations inerm studies conducted between the Colville and
the Development Area during aerial surveys in 199&uparuk rivers that found that most76%) Brant
(Figure 17), less than the 10 locations recorded iRjest within 5 km of the coast (Stickney et al. 1994);
1997, but greater than the 1-5 colonies counted ifhe percentage on the Colville Delta is >90% because

previous years (Johnson et al. 1998). We found ongs the size of the Anachlik Colony-complex.
Brant nesting location (two nests) in the Facility Area

in 1998, and four locations (1-3 nests each) jusBrood-rearing
outside its boundary (Figure 18). In 1997, three

nesting locations (of one nest each) were foung[%e Data from both a multi-year banding study in

neighboring oilfields and our surveys indicate
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Results and Discussion

that brood-rearing groups of Brant from the Colvilleoccurred in 1992, when only 45 adults and no goslings
Delta disperse as far east as the Kuparuk River delteere seen. The absence of goslings in 1992 was
(Anderson et al. 1996, Martin and Nelson 1996due, in part, to predation of nests in the Anachlik
Martin et al. 1997), and as far west as theColony-complex by a bear (J. Helmericks, pers.
Tingmeachsiovik River (Smith et al. 1994). On thecomm.).
delta in 1998, we counted 1,974 Brant (836 adults/  Unlike 1997, when a small brood-rearing group
subadults and 1,138 goslings) at 13 locations duringgas observed during ground surveys in the
a systematic survey for geese (Figure 19, Table 22Development Area, we saw no Brant in this area in
The size of Brant flocks during brood-rearing ranged.998. The predominant pattern for most Brant is to
from 36 to 280 birds, and the mean percentage akar their broods along the coast (Stickney and
goslings was 62% (range = 48—-78% 13 groups), Ritchie 1996). A study in the adjacent Kuparuk
compared to 48-52% goslings in previous years. Oilfield found four of six radio-tagged Brant that
The number of Brant observed on the deltanested inland reared their broods on inland lakes
during brood-rearing in 1998 was the highest coun{Stickney 1997), but these Brant were in small brood-
since surveys were started by USFWS in 1988earing groups (<10 broods) and represented only a
(Table 22). The high number probably reflectedsmall percentage of all brood-rearing Brant in the
moderate productivity at the still-growing Anachlik oilfield.
Colony-complex despite the predation that occurred

on some of the outer islands (USFWS, unpubl. datak;all Staging

and a shift in distribution of brood-rearing groups. During fall staging in 1998, we saw 293 Brant in
The number of Brant_observed between thg 1 5cations on the delta (Figure 20), and group sizes
Elaktoveach and Nechelik channels was the Iarge%‘nged from 6 to 80 birdsx(= 27 birds). The
ever recorded, while aerial surveys in the Kuparm?lumber of Brant counted on the delta d'urin this
Qilfield indicated that only moderate numbers (701) tal i1 1998 I than i 91996
had moved from the Anachlik Colony-complex tpc0asIal survey in was lower than in

brood-rearing areas between Oliktok and Milne ?(’2’5357(1 blrt;jst), 19$5h(4?h9 b'lrdlsg)ézaggolbg?js
points, usually a primary destination for brood-( Irds), but was higher than in ( irds)

and 1997 (227 birds). A systematic, delta-wide

rearing groups from that colony (ABR, unpubl. data). :
The sg(?ondplargest count of Zéults andpgoslings )o urvey (50% coverage) for staging geese conducted

the delta during brood-rearing occurred in 1995°Nn€e day prior to the coastal survey in 1998 recorded

when 1,480 birds were seen, and the lowest cou t39 Brant at 15 locations, similar to the systematic

Table 22. Abundance, distribution, and percentage of goslings in brood-rearing groups of Brant on the
Colville River Delta, Alaska, during late July—early August. Data for years prior to 1992 are
from Bayha et al. (1992); data for 1992, 1993, and 1995-1998 are from ABR (unpubl. data)
and this study.

East Channel to Elaktoveach Channel to Total No. of Percent
Year Elaktoveach Channel Nechelik Channel Birds Groups Goslings
1998 1,040 934 1,974 13 62
1997 242 180 422 8 40
1996 490 503 993 7 52
1995 1,175 305 1,480 6 48
1993 590 130 720 5 52
1992 0 45 45 2 0
1997 410 100 510 no data no data
199G 433 195 628 no data no data
1988 70 103 173 no data no data

@ Counts were a mean of two surveys, except in 1991, when one survey was conducted between the Elaktoveach and Nechelik channels.
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Results and Discussion

survey in 1997 (387 birds at 15 locations). Thebeen intermittent and sample sizes were inadequate

difference in numbers between survey types probablfpr an analysis of habitat selection (low numbers in

reflects differences in methodology, but also maythese areas may result from a lack of suitable habitat).

indicate daily variations in use (i.e., some groupd herefore, we restricted our analysis to those

seen during the systematic survey had departed tiportions of the Outer Delta that we surveyed

delta prior to the coastal survey). completely in 1992, 1993, and 1995-1998; the
We saw no Brant either in the Facility Area orbrood-rearing analysis included 1992, 1993, 1995,

Development Area during the coastal survey for falll996, and 1998 (in 1997, we did not conduct a

staging in 1998 (Figure 20), but we did record onecomparable coastal survey).

group of 20 within the Development Area during

the systematic survey. In 1996, we saw three grougsesting

in the Development Area, and we saw one group

: L ) Seventeen colonies (excluding the Anachlik
just south of the Facility Area in 1995.

Colony-complex) comprising 114 nests (maximal
estimate among all years) have been used by nesting
HABITAT SELECTION Brant in that part of the Outer Delta that was surveyed
Brant primarily use coastal areas during nestinggonsistently among years (Table 23). At those
brood-rearing, and fall staging (Figures 17, 19colonies, nesting Brant used 6 of 21 available
and 20). Although we have found small nestinghabitats, and 2 of those habitats—Salt-killed Tundra
colonies or single nests in the Development Area anand Aquatic Sedge with Deep Polygons—were
Transportation Corridor, surveys of these areas haymweferred. These two habitats contained the most

Table 23. Habitat selection by nesting Brant (based on the cumulative locations of colonies) in the Outer
Delta survey area, Colville River, Alaska, 1993, and 1995-1998 (Johnson et al. 1998, this

study).
Max. Selection Monte

Area Estimate No.of Use Availability Index Carlo
Habitat (km?) of Nests Colonies (%) (%) (Ivlev's E}f Result§
Open Nearshore Water (marine) 10.46 0 0 0 4.2 -1.00 ns
Brackish Water 6.41 8 2 11.8 2.6 0.64 ns
Tapped Lake w/ Low-water Connection 5.54 0 0 0 2.2 -1.00 ns
Tapped Lake w/ High-water Connection 2.20 0 0 0 0.9 -1.00 ns
Salt Marsh 1311 21 3 17.7 5.2 0.54 ns
Tidal Flat 55.89 0 0 0 22.3 -1.00 avoid
Salt-killed Tundra 2325 41 6 35.3 9.3 0.58 prefer
Deep Open Water w/o Islands 2.07 0 0 0 0.8 -1.00 ns
Deep Open Water w/ Islands or Polygonized Margins 2.64 0 0 0 11 -1.00 ns
Shallow Open Water w/o Islands 0.70 0 0 0 0.3 -1.00 ns
Shallow Open Water w/ Islands or Polygonized Margins  0.26 0 0 0 0.1 -1.00 ns
River or Stream 49.41 0 0 0 19.7 -1.00 avoid
Aquatic Sedge Marsh 0 - - - 0 - -
Aquatic Sedge w/ Deep Polygons 7.62 13 4 235 3.0 0.77 prefer
Aquatic Grass Marsh 0.37 0 0 0 0.1 -1.00 ns
Young Basin Wetland Complex 0 - - - 0 - -
Old Basin Wetland Complex 0 - - - 0 - -
Nonpatterned Wet Meadow 15.33 16 1 5.9 6.1 -0.02 ns
Wet Sedge—Willow Meadow 16.55 15 1 5.9 6.6 0.06 ns
Moist Sedge—Shrub Meadow 2.49 0 0 0 0.1 -1.00 ns
Moist Tussock Tundra 1.68 0 0 0 0.7 -1.00 ns
Riverine or Upland Shrub 1.25 0 0 0 0.5 -1.00 ns
Barrens (riverine, eolian, lacustrine) 32.99 0 0 0 13.2 -1.00 ns
Artificial (water, fill, peat road) 0.02 0 0 0 <0.1 -1.00 ns
Total 250.25 114 17 100 100

#Ivlev's E = (use — availability)/(use + availability); calculated for number of colony locations only.
P Significance calculated from 1,000 simulations at 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.
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colonies (6 and 4 colonies, respectively), and SalttJohnson and Herter 1989; Ritchie et al. 1990; ABR,
killed Tundra contained more nests (41) than all otheumnpubl. data). These islands usually are composed
habitats. Tidal Flats and River or Stream were thef sand or gravel, with minimal vegetation, similar
only habitats avoided. Basin Wetland Complexesto the Barrens habitat used by Brant in the Anachlik
which typically are favored by Brant elsewhere onColony-complex.
the Arctic Coastal Plain (Stickney and Ritchie 1996),  We collected detailed information on the habitat
were not available in the Outer Delta survey area. of 25 individual nests located during ground searches
The islands in the Anachlik Colony-complex, in the Development Area in 1995-1998 (Table 25).
which contain nearly 1,200 nests, consist of larg®©ver 80% of the nests were in Deep Open Water
areas of Barrens (including partially vegetated areasyyith Islands or Polygonized Margins (10 nests),
Wet Sedge—Willow Meadow, and Tidal Flat (which Aquatic Sedge with Deep Polygons (5 nests) and
periodically is flooded and not available for nesting) ,Non-patterned Wet meadow (5 nests). Additional
and smaller proportions of Nonpatterned Wetmests were in Shallow Open Water with Islands or
Meadow, Moist Sedge—Shrub Meadow, Salt-killedPolygonized Margins, Salt Marsh, and Tapped Lake
Tundra, Salt Marsh, Aquatic Sedge with Deepwith High-water Connection. The largest colony
Polygons, and both types of Deep and Shallow watetecated during ground searches in 1995 (6 nests)
(Table 24). No quantitative information is availablestraddled two different habitat types (Deep Open
on the location of nests in these habitats, so theyater with Islands or Polygonized Margins and
were not included in our selection analysis. Severahquatic Sedge with Deep Polygons). All nests
islands that supported colonies (e.g., Plover, Swamxcept one were located <1 m from permanent water.
and Turnstone islands) contain large proportions ofhe nests were near lake habitats, which included
Barrens, but only on Brant Island and Salt GrasPeep Open Water (both types; 64% of nests),
Dunes, where only Barrens and Tidal Flat occur, ar€hallow Open Water with Islands or Polygonized
Brant known to nest almost exclusively in BarrensMargins (20%), and Tapped Lakes (both types;
An unknown proportion of the Brant on Char Island16%).
also nest in Barrens, but more nests in this colony
are located in the adjacent Salt Marsh. The use &rood-rearing

Barrens by Brant in the Anachlik Colony-complex During brood-rearing in 1993, 1995, 1996, and

is notable because Brant did not nest in this habitalt998 we saw 45 groups of Brant in 11 different

elsewhere on the delta (Table 23). habitats, with salt-affected habitats receiving the
Surveys of nesting Brant from Prudhoe Bay to

o _ reatest use (Table 26). Habitat use in 1998 is
as far west as Kasegaluk Lagoon indicate that 'Slan%esented in Appendix C4. Over all years, Brackish

at the mouths of river deltas have _supported Iar_gevva,[er was used by the most Brant brood groups
numbers of Brant than have mainland coloniegz3oy and was the only preferred habitat on the delta.
(Ritchie 1996; ABR, unpubl. data). In the oilfields 1o oiher salt-affected habitats used included Open
in particular, the largest colonies (100-250 nestS\igarshore Water, Salt Marsh, Salt-killed Tundra,
are located on islands at the mouth of the Kuparulﬁdal Flat, and Tapped Lake with Low-water

River delta and on Howe and Duckislands, near the,onnection. Tidal Flat was the only habitat that was
mouth of the Sagavanirktok River delta. Thes%sed significantly less than its availability

islands tend to be isolated from the mainland during@i_e_ avoided). Brood-rearing groups frequently

spring breakup, which provides some protection fro"i'noved into nearby water when disturbed by our
terrestrial predators such as arctic foxes, and th@hrvey aircraft, so the high use of waterbodies

feature may be more important to nesting Brant thaBrobany is the result of some broods moving from

the specific habitats occupying the islands. Isolateq i, cent foraging habitat (most likely Salt Marsh)

barrier islands also are used by Brant nesting iig’ o+ ajrcraft approached. Brood-rearing groups
Kasegaluk Lagoon in northwestern Alaska (DivOKYyendeq 1 be close to five types of waterbody habitats:
1978, Lehnhausen and Quinlan 1981, Ritchie 1996y, yish water (58% of 48 groups), River or Stream

and those nesting off the coast of the oilfields on th%ZS%) Open Nearshore Water (12%), Tapped Lake
Niakuk Islands and other areas of the arctic coast ’ '
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Table 24. Habitat availability (%) for islands in the Anachlik Colony-complex, Colville River Delta, Alaska. Brant nestewmtee cluring
ground searches in 1998 (USFWS, unpubl. data). The colony at Show Goose Lake was nhot in an area classified for habitat.

Availability by Island (%)

Salt-Grass

Anachlik  Brant Char Dune Eskimo Plover  Dunes Seal Swan Turnstone White-front
Habitat (391 nests)221 nests)(204 nests) (2 nests) (156 nests)(34 nests) (7 nests) (0 nestd (89 nests) (77 nests) (4 nests)
Open Nearshore Water (marine) 0 0 0 0 0 0 0 0 0 0 0
Brackish Water 0 0.7 0 0 0 0 0 0 0.5 0 0
Tapped Lake w/ Low-water Connection 0 0 0 0 0 0 0 0 0 0 0
Tapped Lake w/ High-water Connection 0 0 0 0 0 0 0 0 0 0 6.4
Salt Marsh 0.3 0 3.7 0 0 11.9 0 3.0 8.3 15 0
Tidal Flat 14.5 96.1 89.3 0 0 0 97.9 0 0 0 0
Salt-killed Tundra 2.0 0 0 3.7 30.7 0 0 0 0 0 3.4
Deep Open Water w/o Islands 0 0 0 4.3 0 0 0 0.8 1.0 0 0.1
Deep Open Water w/ Islands or Polygonized 0 0 3.1 0 0

Margins 7.0 0 0 6.7 0 0.6
Shallow Open Water w/o Islands 11 0 0 0.7 0 0 0 0.8 0 0.2 0.2
Shallow Open Water w/ Islands or Polygonize 0 0 0 0 0
Margins 13 0 0 0.8 0 0.9

River or Stream 0 0 0 0 0 0 0 0 0 0 0
Aquatic Sedge Marsh 0 0 0 0 0 0 0 0 0 0 0
Aquatic Sedge w/ Deep Polygons 6.1 0 0 8.8 0 0 0 5.1 0 0 7.1
Aquatic Grass Marsh 0 0 0 0 0 0 0 0 0 0 1.8
Young Basin Wetland Complex 0 0 0 0 0 0 0 0 0 0 0
Old Basin Wetland Complex 0 0 0 0 0 0 0 0 0 0 0
Nonpatterned Wet Meadow 32.3 0 0 14.4 0 0 0 15.8 7.8 0 9.8
Wet Sedge-Willow Meadow 20.4 0 0 324 0 0 0 20.7 0 0 52.7
Moist Sedge—Shrub Meadow 3.4 0 0 0 29.3 0 0 6.7 10.6 0 0
Moist Tussock Tundra 0 0 0 0 0 0 0 0 0 0 0
Riverine or Upland Shrub 1.0 0 0 2.3 0 3.3 0 1.4 0 0.9 0.1
Barrens (riverine, eolian, lacustrine) 10.1 3.2 7.0 25.9 40.0 84.8 2.1 42.8 71.8 97.4 16.9
Artificial (water, fill, peat road) 0.6 0 0 0 0 0 0 0 0 0 0
Total 100 100 100 100 100 100 100 100 100 100 100
Total area (ki) 4.0 2.4 11 4.4 0.5 0.9 0.8 1.8 1.4 12 3.0

& A brown bear destroyed all nests before the nest census began.
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Table 25. Habitat use and nearest waterbody habitat of individual Brant nests located during ground
searches in the Development Area, Colville River Delta, Alaska, 1995-1998 (Johnson et al.

1998, this study).

No. of Use
Habitat Nests (%)
HABITAT USED
Tapped Lake w/ High-water Connection 2 8.0
Salt Marsh 1 4.0
Deep Open Water w/ Islands or Polygonized Margins 10 40.0
Shallow Open Water w/ Islands or Polygonized Margins 2 8.0
Aquatic Sedge w/ Deep Polygons 5 20.0
Nonpatterned Wet Meadow 5 20.0
Total 25 100
NEAREST WATERBODY HABITAT
Tapped Lake w/ Low-water Connection 1 4.0
Tapped Lake w/ High-water Connection 3 12.0
Deep Open Water w/o Islands 2 8.0
Deep Open Water w/ Islands or Polygonized Margins 14 56.0
Shallow Open Water w/ Islands or Polygons 5 20.0
Total 25 100

@ Nearest waterbody(.25 ha in size) was measured from the digital map.

Table 26. Habitat selection (pooled among years) by Brant brood-rearing groups in the Outer Delta
survey area, Colville River, Alaska, 1993, 1995, 1996, and 1998 (Johnson et al. 1997, this

study).

No. of
Area Brood-rearing Use Availability

Selection Monte

Index Carlo

Habitat (km®)  Groups (%) (%)  (vlev's E}f Result8
Open Nearshore Water (marine) 10.46 5 111 4.8 0.40 ns
Brackish Water 6.29 15 333 29 0.84 prefer
Tapped Lake w/ Low-water Connection 5.17 1 2.2 2.4 -0.03 ns
Tapped Lake w/ High-water Connection 2.06 0 0 0.9 -1.00 ns
Salt Marsh 12.61 4 8.9 5.8 0.21 ns
Tidal Flat 55.89 4 8.9 255 -0.48 avoid
Salt-killed Tundra 22.22 5 111 10.1 0.05 ns
Deep Open Water w/o Islands 0.69 0 0 0.3 -1.00 ns
Deep Open Water w/ Islands or Polygonized Margins 1.78 0 0 0.8 -1.00 ns
Shallow Open Water w/o Islands 0.53 1 2.2 0.2 0.80 ns
Shallow Open Water w/ Islands or Polygonized Margins 0.20 0 0 0.1 -1.00 ns
River or Stream 43.15 5 111 19.7 -0.28 ns
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 6.40 1 2.2 29 -0.14 ns
Aquatic Grass Marsh 0.19 0 0 0.1 -1.00 ns
Young Basin Wetland Complex 0 - - 0 - -
Old Basin Wetland Complex 0 - - 0 - -
Nonpatterned Wet Meadow 9.76 0 0 4.5 -1.00 ns
Wet Sedge—Willow Meadow 9.33 1 2.2 4.3 -0.31 ns
Moist Sedge—Shrub Meadow 1.73 0 0 0.8 -1.00 ns
Moist Tussock Tundra 1.68 0 0 0.8 -1.00 ns
Riverine or Upland Shrub 0.81 0 0 0.4 -1.00 ns
Barrens (riverine, eolian, lacustrine) 28.08 3 6.7 12.8 -0.32 ns
Artificial (water, fill, peat road) 0.02 0 0 <0.1 -1.00 ns
Total 219.06 45 100 100

#Ivlev's E = (use — availability)/(use + availability); calculated for brood-rearing groups.
P Significance calculated from 1,000 simulations at 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =

significantly less use than availability.
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with Low-water Connection (2%) and Shallow OpengREATER WHITE-FRONTED GOOSE
without Islands (2%) (Table 27). The mean distance

of brood-rearing groups to the nearest waterbody wdACKGROUND

0.02km. _ The Colville Delta is a regionally important

In addition to the brood-rearing groups seen Ofesting area for White-fronted Geese (Rothe et
coastal surveys in previous years in the Delta survey| 1983). In the early 1980s, the USFWS recorded
area, we saw some groups just outside the survefean densities during June of 6.28 bird€/land
boundaries and some groups during surveys for othgrg nests/ky which were among the highest
species (Figure 19). The habitats used by thesgnsities recorded for these geese and their nests on
additional groups (Table 27) were not appreciablyne Arctic Coastal Plain of Alaska (Simpson and
different than those used by Brant seen on the Coasﬁﬂbgson 1982, Rothe et al. 1983, Simpson 1983).
surveys in the Delta survey area (Table 26), andjnce then, higher nest densities (3.8 nes®/kave
reaffirmed the importance of salt-affected habitat$;een found on the delta in an area searched

and the coastal zone to Brant during the brooditensively for goose nests (Johnson et. al. 1999).
rearing season.

Table 27. Habitat use by Brant and distance to nearest waterbody during brood-rearing in the Delta
survey area, Colville River, Alaska, 1992, 1993, 1996, and 1998 (Johnson et al. 1997, this
study). Brood-rearing groups were located during aerial surveys and include groups located
just outside the Delta survey area boundaries.

No. of Mean Distance

Brood-rearing Use to Waterbody
Habitat Groups (%) (km)
HABITAT USED
Open Nearshore Water (marine) 6 125 -
Brackish Water 16 33.3 -
Tapped Lake w/ Low-water Connection 1 2.1
Salt Marsh 4 8.3 -
Tidal Flat 4 8.3 -
Salt-killed Tundra 5 10.4 -
Shallow Open w/o Islands 1 2.1
River or Stream 6 125 -
Aquatic Sedge w/ Deep Polygons 1 2.1 -
Wet Sedge—Willow Meadow 1 2.1 -
Barrens (riverine, eolian, lacustrine) 3 6.3 -
Total 48 100
NEAREST WATERBODY HABITAT
Open Nearshore Water (marine) 6 125 0.01
Brackish Water 28 58.3 0.01
Tapped Lake w/ Low-water Connection 1 2.1 0.00
Shallow Open Water w/o Islands 1 2.1 0.00
River or Stream 12 25.0 0.02
Total 48 100 0.02

@ Distance to nearest waterbody was measured to waterkd&sha in size on the digital map and may not be as accurate as measurements on
the ground.
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DISTRIBUTION AND ABUNDANCE 1996 (25% coverage). We saw no geese on the
Western Delta in either 1998 or 1997, but we did
see 50-60 geese there in both 1995 and 1996.

In 1998, we conducted a systematic aerial survey
(50% coverage) to collect information on theFall Staging

distribution and group sizes of brood-rearing and During fall staging in 1998, large numbers of

molting White-fronted Geese (Table 2). In 1996,,, . " :
we conducted the first systematic survey (25(yWh|te fronted Geese, in groups that averaged <30

h : : brood- “Birds, were distributed throughout the delta in a
coverage), whereas in previous years, broo rearlr\g%lrietyofaquatic and terrestrial habitats (Figure 22).

mformatl_on_ for Whlt_e-frontfsd Geese was COIIecteclThis pattern of staging distribution was similar to
opportunistically during aerial surveys conducted forthat seen in 1997 but different from 1996. when

Brant and eiders. In 1998, we saw 2,389 White, ese were concentrated around river channels and

frontgd Geese_ in 49 groupch_)n the ;le Itai thfggr?at‘%ﬁge lakes in fewer, but larger groups. White-fronted
number seen in any year (Figure 21). In ' W&eese did not concentrate near the coast, as did

saw 2,126 White-fronted Geese, 543 in 199 L .
; : i rant, but were distributed relatively evenly between
(25% coverage), and 1,265 in 1995 (during the Brar} e Outer Delta and the Development Area. On the

surv.ey).. .Group sizes in 1998 ranged between 8 anystematic survey (50% coverage) for fall-staging
190 individuals & = 48.8). These groups generally goase we counted 1,656 birds in 57 groups on the
were distributed throughout the study area_an&ena in 1998, which was similar to 1997 (1,732
typically occurred in or near water, including pirgs). |n contrast, we recorded 1,356 birds on a
Brackish Water, Salt Marsh, Tide Flat, Salt-killedgjmjlar survey, but with only 25% coverage, in 1996.
Tundra, Barrens, Tapped Lake_s (both types), Deeprior to 1996, we made observations
Open Water (both types), and River or Stream. Mog§pportunistically during surveys for focal species.
groups (34 of 49 groups, 69%) were in Brackishyence, the level of effort devoted to sampling White-
Water, Tapped Lake with Low-water Connection, Offronted Geese varied among years. Counts of fall-
both types of Deep Open Water. Goslings composegtaging White-fronted Geese seen on the delta during
~50% of the total number of birds (1,206 of 2,389)1991 1992, and 1995, were 555, 2.250, and 491
seen during the aerial survey in 1998. Thigyeese, respectively (Johnson et al. 1998). Our data
percentage of goslings was greater than that seendpe insufficient to determine whether this annual
1997 (35%), but similar to 1996 (55%). The early, ariation in numbers was due to differences in survey
snowmelt in 1998 probably facilitated early nestjming and intensity or to actual changes in
initiation. Nests that are initiated earlier without 3, ,ndance.
subsequent loss to predation or bad weather, also Approximately half (825) of all staging White-
hatch earlier and produce goslings that grow morgonted Geese in 1998 were seen in the Development
rapidly and_ have better sur\_/lval than gosl_mgs frompreq (Figure 22); the mean group size was 52 birds.
late-hatching nests (Sedinger and Flint 1991ynese numbers and mean group size were similar to
Lindholm et al. 1994). _ what was recorded for this area in 1997 (758 birds
During the systematic surveys for geese in 1998, 12 groups) and in 1996 (737 birds in 10 groups).
we observed 647 White-fronted Geese in 12 groupg, 1991, 1992 and 1995, we opportunistically
in the Development Area; none occurred in thgoynted 194, 20, and 130 birds, respectively, in the
Facility Area. During other surveys around theDeveIopment Area (see Johnson et al. 1998:
Facility Area, however, we did record additional rigyre 27).
groups of these geese (see Johnsqn etal. 1999). In" |, 1998, we counted 788 White-fronted Geese
previous years, we counted 484 White-fronted Geesg 36 groups on the Outer Delta during the systematic
in the Development Area in 1997, and 145 geese fhll-staging survey (Figure 22); mean group size was
1996. _ _ 22 birds. In previous years, we saw 909 White-
During the aerial survey on the Outer Delta infronted Geese in 1997, 564 geese in 1996, and 361
1998, we recorded 1,742 White-fronted Geese in ?ﬁeese in 1995. The largest numbers were seen in

groups, compared to 1,642 in 1997, and only 177 iRgg2  when we counted 1,787 and 2,250 White-

Brood-rearing
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Figure 21. Distribution of brood-rearing and molting groups of Greater White-fronted, Snow, and Canada geese observedtsuinggein
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Results and Discussion

fronted Geese incidentally on other surveys. In 199yere seen on the Outer Delta. In 1998, we recorded
we saw 343 geese on the Outer Delta during a swdaur groups of brood-rearing Snow Geese totaling 75

survey (ABR, unpubl. data). birds (32 adults and 43 goslings) during the systematic
survey for geese, and four groups totaling 97 birds
SNOW GOOSE (36 adults and 61 goslings) during the coastal survey
the following day, the largest number of birds seen so
BACKGROUND far during our studies on the delta (Figure 21). The

Early in this century, Snow Geese may havéumber of Snow Geese seen on the former survey
nested commonly and gathered for molting andvas ~3x greater than the number seen on the
brood-rearing in widespread portions of the Arcticcomparable survey in 1997, the previous high count.
Coastal Plain (Anderson 1913, Bailey 1948,!n both 1995 and 1996, we saw only one group of
Gabrielson and Lincoln 1959). In the past fewSnow Geese during the aerial surveys for brood-
decades, however, only small numbers have nestégaring geese (see Johnson et al. 1998: Figure 28);
sporadically along the Beaufort Sea coast, generalff?€ group seen in 1995 was without goslings. No Snow
west of the Sagavanirktok River Delta (Derksen ef5eese were recorded during surveys in 1992 or 1993,
al. 1981; Simpson et al. 1982; R. J. King, USFwShowever.
pers. comm.). Today, three small colonies _

(26 t0<400 nests) are known from the FallStaging

Sagavanirktok, Ikpikpuk, and Kukpowruk river During late August 1998, we saw one group of
deltas (Ritchie and Burgess 1993). In addition, smalp Snow Geese on the systematic survey for geese,
numbers of Snow Geese, and a few nests, have beggmpared to one group (6 birds) of Snow Geese
recorded between the Kuparuk Oilfield andduring the systematic goose survey and four groups
Kasegaluk Lagoon (King 1970; Ritchie and Burges§37 birds) during the coastal survey in 1997
1993; ABR, unpubl. data). Currently in Alaska, large(Figure 22). We saw three Snow Geese in one group
numbers of Snow Geese only occur during falin |ate August 1996, and 20 in 2 groups in 1995
staging in the Arctic National Wildlife Refuge (Johnson et al. 1998: Figure 27). Similar to brood-

(Johnson and Herter 1989). rearing, all groups were seen on the Outer Delta.
No Snow Geese were seen during staging surveys
DISTRIBUTION AND ABUNDANCE in 1992 or 1993.
Nesting
CANADA GOOSE

Few nests of Snow Geese have been found on
the Colville Delta in any year. In 1998, we found noBACKGROUND

Snow Goose nests opportunistically during any of
PP y g any Several hundred Canada Geese nest along the

our aerial surveys, and no ground surveys wer ) .
y g y Eaanks and bluffs of the upper Colville River (Kessel

conducted on the Outer Delta where nests occurre .
in previous years. Nests were observed in 1997 an d Cade 1958). Prior to 1996, Canada Geese were

1995 on aerial surveys, and in both 1993 and 199£IO'[ reported nesting either on the Colville Delta or
two nests were founoi each year during groun. NPR-A, although local residents have observed
searches (Johnson et al. 1998). We found no Sno anada Geese nesting in the NPR-A at least since
Goose nests on the Colville Delta in 1996, althoug © 198gs (t‘]‘inHelmtef[”ka' Iperst.i %Omn:]')éh Cir;at?a
we saw a few scattered nests just west of the delt eese nes scattered jocations o e Arctic

near the mouth of Fish Creek. All nests were <5 km |0?§t9a1|-F:§g east ogltr;e tCoIvH(Ije River (RI'tCh'et et
from the coast in the Outer Delta survey area. al ! » UNPULL. da a) and commonly nest on
islands in wetlands in the Prudhoe Bay area (Troy

1985, Murphy and Anderson 1993). A major molting
area for these geese is located near Teshekpuk Lake,
Small groups of Snow Geese have been seen {flest of the Colville Delta (Derksen et al. 1979).
most years during brood-rearing surveys for Greates|though the Colville Delta has not been identified
White-fronted Geese and Brant and all these groupss an important m0|t|ng or brood_rearing area for

Brood-rearing
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Canada Geese, it is important during fall migrationJohnson et al. 1998: Figure 27). In 1996, the only
(Smith et al. 1994), when geese traveling along thether year a systematic survey (25% coverage) was
Beaufort Sea coast stop and feed (Johnson amnducted, we recorded 1,486 Canada Geese on the
Richardson 1981, Garner and Reynolds 1986). delta. In other years, the numbers seen incidentally
were less: 923 birds in 1995, 825 birds in 1993, and
DISTRIBUTION AND ABUNDANCE 310 birds in 1991. What influences the variability
in numbers of Canada Geese and their use of the
delta during fall staging is unclear, but some of this
In 1998, we did not find any Canada Goose nestgariability probably is an artifact of the intensity and
during aerial surveys, although we did find two nestsiming of aerial surveys.
during ground surveys in the vicinity of the Facility In 1998, we saw 2 groups totalling 84 birds in
Area (see Johnson et al. 1999). In 1997, we founghe Development Area during the staging survey
one Canada Goose nest on the Outer Delta near tlEigure 22), but we saw additional groups during
Nechelik Channel and two nests just west of the deltgurveys that covered lakes in and around the Facility
in NPR—A during aerial surveys. At one of thesearea (Johnson et al. 1999). In 1997, we saw 1 group
locations in NPR-A, we saw 10 Canada Goose nesgf 12 Canada Geese in the Development Area
in 1996, the first documented record of them neStinQ(Figure 26) during the aerial survey and 2 groups of
close to the delta or in the NPR-A (Johnson et ah 95 birds during a ground survey. In 1996, we saw
1997). The nest found on the Outer Delta was thg groups containing 426 geese in the Development
first record we have of a Canada Goose nest on thgrea and in 1995, 1 group of 75 birds (Johnson et

Nesting

delta. al. 1998: Figure 27). The only other observation of
_ this species in the Development Area was in 1991,
Brood-rearing when 65 geese were seen, 30 of which occurred in

In 1998, we observed one brood-rearing grouphe Facility Area (ABR, unpubl. data).
of Canada Geese (8 adults and 16 goslings) during ©On the Outer Delta in 1998, we saw 1,182
the systematic survey for geese, the first record d¢anada Geese in 33 groups (Figure 22). In previous
these geese during either this survey or the coastéars, we recorded 2,089 Canada Geese in 1997,
Brant survey, and only the third record of these geesb050 geese in 1996, and 245 geese in 1991. One
on the delta during the brood-rearing/molting periodroup of Canada Geese (10 birds) was seen in the
(Figure 21). This brood-rearing group was observedvestern Delta survey area during fall staging in 1998.
on the Outer Delta. In 1997, we observed twdJse of this area was limited and variable among
Canada Geese (adults or subadults) in th¥ears. No Canada Geese were seen in the Western
Development Area during a ground survey in mid-Delta survey area during fall staging in 1997,
July. The only other year when Canada Geese wepdthough 10 were seen there in 1996 (Figure 22).
seen on the delta was 1993, when a group of 30 was
seen during a ground survey on the Outer Delta. ARCTIC AND RED FOXES

Fall Staging BACKGROUND

During fall staging, Canada Geese occurred in _ BOth arctic and red foxes occur in northern
large numbers and used coastal areas of the outalaska on the Arctic Coastal Plain. Arctic foxes are
Delta more than other areas on the delta. In 1995°MMon on the coastal plain. Red foxes are common
we observed 1,276 Canada Geese in 36 groups durifiythe foothills and mountains of the Brooks Range,
the systematic survey (50% coverage) for geesgut are restricted largely to major drainages (such
(Figure 22). In 1997, we recorded 2,101 Canad8S the Colville and Sagavanirktok rivers) on the
Geese during the systematic survey (50% coverag&))aStal plain, where they are much less common than
for geese, but one day later, we recorded 1,9391€ arctic fox (Eberhardt 1977). Red foxes are
Canada Geese during the coastal Brant survey. TRYYressive toward arctic foxes and will displace them
greatest numbers of Canada Geese were recorded i feeding areas and den sites (Schamel and Tracy
1992, when we counted 10,950 Canada Geese o0 Hersteinsson and Macdonald 1992).
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Arctic foxes in northern Alaska breed in late database in 1998: two in the Transportation Corridor
March or April, and pups are born in late May orand one on the Colville Delta. No new sites were
June after a gestation period of ~52 days (Chesemofeund during our systematic search of most of the
1975). Pups first emerge from dens at 3—4 weeks @uter Delta on 28 June 1998. We suspect additional
age (Garrott et al. 1984), and dens are occupied frodens are present in other areas of the Outer Delta
late spring until pups disperse in mid-Augustnot yet searched thoroughly, particularly because of
(Chesemore 1975). Throughout their circumpolathe abundance of arctic ground squirrel burrows in
range, arctic fox litters average 4-8 pups but cadune habitats on the delta, which make it difficult to
range up to 15 pups (Chesemore 1975, Follmann amistinguish fox dens.

Fay 1981, Strand et al. 1995). Of the 54 confirmed dens, all 5 red fox dens

Survival of arctic fox pups to weaning is highestand 15 arctic fox dens are on the Colville Delta, 20
in years when small mammals (primarily lemmings)arctic fox dens are in the Transportation Corridor,
are abundant (Macpherson 1969). Causes of pugnd the remaining 14 arctic fox dens are located north
mortality include predation, starvation, and siblingand south of the corridor (Table 28). The density of
aggression (Macpherson 1969, Garrott and Eberhardtd fox dens on the delta was 1 den/116; Kew
1982, Burgess et al. 1993). For both arctic and redomparative data are available for this species from
foxes, lemmings and voles are the most importandther arctic tundra areas. The overall density of
year-round prey, supplemented by carcasses afctic fox dens (active and inactive) in the combined
caribou and marine mammals and, in summer, bipelta (551 kmd) and Transportation Corridor
arctic ground squirrels and nesting birds and thei343 kn%) survey areas is 1 den/26 knThe density
eggs; garbage is eaten when available (Chesemooe the Delta (1 den/37 Knis lower than in the
1968, Eberhardt 1977, Garrott et al. 1983b). Transportation Corridor (1 den/17 knTable 29),

Several studies of arctic foxes in and near th@robably due to the more limited availability of
North Slope oilfields have been conducted since thsuitable denning habitat on the Outer Delta. The
late 1970s (Eberhardt 1977; Eberhardt et al. 1982verall density is higher than the 1 den/34?km
1983; Fine 1980; Burgess et al. 1993). Before oureported by Eberhardt et al. (1983) for their Colville
surveys in recent years (Smith et al. 1993, 1994tudy area (which extended farther east—west than
Johnson et al. 1996, 1997, 1998), the research ofirs, but not as far inland). The overall density we
greatest relevance on the Colville Delta was that byeport for arctic foxes is intermediate between those
Garrott (1980; also see Garrott et al. 1983a), wheeported for developed areas of the Prudhoe Bay
studied arctic foxes in the region in the late 1970sQilfield (1 den/12—-13 kify Eberhardt et al. 1983,

Burgess et al. 1993) and undeveloped areas nearby

(1 den/72 krfy Burgess et al. 1993), and is slightly
DEN NUMBERS, DISTRIBUTION, AND higher than the mean densities reported for large
OCCUPANCY areas of tundra in the Northwest Territories (1 den/

In six years of surveys and contacts with otheP® K Macpherson 1969) and Siberia (1 den/

observers, we have located 54 fox dens between trj¢ K Boitzov 1937, as cited in MacPherson 1969)
western edge of the Colville Delta and the westeri!aPl€ 29). o _

edge of the Kuparuk Oilfield (Figure 23). In 1998, Based on br.|ef visits at 46 arctic fox dens and
49 of these dens were classified as arctic fox derd@N9er observations at 11 of those dens between
and 5 were occupied by red foxes: one of the red fog® June and 13 July, we confirmed that pups were
dens was used formerly by arctic foxes. We hav@resentat 7 natal dens _and suspected that pups were
been unsuccessful in locating 4 other dens on tH¥€Sent at 4 other (active) dens (Table 30). Thus,
Colville Delta reported to us by other researcherd1€ number of natal dens with pups was in the range
(M. North, unpubl. data; S. Earnst, pers. comm.)Pf 7-11 (15-23%) of the 46 arctic fox dens checked;
Our sample of confirmed dens has increased in eadA€ rémaining (inactive) dens showed signs of
year of study, from 6 dens in 1992 to 54 dens ir?ccasmnal use by adults only or were completely

1998. Three arctic fox dens were added to thi1active (Table 30). Arctic fox pups were known or
suspected to be present only at dens on the Colville
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Results and Discussion

Table 28. Landforms, activity status, and humbers of pups seen at arctic and red fox dens on the Colville

River Delta and adjacent coastal plain, Alaska, during the 1995-1998 seasons.

No. of PupB Statu$
Location/Species/Landform 1998 Status (1998) 1997 1996 1995
DELTA
Arctic Fox
old dune natal 3 inactive natal inactive
old dune inactive - inactive? inactive natal
dune/lake bank inactive - inactive? natal inactive
lake bank natal? 0? natal? natal inactive
dune/lake bank inactive - inactive natal natal
dune/lake bank active 0? natal natal secondary?
dune ridge natal 2 inactive? natal natal
dune mound inactive - inactive? inactive inactive
dune/riverbank natal 1 natal natal secondary
dune/lake bank nd - nd inactive inactive
low ridge natal 3 active secondary? secondary?
low dune ridge inactive - natal secondary -
sand dune inactive - inactive nd -
low mound natal? 0? inactive - -
sand dune inactive - - - -
Red Fox
dune/lake bank active 0? inactive? inactive inactive
sand dune active 0? inactive inactive natal
sand dune natal 2 active natal secondary?
dune/riverbank natal? 0? inactive natal natal
sand dune natal 6 active? natal natal
TRANSPORTATION CORRIDOR
Arctic Fox
pingo inactive - inactive natal secondary
pingo inactive - inactive natal natal
stream bank inactive? - inactive? natal natal
drained-lake bank inactive — inactive inactive inactive
ingo inactive - inactive inactive inactive
ake bank inactive - inactive? natal natal
lake bank inactive — inactive natal inactive?
low ridge nd - inactive inactive inactive
low ridge nd - inactive inactive inactive
drained-lake bank inactive - active inactive inactive
lake bank inactive - inactive? natal -
terrace bank inactive - active secondary -
low mound inactive - active natal -
terrace bank inactive - inactive natal -
lake bank inactive - inactive natal -
drained-lake bank inactive - inactive? active -
low mound inactive - active - -
drained-lake island inactive - inactive - -
pingo ridge inactive - - - -
drained-lake bank inactive - - - -
NORTH OR SOUTH OF TRANSPORTATION CORRIDOR
Arctic Fox
pingo inactive - natal inactive inactive
pingo natal 3 inactive natal secondary
pingo inactive - natal inactive inactive
stream bank inactive - natal inactive natal
drained-lake bank inactive - inactive inactive inactive
drained-lake bank natal 5 natal inactive? secondary
old gravel pad inactive - inactive inactive inactive
lake bank natal 4 natal? inactive? -
stream bank inactive - inactive natal -
stream bank inactive inactive inactive -
stream bank active - natal inactive -
drained-lake bank inactive - natal natal -
drained-lake bank inactive - natal? - -
drained-lake bank inactive - secondary - -

#Based on observations between 26 June and 13 July (26—-28 June and 10-13 July for most dens); question mark indicttes uncertain

regarding status (“active” means natal vs. secondary status could not be determined); nd = no data (site not checked).
Number of different pups counted; question mark indicates count suspected to be incomplete; dashes indicate no datiadsitdhot
¢ Sources: 1997—Johnson et al. (1998); 1996—Johnson et al. (1997); 1995—Johnson et al. (1996).
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Table 29. Densities of arctic fox dens in the Delta and Transportation Corridor survey areas, Colville
River, Alaska, compared with data from other tundra areas. Table was modified from Burgess
et al. (1993: Table 3).

Den Densit§

Location (1 denk knv) Sourc8

COLVILLE WILDLIFE STUDY
Delta survey area 37 This study
Transportation Corridor survey area 17 This study

OTHER STUDIES
Colville Delta and adjacent areas 42 Garrott 1980
Colville Delta and adjacent areas 34 Eberhardt et al. 1983
Prudhoe Bay Oilfield 12 Eberhardt et al. 1983
Prudhoe Bay Oilfield (developed areas) 13 Burgess et al. 1993
Undeveloped tundra near Prudhoe Bay 72 Burgess et al. 1993
Sagavanirktok River delta, Alaska 25 Burgess and Stickney 1992
Okpilak River (ANWR), Alaska 13 Spindler 1978
Yukon—Kuskokwim Delta, Alaska 1 Anthony et al. 1985
Yukon Territory coastal plain 22 Smith et al. 1992
Herschel Island, Yukon Territory 3 Smith et al. 1992
Banks Island, Northwest Territories 22-141 Urquhart 1973
Keewatin, Northwest Territories 36 Macpherson 1969
Taymyr Peninsula, Russia 0.5 Sdobnikov 1958
Bol'shezemel'skaya Tundra, Russia 2 Danilov 1958
Bol'shezemel'skaya Tundra, Russia 16 Dementyiev 1958
Siberia ("tundra zone") 32 Boitzov 1937
Turukhansk region, Russia 50 Boitzov 1937

a

x = number listed in column; e.g., den density is 1 den/Frkthe Colville Delta survey area.
P Russian sources from Macpherson (1969) and Garrott (1980); size of study area is unknown for some references.

Table 30. Occupancy and activity status of arctic fox dens on the Colville River Delta and adjacent
coastal plain, Alaska, during the 1993 and 1995-1998 denning seasons.

1998 1997 1996 1995 1993
Den Status No. % No. % No. % No. % No. %
Natal 7 15 4 9 22 51 9 26 5 22
Secondary - - - - 3 7 2 6 7 30
Active ? 4 8 7 17 4 9 2 6 - -
Inactive® 35 76 33 74 14 33 21 62 11 48
Total 46 44 43 34 23

@ Dens showing heavy use, but for which natal vs. secondary status, could not be determined.
® Dens showing no signs of activity or dens showing limited use by adults, but not pups.
¢ Sources: 1997—Johnson et al. (1998); 1996—Johnson et al. (1997); 1995—Johnson et al. (1996); 1993—Smith et al. 1994
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Delta or north and south of the Transportatiordens, which may result in splitting of litters among
Corridor; for the first time in this study, pups wereseveral dens by one family (Garrott 1980, Eberhardt
not observed at any of the dens in the corridor. et al. 1983). Garrott (1980) noted that movements
At 23%, den (natal, secondary, and activefrom natal dens to secondary dens typically occurred
categories combined) occupancy by litters wasfter early to mid-July when the young were 5-7
relatively low in 1998, similar to 1997 (26% of 44 weeks old, and that interchange of young between
dens; Table 30). In contrast, den occupancy in 1996ens occurred after the initial move. We were aware
was the highest on record for the Colville area (67%f no such movements in 1998, but we conducted
of 43 dens). In 1995, litters were present at 38% abur observations relatively early in the season.
34 arctic fox dens examined, and in 1993, 52% of = The mean litter size (3.0) for arctic foxes in 1998
23 dens were occupied by litters. Low-intensitywas nearly identical with the 1993 and 1995 means
survey coverage late in the 1992 season resulted of 3.1 pups (Smith et al. 1994, Johnson et al. 1996),
a sample that was too small to calculate meaningfund was half the mean of 6.1 pups from the high-
percentages. In their Colville study area, Eberhardtroduction year of 1996 (Johnson et al. 1997). These
et al. (1983) reported that the percentage of deriSigures were identical to those reported by Garrott
containing pups ranged from 6% to 55% in a 5-yeaf1980) for low and high years of pup production in
period, whereas 56-67% showed signs of activithis Colville study area. In 1978, when small
by adults alone. Burgess et al. (1993) estimated thatammals were abundant on the delta, Garrott (1980)
45-58% of the dens in their study area in the Prudhadosely observed 7 litters (from a total of 23 active
Bay Oilfield produced litters in 1992, although only dens), which averaged 6.1 pups (range = 2-8). In
21% still were occupied by families at the time ofcontrast, he observed only one litter the year before
ground visits in late July—early August. Despite afrom two active dens), when small mammals were
high density of dens on Herschel Island in thescarce, and was unable to obtain a complete litter
northern Yukon (Smith et al. 1992), only 3—-19% ofcount.
a sample of 32 dens examined over 5 years were The low occupancy rate and small number of
used as natal dens in any one year (Smits and Slouglctic fox litters in 1998 led us to infer that, as in
1993). 1997, the density of small mammals in our study
In any year, estimates of pup production musarea was low, although we have no population
be considered minimal because pups often remasampling data on which to base this conclusion. Our
underground for extended periods, making it difficultobservers saw few lemmings or lemming predators
to obtain reliable counts. During 10-13 July 1998(e.g., snowy owls and jaegers) while searching for
we expended 68 person hours observing 11 arctluird nests in the study area. Den occupancy can vary
fox dens and all 5 red fox dens, and were able teubstantially among years and regions in relation to
obtain complete litter counts at 7 arctic fox dens angopulation level and food abundance (Macpherson
2 red fox dens. We counted 21 pups at the 7 arctit969, Chesemore 1975, Garrott 1980, Eberhardt et
fox dens, a mean litter size of 3 pups (Table 28)al. 1983). Therefore, the relatively low occupancy
Observations at dens in 1996-1997 were mogtte of dens and nhumbers of pups produced in 1997—
successful for obtaining pup counts during early1998 are strong circumstantial evidence of low
morning and evening, when foxes were more activabundance of small mammals, contrasting starkly
than during midday. Several 1998 litters werewith 1996, when den occupancy and litter size were
successfully counted even in midday, howeverhigh and small mammals were abundant.
Although all 5 red fox dens were active, we were
able to count pups at only 2 dens (2 and 6 pups, 3ELECTION OF DENNING HABITAT
mean of 4 per Iitter)._Red fox dens are more difficult The presence of permafrost in arctic tundra
to observe than arctic fox dens because they tend Brces foxes to dig dens in locations that have

be located in sand dunes having high topographigyatively deep seasonal thaw layers. Foxes locate
relief and tall shrubs that obscure the dens. dens on raised landforms with well-drained soil;

In some years (such as 1996), estimates of pypica| |ocations on the Arctic Coastal Plain include
production are confounded by the use of secondarrydgesl dunes, lake and stream shorelines, pingos,

1998 Colville Wildlife Report 74



Results and Discussion

and low mounds (Chesemore 1969, Eberhardt et adther habitats used by denning foxes on the delta

1983, Burgess et al. 1993). were Wet Sedge—Willow Meadow (three dens),
Moist Sedge-Shrub Meadow (one den), and
Delta Area Nonpatterned Wet Meadow (one den). Foxes

Because both arctic and red foxes have similafV0ided the extensive river bars and mudflats

denning requirements and will use the same den sit¢82T€NS) on the delta.
in different years, we included dens used by bot
species in our analysis of habitat selection. Fiftee
arctic fox dens and five red fox dens constituted our  We included all 20 arctic fox dens in the
habitat selection sample for the Delta survey arearansportation Corridor in our analysis (Table 32).
Dens were located in 4 of the 13 available habitat$o date, we have found no red fox dens in the
(Table 31). Fifteen dens (75% of the total) were ircorridor, although red foxes have been seen near the
the Riverine or Upland Shrub type (all were in theKalubik Creek drainage in the northeastern portion
upland shrub subtype, rather than riverine shrub)f the corridor. Dens were located in 4 of the 10
the only denning habitat that was preferred. Thavailable habitats. As on the delta, Riverine or Upland

ransportation Corridor

Table 31. Habitat selection by arctic and red foxes denning in the Delta survey area, Colville River,
Alaska. The sample analyzed included all active and inactive dens of arcticrfexes (
15 dens) and red foxes € 5 dens) confirmed during 1992-1998, because both species may
use the same dens in different years.

No. of Selection Monte

Area Fox Use Availability®  Index Carlo
Habitat (km?) Dens (%) (%) (Ivlev's E)’ Result§
Open Nearshore Water (marine) 0 - - 0 - -
Brackish Water 0 - - 0 - -
Tapped Lake w/ Low-water Connection 0 - - 0 - -
Tapped Lake w/ High-water Connection 0 - - 0 - -
Salt Marsh 16.36 0 0 4.3 -1.00 ns
Tidal Flat 55.99 0 0 14.8 -1.00 ns
Salt-killed Tundra 25.62 0 0 6.8 -1.00 ns
Deep Open Water w/o Islands 0 - - 0 - -
Deep Open Water w/ Islands or Polygonized Margins 0 - - 0 - -
Shallow Open Water w/o Islands 0 - - 0 - -
Shallow Open Water w/ Islands or Polygonized Margins 0 - - 0 - -
River or Stream 0 - - 0 - -
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 13.59 0 0 3.6 -1.00 ns
Aquatic Grass Marsh 0 - - 0 - -
Young Basin Wetland Complex <0.01 0 0 <0.1 —-1.00 ns
Old Basin Wetland Complex 0.01 0 0 <0.1 -1.00 ns
Nonpatterned Wet Meadow 41.92 1 5.0 111 —-0.38 ns
Wet Sedge—Willow Meadow 102.37 3 15.0 27.1 -0.29 ns
Moist Sedge—Shrub Meadow 13.40 1 5.0 3.5 0.17 ns
Moist Tussock Tundra 253 0 0 0.7 -1.00 ns
Riverine or Upland Shrub 27.42 15 75.0 7.2 0.82 prefer
Barrens (riverine, eolian, lacustrine) 79.03 0 0 20.9 —-1.00 avoid
Artificial (water, fill, peat road) 0.02 0 0 <0.1 -1.00 ns
Total 378.28 20 100 100

a
b

Aguatic habitats were assigned zero availability for fox dens.

Ivlev's E = (use — availability)/(use + availability).

Significance calculated from 1,000 simulationsiat 0.05: ns = not significant; prefer = use significantly greater than availability; avoid = use
significantly less than availability.

[
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Table 32. Habitat selection by arctic foxes denning in the Transportation Corridor survey area, Colville
River, Alaska. The sample analyzed included all active and inactive dens confirmed during

1992-1998.
No. of Selection  Monte

Area  Fox Use Availability®  Index Carlo
Habitat (km) Dens (%) (%) (Ivlev's E)’ Result§
Open Nearshore Water (marine) 0 - - 0 - -
Brackish Water 0 - - 0 - -
Tapped Lake w/ Low-water Connection 0 - - 0 - -
Tapped Lake w/ High-water Connection 0 - - 0 - -
Salt Marsh 0 - - 0 - -
Tidal Flat 0 - - 0 - -
Salt-killed Tundra 0 - - 0 - -
Deep Open Water w/o Islands 0 - - 0 - -
Deep Open Water w/ Islands or Polygonized Margins 0 - - 0 - -
Shallow Open Water w/o Islands 0 - - 0 - -
Shallow Open Water w/ Islands or Polygonized Margins 0 - - 0 - -
River or Stream 0 - - 0 - -
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 003 O 0 <0.1 -1.00 ns
Aguatic Grass Marsh 0 - - 0 - -
Young Basin Wetland Complex 1423 0 0 5.0 -1.00 ns
Old Basin Wetland Complex 35.60 2 10.0 125 -0.11 ns
Nonpatterned Wet Meadow 2447 0 0 8.6 -1.00 ns
Wet Sedge—Willow Meadow 1987 O 0 7.0 -1.00 ns
Moist Sedge—Shrub Meadow 84.67 10 50.0 29.9 0.25 ns
Moist Tussock Tundra 9462 5 25.0 334 -0.14 ns
Riverine or Upland Shrub 774 3 15.0 2.7 0.69 prefer
Barrens (riverine, eolian, lacustrine) 193 O 0 0.7 -1.00 ns
Artificial (water, fill, peat road) 047 O 0 0.2 -1.00 ns
Total 283.64 20 100 100

& Aquatic habitats were assigned zero availability for fox dens.

® |vlev's E = (use — availability)/(use + availability); calculated from number of dens.

¢ Significance calculated from 1,000 simulationsiat 0.05: ns = not significant; prefer = use significantly greater than
availability; avoid = use significantly less than availability.

Shrub was the only preferred habitat; in thehigher microrelief that are below our minimal
Transportation Corridor, this type constitutes onlymapping size of habitat areas. On the Colville Delta
2.7% of the area of terrestrial habitats. The mosind Transportation Corridor, the landforms used
dens in a single type (10) were located in Moisimost are banks of streams and lakes (including banks
Sedge-Shrub Meadow, the second most availablsf drained-lake basins), dunes, ridges, and pingos
habitat (29.9% of total area) in the corridor. Fewe(Table 28; Garrott 1980, Eberhardt et al. 1983).
dens were located in Moist Tussock Tundra (5 densfhose landforms are usually vegetated with upland
Riverine or Upland Shrub (3 dens, all in uplandshrubs and less commonly with riverine shrubs.
shrub), and Old Basin Wetland Complex (2 dens)Pingos are used commonly as den sites in the
No habitats were significantly avoided by denningPrudhoe Bay area (Burgess et al. 1993), but account
foxes in the Transportation Corridor. for only a small percentage of the known sites in the
In both the Delta and Transportation CorridorColville area (Eberhardt et al. 1983). In the
survey areas, foxes prefer Riverine or Upland Shruteshekpuk Lake area west of the Colville Delta, low
for denning (Tables 31 and 32). Dens in othemounds are used most often for den sites (Chesemore
habitats actually are located in small patches 0f969). These observations all confirm that the
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primary requirement for denning habitat is well- Records obtained from various sources (S.
drained soil with a texture conducive to burrowing, Amstrup, pers. comm.; S. Schliebe, pers. comm.;
conditions that occur on elevated microsites withilJSFWS 1995) indicate a low frequency of

a variety of larger habitat types. occurrence of maternity dens in the vicinity of the
Colville Delta (Figure 24). These records include
OTHER MAMMALS locations of dens in the immediate vicinity of the

o _ delta (some dating from the 1920s, 1940s, and
Most sightings of other mammals in 1998 werej g50s), as recorded in interviews with hunters from
made opportunistically or incidentally during surveysnuigsut (USFWS 1995: Appendix A). It should be
for birds, foxes, or caribou (the latter for the separat@nted that, because the locations mapped from the
study by Lawhead 1999). We have not conductedccymulated records over many years cover a wide

specific surveys for mammals other than caribou anghnge of accuracy, all locations should be considered
foxes during our 1992-1998 surveys, except fopnnroximate.

several aerial surveys of muskoxen in the ltkillik Polar bears den occasionally on the Colville
uplands to the south of the delta, and spotted sefja|ta. For instance, a den was occupied in the winter
haulouts along the main channel and northeastegy 1996-1997 in the northeastern Development Area
deltg. Previous re_ports (e.g., John_son et a_l. 199@. Helmericks, pers. comm. to USFWS); that den is
provide more detailed background information onyhe most recent one discovered in the study area.
polar bears, grizzly (brown) bears, muskoxenggast of the delta, lower Kalubik Creek has been used
spotted seals, and several other species. Thgpeatedly by denning females over the years, as
following species accounts provide updates for thé,gicated by three additional records (undated) from
1998 season, with brief discussions of context anghe USFWS database (Figure 24). Additional
relevance. literature records of dens were reported by Seaman
et al. (1981: Figure 7), who showed 12 locations of
POLAR BEAR dens and females with cubs recently out of dens
Information on the distribution of polar bear between the lower ltkillik River and Kalubik Creek,
maternity dens in the Beaufort Sea region haplus 5 locations in the Beaufort Sea within 30 km of
accumulated slowly from reports over severalthe mouth of the Colville River. Lentfer and Hensel
decades (few systematic surveys have bee(@980) reported two dens and two observations of
conducted specifically to locate polar bear dens), anigmales with cubs recently out of dens along the east
has been supplemented by tracking of markedide of the Colville River. All of the den locations
females through telemetry. Of 90 dens occupied bteported by Seaman et al. (1981) and Lentfer and
pregnant female polar bears (tracked by telemetryjiensel (1980) presumably are included in the
from the Beaufort Sea population, 42% were on landJSFWS database.
53% were on drifting pack ice, and 4% were on  The best denning habitat on the coastal plain is
shorefast ice (Amstrup and Gardner 1994). Théerrain that accumulates and sustains deep snowdrifts
proportion of bears denning on land in the Beauforthrough the winter. Examination of 25 den sites used
Sea region has been increasing in recent yearBy radio-collared bears revealed strong selection for
probably as a result of population recovery followingbluffs along rivers, streams, and lake banks having
prohibition of sport hunting in 1972 (Stirling and slopes of at least 40° and at least 1 m of vertical
Andriashek 1992, Amstrup and Gardner 1994). Theelief (S. Amstrup, pers. comm.). Prevailing winds
Beaufort Sea population increased at a mean rate f winter are from the west and southwest, so
2.4% over the last two decades, and currently ifandscape features oriented perpendicular to these
thought to be increasing slightly or stabilizing neardirections accumulate deep drifts along bluff faces.
carrying capacity (USFWS 1995). The increasinglherefore, dunes and bluffs along the Colville River
population and the increasing proportion of terrestriathannels and bluffs along Kalubik Creek and the
denning suggest that the number of females dennirgiluveach and Kachemach rivers provide the habitats
on land in the Colville Delta region may increasemost likely to be used by denning polar bears in the
accordingly. general study area.
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Figure 24. Distribution of winter dens of polar and grizzly bears (records from USFWS and ADFG
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databases) and incidental sightings of grizzly bears during aerial surveys near the Colville
River Delta, Alaska, June—September 1995-1998. Observation effort was greatest in the
Development Area and Transportation Corridor during June—August.
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GRIZZLY BEAR Approximately 60 of the grizzly bear dens found

, y ADFG were located between the Kuparuk Oilfield
From June to August 1998, we observed gnzszncl the Colville River. south to 69° 40' N

bears on 18 occasions, totaling 21 animals, during_.

our surveys for birds, foxes, and caribou (Figure 24), \gure 2?1)'b Ai;egi: 42 ?ens Erz Iénown fto haf[\r/]e
At least six different bears, including a female an een used by imerent marked bears from the

her 2-year-old cub, were involved in these sightings.lggl_1992 to the 1998-1999 denning seasons; the
ther dens were older or were used by unmarked

More bears probably were represented, howeveJ, )
because we often were unable to distinguish ear ta Sars. Marked bears have denned on the Colville

of individuals marked by the Alaska Department o thelta_fou_r ';lmizgsgniggr;aroked é)ears f'f[St. qlen?ed
Fish and Game (ADFG) in their ongoing study in ere in winter N - Jneden, containing two

the oilfield region. As in previous years, we SaWsubadult males in 1996-1997, was located along the

several grizzly bears (at least five differentsakoon&lng Channel approximately 1.5 km south of

individuals) during the first half of June on thethe Facility Area. One of these two males also

. . denned on the delta in the winters of 1997-1998 and
caribou calving grounds south of the Kuparuk .

. : 998-1999. The fourth den, occupied by a pregnant
Qilfield (see Lawhead 1999 for survey details). I\/losiemale that gave birth to a litter of three cubs in the

of our later sightings occurred west of the Kuparu )
Qilfield because we frequently flew over that area;, 996-1997 season, was located in a large sand dune

and because that area includes favorable riverin%grtiteaggt]lggrrrlwelfl?fntdhénDtg\(/aeIEarsr:e(r:]ch?gsl Ilrr]1 mg
habitat along the Miluveach and Kachemach river ansoortation Corridor. four dFi)fferent den's have
that has been used consistently in past years. In 19 P ) ' )

at least one bear spent much of the summer on t een occupied by marked bears along the Miluveach

eastern portion of the Colville Delta. Over the year évgzr n r((ajcent yearﬁ:_ tﬁ%ggni ggélng \éVT;%r;i%?g_?
of our study, we have seen grizzly bears mor » and one eacn In a an a '

commonly in the Transportation Corridor and the n(?[hmarktedftiﬁar der;::ed n 1?[9_?_1929.”&[).?Ut g;m
uplands south of it than on the delta (Figure 24)Sou west of the southernmost Tarn drill site (

Our sightings have increased over time in conce&N)' Most grizzly bear dens in the Colville-Kuparuk

with our increased observation effort from 1992 toarea, however, are clustereq in the uplands_>15 km
outh of the Transportation Corridor, in the

égggazlgl?js Cl\;ivireth::(epses étgzetgfi;hcer ed; sltaa ;(:gtlﬁaeadwaters of th_e Miluveach and Kachemach rivers
population in the vicinity of the oilfields continues and a western tributary of the Kuparuk River.
to expand.

Since 1991, ADFG has captured and markeélvIUSKOX
approximately 60 bears on the central Arctic Coastal  The muskoxen population inhabiting the area
Plain between the Colville and Canning rivers (abetween the Sagavanirktok and Colville rivers is
least 26 were radio-collared as of winter 1998—1999ought to have originated through dispersal from
in an ongoing study of use of the oilfields by bearsthe reintroduced population in ANWR. On 9 April
Additional unmarked bears also occur in the region}998, ADFG conducted a winter survey of muskoxen
although most bears now appear to have been taggaest of the Sagavanirktok river (Game Management
Most of the bears collared and tracked by ADFGJnit [GMU] 26B ‘West’). ADFG located 79
denned within 50 km of the oilfields, although muskoxen on that survey, all in the Itkillik uplands
several have denned 100-160 km inland (Shideldfs. Carroll, pers. comm.), where we have found the
and Hechtel 1995a; R. Shideler, pers. comm.), anldrgest numbers in our surveys during late May and
additional dens used in the past by unmarked beagarly June (see below). At the same time, USFWS
also have been located by ADFG. On the coastdpund 153 muskoxen between the Sagavanirktok and
plain, grizzlies dig dens in pingos, banks of rivers an€Canning rivers (GMU 26B ‘East’), for a total of 232
lakes, dunes, and steep gullies in uplands (Harding GMU 26B (Hicks 1998). More muskoxen had
1976; Shideler and Hechtel 1995a; R. Shideler, perbeen seen in GMU 26B on the first regional
comm.). muskoxen survey in the previous year. On 16 April
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1997, ADFG located 92 muskoxen in GMU 26B vicinity of the Colville Delta and Transportation

West, nearly all of which were in the ltkillik uplands Corridor. The largest group consisted of 23-24
(a few muskoxen also were found in the White Hills).muskoxen, including 2 calves, along the east bank
The total number counted in GMU 26B (West andof the East Channel near the pipeline crossing,
East combined) in 1997 was 279 muskoxen (Hick®etween mid-August and mid-September. A group
1997). of 8 muskoxen was found on 7 August on the lower

During the summers of 1992-1993 and 1995Kachemach River. A group of 17 muskoxen,
1998, we saw most muskoxen south and east of thecluding 5 calves, was seen moving rapidly
Colville Delta, although a few (mostly lone bulls) northeast, paralleling the Tarn road and crossing the
have been seen on the delta (Figure 25). We firddliluveach River, on 12 July. Earlier, this group had
found relatively large numbers of muskoxenbeen near the Tarn road north of DS-2N (J. Dell,
(24 animals in 2 groups) in the uplands east of thiaritime Helicopters, pers. comm.). From mid-June
Itkillik River, 40-50 km south of the Transportation to at least early July, a group of 7 adults and 4 calves
Corridor, during a caribou calving survey in late Mayconsistently used the area along the coast east of the
1993. We have returned in early June each year sintéilne Point Qilfield, and inland to the Cascade drill
then (except 1994) because the largest numbers site in the Milne Point field. Three mixed sex groups
muskoxen we have seen occurred consistently in thatere seen along the Kuparuk River south of the
general location and at that time of year. The numbéd€¢uparuk sales oil pipeline, ranging from 18 animals
there increased each year from 1993 through 199{including 4 calves) on 16 June, to 8 animals on
indicating an expanding population. 11 August.

In 1998, however, we located only one group  These observations of muskoxen groups
of 25 muskoxen (including 4 calves) in the generascattered between the Colville and Kuparuk rivers
area of concentration in preceding years. In contrasire generally similar to those from past years,
we found 99 muskoxen (including 19 calves) in thealthough we saw none in July 1998 along the lower
same area of the ltkillik uplands on 4 June 1997Kachemach River, where muskoxen occurred
84 muskoxen (including 22 calves) on 5 June 1996&onsistently in July 1996-1997. In July 1997, a
and 61 muskoxen (including 7 calves) on 5 Junenixed-sex group of 24 muskoxen, including 3 calves,
1995. The calf numbers in these counts probablgonsistently used riverine shrub habitat along the
were lower than the actual numbers produced eadbwer Kachemach River, and muskoxen were
year because calving continues after early Junebserved repeatedly in the area between the Itkillik
(Reynolds et al. 1986). Although we have notand Kachemach river mouths during July—September
conducted systematic surveys of this species in thdohnson et al. 1998). In July 1996, a mixed-sex
lower Colville and ltkillik drainages, the similarity group of 20—21 muskoxen, including 7 calves, moved
of the numbers we observed in June 1997 with thosgown the Kachemach River, then south toward the
found by ADFG in April 1997 indicates that we were ltkillik River (Johnson et al. 1997). Mixed-sex
monitoring the majority of the population west of groups containing calves were seen each summer in
the Sagavanirktok River in the last few years. As 01992, 1993, and 1995 near the mouth of the Itkillik
1998, we were no longer confident that was the cas®iver and along the eastern side of the Colville River
We are unable to explain the low numbers seen inorth of there (Smith et al. 1993, 1994; Johnson et
the ltkillik uplands in June 1998, but predation byal. 1996). Sightings of muskoxen on the delta have
bears (three collared bears were found on muskoxdreen less common, and have generally involved few
carcasses on an ADFG telemetry survey on 23 Magnimals. A single cow with a calf was seen on an
1998) and dispersal to other areas because of eaifand in the East Channel in 1997, and several lone
snowmelt and/or human activity on the groundbulls were seen on the delta in previous years.
(intensive 3D seismic exploration) in the area just Research in ANWR has shown that muskox
north of the wintering area may have been contributinhome ranges are larger, and activity and movement
factors. rates are much higher, during summer than winter

We observed several groups of muskoxer{(Reynolds et al. 1986). Long-distance movements
repeatedly during July—September 1998 in thérom winter to summer range are common in mid-
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Figure 25. Distribution of muskoxen seen during aerial surveys near the Colville River Delta, Alaska,
May—September 1992-1993, and 1995-1998. Observation effort was greatest in the
Development Area and Transportation Corridor during June—August.
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late June, after river breakup and leafing out of willowsor were any seen on or around the Jones Islands or
along drainages (Reynolds 1992a). Group sizPingok Island in 1997. Seaman et al. (1981)
typically decreases in summer, as the breeding seasspeculated that adequate haulout sites on the delta
(rut) approaches in August and September; mostre limited in number. The two locations where we
groups in ANWR contained 10-30 animals in summeobserved seals in 1998 probably represent
(Reynolds et al. 1986, Reynolds 1992b). Outraditionally used sites.

observations indicate that the muskox population

residing in the ltkillik—Colville region follows a MOOSE

similar pattern of seasonal movements and group We spotted a female moose in the Development
dynamics. Muskoxen winter in the uplands east Oﬁ\rea on 10-11 June 1998, and again on 11 July, in
the ltkillik River, then disperse during summer into,[he area between Nanuk Lake and the Sakoonang
smaller groups, some of which move northwardsanne|. Moose are rare on the delta, and occur at
along the Itkillik and Kachemach rivers to the y, ,ch higher densities upstream along the Colville
Colville Delta vicinity, especially the riverine pj e (coady 1979). At least two female moose were
habitats bordering the East Channel, and mOVgaa, o 16 and 20 July 1997 near the East Channel
southward again later in the summer and fall. 54 pikonik Mound, north of the Transportation
Corridor. Our observers saw no moose on the delta
SPOTTED SEAL during 1992-1996, although we found two sets of
In the Chukchi and Beaufort seas, spotted seatsacks one year. USFWS biologists saw 1-4 moose
haul out on land from mid-July through late Octobermper year during summer field work on the delta in
(Seaman et al. 1981; Frost et al. 1993; ABR, Incthe early 1980s (Simpson et al. 1982, Renken et al.
unpubl. data). Favored haul-out sites are small983, Rothe et al. 1983).
islands, sand spits, and shoals adjacent to deep water
(Seaman et al. 1981, Frost et al. 1993, ABR, Inc BELUKHA
unpubl. data). Although the distribution and We spotted a pod of 10 belukha whales on
abundance of spotted seals fro_m Pt. Barrow eastwa;p July 1998 in the nearshore waters within a half-
along the Beaufort Sea coast is poorly documenteg,;o of the coast west of Oliktok Point. Sightings of
the Colville Delta is known to be used by seals iy,g shecies are unusual during midsummer, especially
summer and autumn. Seaman et al. (1981) reportefly cjose to shore. Belukhas typically pass much
an estimate from J. Helmericks of 150-200 seal, ther offshore on spring and fall migrations
using the Colville Delta from late July through ey yeen the Bering Sea and eastern Beaufort Sea

autumn. Satellite tracking of spotted seals outfitteq)ﬁ the Mackenzie River delta (Hazard 1988)
with transmitters has revealed that movements of

individuals from Kasegaluk Lagoon (on the Chukchiyyo1 vVERINE

Sea coast in northwestern Alaska) to the Colville _ _ _

Delta may begin as late as August (Frost et al. 1993). A single adult wolverine (with unusual blond
We did not conduct specific surveys for Spotteocoloratlon over its the entire back) was seen near

seals in 1998, but checked on known hauloutthe mouth of the Kachemach River on 11 June 1998.

opportunistically during aerial surveys for other Wolverines are rare to uncommon on the outer

species. About 16 seals were hauled out on a sm&pastal plain. Another wolverine was reportedly seen

island in the East Channel off the mouth of thd'éar the pipeline crossing of the East Channel in

Kachemach River, on 25 August 1998 (Figure 26)\_/vinter_ 1997-1998, and a very dark individual was

On 14 September, four seals were hauled out at3¢en in fall 1998 (R. Griffeth, pers. comm.). We

consistently used site at the southwest end drave seen o_nly one other dur_mg our studies, on the

Anachlik Island. During eight aerial surveys in 1997, 0uter Delta in July 1993 (Smith et al. 1994).

we saw small groups of spotted seals on four

occasions, hauled out on sand spits or in adjacent

shoals in these same two locations (Johnson et al.

1998). Seals were not seen elsewhere on the delta,
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Appendices

Appendix A.  Common and scientific names of birds and mammals seen during the Colville River
Deltaildlife Study, May—October 1992—-1998.

BIRDS

Red-throated Loon Gavia stellata Parasitic Jaeger Stercorarius parasiticus

Pacific Loon Gavia pacifica Long-tailed Jaeger Stercorarius longicaudus

Yellow-billed Loon
Red-necked Grebe

Gavia adamsii
Podiceps grisegena

Greater White-fronted GooseAnser albifrons

Snow Goose

Canada Goose

Brant

Tundra Swan
American Wigeon
Mallard

Northern Shoveler
Northern Pintail
Green-winged Teal
Greater Scaup

Lesser Scaup

Steller's Eider
Spectacled Eider

King Eider

Common Eider

Surf Scoter
White-winged Scoter
Black Scoter
Oldsquaw
Red-breasted Merganser
Bald Eagle

Northern Harrier
Rough-legged Hawk
Golden Eagle

Merlin

Peregrine Falcon
Willow Ptarmigan
Rock Ptarmigan
Sandhill Crane
Black-bellied Plover
American Golden-Plover
Upland Sandpiper
Whimbrel

Bar-tailed Godwit
Ruddy Turnstone
Semipalmated Sandpiper
Least Sandpiper
White-rumped Sandpiper
Baird's Sandpiper
Pectoral Sandpiper
Dunlin

Stilt Sandpiper
Long-billed Dowitcher
Common Snipe
Red-necked Phalarope
Red Phalarope
Pomarine Jaeger

Chen caerulescens
Branta canadensis
Branta bernicla
Cygnus columbianus
Anas americana
Anas platyrhynchos
Anas clypeata

Anas acuta

Anas crecca

Aythya marila

Aythya affinis
Polysticta stelleri
Somateria fischeri
Somateria spectabilis
Somateria mollissima
Melanitta perspicillata
Melanitta fusca
Melanitta nigra
Clangula hyemalis
Mergus serrator

Glaucous Gull
Sabine's Gull
Arctic Tern

Snowy Owl
Short-eared Owl
Common Raven
Horned Lark
American Robin
Yellow Wagtail
Wilson's Warbler
American Tree Sparrow
Savannah Sparrow
Lapland Longspur
Snow Bunting
Common Redpoll

MAMMALS
Snowshoe Hare
Arctic Ground Squirrel
Brown Lemming
Collared Lemming
Gray Wolf

Haliaeetus leucocephalus Arctic Fox

Circus cyaneus
Buteo lagopus
Aquila chrysaetos
Falco columbarius
Falco peregrinus
Lagopus lagopus
Lagopus mutus
Grus canadensis
Pluvialis squatarola
Pluvialis dominica
Bartramia longicauda
Numenius phaeopus
Limosa lapponica
Arenaria interpres
Calidris pusilla
Calidris minutilla
Calidris fuscicollis
Calidris bairdii
Calidris melanotos
Calidris alpina
Calidris himantopus

Red Fox
Grizzly Bear
Ermine
Wolverine
Spotted Seal
Moose
Caribou
Muskox

Limnodromus scolopaceus

Gallinago gallinago
Phalaropus lobatus
Phalaropus fulicaria

Stercorarius pomarinus

Larus hyperboreus
Xema sabini

Sterna paradisaea
Nyctea scandiaca
Asio flammeus
Corvus corax
Eremophila alpestris
Turdus migratorius
Motacilla flava
Wilsonia pusilla
Spizella arborea
Passerculus sandwichensis
Calcarius lapponicus
Plectrophenax nivalis
Carduelis flammea

Lepus americanus
Spermophilus parryii
Lemmus sibiricus
Dicrostonyx rubricatus
Canis lupus

Alopex lagopus
Vulpes vulpes

Ursus arctos
Mustela erminea
Gulo gulo

Phoca largha

Alces alces
Rangifer tarandus
Ovibos moschatus
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Appendices

Appendix B.  Descriptions of wildlife habitat types found in the Delta and Transportation Corridor survey
areas, Colville River, Alaska, 1998.
Habitat Description

Open Nearshore Shallow estuaries, lagoons, and embayments along the coast of the Beaufort Sea. Winds, tides, river

Water (Marine)

Brackish Water

Tapped Lake
with Low-water
Connection

Tapped Lake
with High-water
Connection

Salt Marsh

Tidal Flat

Salt-killed
Tundra

Deep Open
Water without
Islands

discharge, and icing create dynamic changes in physical and chemical characteristics. Tidal range
normally is small (<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. This habitat is important for some species of
waterfowl during molting and during spring and fall staging, and for loons while foraging.

Coastal ponds and lakes that are flooded periodically with saltwater during storm surges. Salinity
levels often are increased by subsequent evaporation of impounded saline water. The substrate may
contain peat, reflecting its freshwater/terrestrial origin, but this peat is mixed with deposited silt and
clay.

Waterbodies that have been partially drained through erosion of banks by adjacent river channels, but
which 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 lake
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
fine-grained silt and clay with some sand. These lakes provide important overwintering habitat for fis

Similar to preceding type, 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 channels due to deposition during seasonal flooding. These lakes provide
important fish habitat.

On the Beaufort Sea coast, arctic Salt Marshes generally occur in small, widely dispersed patches,
most frequently on fairly stable mudflats associated with river deltas. The surface has little
microrelief, and is flooded irregularly by brackish or marine water during high tides, storm sutges, an
river-flooding events. Salt Marshes typically include a complex assemblage of small brackish ponds,
halophytic sedge and grass wet meadows, halophytic dwarf-willow scrub, and small barren patches.
Dominant plant species usually includar€x subspathace&. ursina, Puccinellia phryganodes,
Dupontia fisheri, P. andersonii, Salix ovalifolia, Cochlearia officinalis, Stellaria humifusdSedum
rosea. Salt Marsh is an 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
salinity levels. Tidal Flats are considered separately from other barren habitats because of their
importance to estuarine and marine invertebrates and shorebirds.

Coastal areas where saltwater intrusions from storm surges have killed much of the original

terrestrial vegetation and which are being colonized by salt-tolerant plants. Colonizing plants
includePuccinellia andersonii, Dupontia fisheri, Braya purpurascens, B. pilosa, Cochlearia

officinalis, Stellaria humifusa, Cerastium beeringianamg Salix ovalifolia This habitat typically

occurs either on low-lying areas that formerly supported Wet Sedge—Willow Meadows and Basin
Wetland Complexes or, less commonly, along drier coastal bluffs that formerly supported Moist
Sedge-Shrub Meadows and Upland Shrub. Salt-killed Tundra differs from Salt Marshes in having
abundant litter from dead tundra vegetation, a surface horizon of organic soil, and salt-tolerant
colonizing plants. These areas are often polygonized, with the rims less salt-affected than the centers
of the polygons.

Deep £1.5 m) waterbodies range in size from 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 bottom during winter. Lakes usually are not connected to
rivers. Sediments are fine-grained silt and clay. Deep Open Waters without Islands are
differentiated from those with islands because of the importance of islands to nesting waterbirds.

95 1998 Colville Wildlife Report



Appendices

Appendix B. (Continued)

Habitat Description

Deep Open Similar to the preceding type, except that these waterbodies have islands or complex shorelines
Water with formed by thermal erosion of low-center polygons. The complex shorelines and islands are important
Islands or features of nesting habitat for many species of waterbirds.

Polygonized

Margins

Shallow Open Ponds and small lakes <1.5 m deep with emergent vegetation covering <5% of the waterbody surface.

Water without
Islands

Shallow Open
Water with
Islands or
Polygonized
Margins

Due to the shallow depth, water freezes to the bottom during winter and thaws by early to mid-June.
Maximal summer temperatures are higher than those in deep water. Although these ponds generally
are surrounded by wet and moist tundra, ponds located in barren areas also are included in this
category. Sediments are fine-grained silt and clay.

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

River or Stream Permanently flooded channels of the Colville River and its tributaries and smaller stream channels in

Aquatic Sedge
Marsh

Aquatic Sedge
with Deep
Polygons

Aquatic Grass
Marsh

Young Basin
Wetland
Complex
(ice-poor)

the Transportation Corridor. Rivers generally experience peak flooding during spring breakup and
lowest water levels during mid-summer. The distributaries of the Colville River Delta are slightly
saline, whereas streams in the Transportation Corridor are non-saline. During winter unfrozen water
in deeper channels can become hypersaline.

Permanently flooded waterbodies or margins of waterbodies domina@atby aquatilis

Typically, emergent sedges occur in water3 m deep. Water and bottom sediments of this shallow
habitat freeze 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 fine-grained silt.

Primarily a coastal habitat in which thermokarst of ice-rich soil has produced deep (>1 m),
permanently flooded polygon centers. Emergent vegetation, n@stlguatilis,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, includinddryas integrifolig Salix reticulata, S. phlebophyllandS. ovalifolia.

Ponds and lake margins with the emergent ghas®phila fulva. Due to shallow water depths (<1

m), the water freezes to the bottom in the winter, and thaws by early Atotephila stem densities

and annual productivity can vary widely among sites. Sediments generally lack peat. This type
usually occurs as an early successional stage in the thaw lake cycle and is more productive than
Agquatic Sedge Marsh. This habitat tends to have abundant invertebrates and is important to many
waterbirds.

Basin wetland complexes (both young and old) occur in drained lake basins and are characterized by
a complex mosaic of open water, aquatic sedge and grass marshes, and wet and moist meadows in
patches too small (<0.5 ha) to map individually. Deeper basins may be entirely inundated during
spring breakup. Water levels gradually recede following breakup. Basins often have distinct upland
rims marking the location of old shorelines, although boundaries may be indistinct due to the
coalescence of thaw basins and the presence of several thaw-lake stages. Soils generally are fine-
grained, organic-rich, and ice-poor in the young type. The lack of ground ice results in poorly
developed polygon rims in wetter areas and indistinct edges of waterbodies. Ecological communities
within younger basins appear to be much more productive than are those in older basins, which is the
reason for differentiating between the two types of basin wetland complexes.
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Appendix B. (Continued)

Habitat

Description

Old Basin
Wetland
Complex
(ice-rich)

Nonpatterned
Wet Meadow

Wet Sedge—
Willow
Meadow

Moist Sedge—
Shrub Meadow
(low- or high-
relief polygons)

Moist Tussock
Tundra

Riverine or
Upland Shrub

Similar to preceding type, but characterized by well-developed low- and high-center polygons
resulting from ice-wedge development and aggradation of segregated ice. The waterbodies in old
complexes have smoother, more rectangular shorelines and are not as interconnected as in young
complexes. The vegetation types generally include Wet Sedge Willow Meadow, Moist Sedge—Shrub
Meadow, and Moist Tussock Tundra. Aquatic Sedge and Grass Marshes are absent. Soils generally
have a moderately thick (0.2-0.5 m) organic layer overlying fine-grained silt or sandy silt.

Sedge-dominated meadows that typically occur within young drained lake basins, as narrow margins
of receding waterbodies, or along edges of small stream channels in areas that have not yet undergone
extensive ice-wedge polygonization. Disjunct polygon rims and strangmoor cover <5% of the ground
surface. The surface generally is flooded during early summer (depth <0.3 m) and drains later, but
remains saturated within 15 cm of the surface throughout the growing season. The uninterrupted
movement of water and dissolved nutrients in nonpatterned ground results in more robust growth of
sedges than in polygonized habita@arex aquatilisandEriophorum angustifoliunusually

dominate although other sedges may be present. Near the coast, thBgpasdia fisherimay be

present. Low and dwarf willowsSélix lanata, S. arcticaandS. planifolig occasionally are present.

Soils generally have a moderately thick (10-30 cm) organic horizon overlying fine-grained silt.

Occurs in lowland areas within drained lake basins, level floodplains, and swales on gentle slopes and
terraces, associated with low-centered polygons and strangmoor (undulating raised sod ridges).
Water depth varies through the season (<0.3 m maximum). Polygon rims and strangmoor interrupt
surface and groundwater flow, so only interconnected polygon troughs receive downslope flow and
dissolved nutrients; 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 the sedge3arex aquatilisandEriophorum angustifoliumalthough other sedges may

be present, includin@. rotundata, C. saxatilis, C. membranacea, C. chordoréraE. russeolum

Willows (Salix lanata S. arctica,andS. planifolia)usually are abundant.

Occurs on better-drained uplands between thaw basins, riverbanks, old stabilized dunes, lower slopes
of pingos, and foothill slopes, generally associated with nonpatterned ground, frost scars, and
high-centered polygons with low relief. Vegetation is dominate@ bgquatilis, C. bigelowii, E.
angustifolium, S. planifolilandDryas integrifolia The ground is covered with a nearly continuous
carpet of mosses. Soils generally have a thin layer (20—-30 cm) of organic matter over silt loam.

Similar to preceding type, except that the vegetation is dominated by the tussock-forming sedge
Eriophorum vaginatum This type tends to occur on the upper portions of slopes and in better drained
conditions than Moist Sedge—Shrub Tundra.

Both open and closed stands of last.5 m high) and tall (>1.5 m high) willows along riverbanks
andDryastundra on upland ridges and stabilized sand dunes. Tall willows occur mainly along larger
streams and rivers, where the vegetation is dominat&aliy alaxensis Low willow stands are
widespread and typically have a canopysofanataandS. glauca Understory plants include the
shrubsArctostaphylos rubra, S. reticulatandD. integrifolia, and the forb#\stragalusspp.,Lupinus
arcticus andEquisetunspp. Dryastundra is dominated Hy. integrifolia but may include abundant
dwarf willows such a$. phlebophylla Common forbs includ8ilene acaulis, Pedicularis lanata,
andAstragalus umbellatusndC. bigelowiifrequently is present. In Riverine Shrub, an organic
horizon generally is absent or buried due to frequent sediment deposition. In Upland Shrub, soils
generally have a thin (<5 cm) organic horizon.
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Appendix B. (Continued)

Habitat

Description

Barrens
(riverine,
eolian, or
lacustrine)

Artificial
(water, fill,
peat road)

Includes barren and partially vegetated (<30% plant cover) areas resulting from riverine, eolian, or
thaw-lake processes. Riverine Barrens on river flats and bars are flooded seasonally and can have
either silty or gravelly sediments. The margins frequently are colonizBedghampsia caespitosa,
Elymus arenarius, Chrysanthemum bipinnatamdEquisetum arvenseEolian Barrens generally are
located adjacent to river deltas and include active sand dunes that are too unstable to support more
than a few pioneering plants (<5% cover). Typical pioneer plants inBaldealaxensis, Elymus
arenarius,andDeschamspia caespitosdacustrine Barrens occur along margins of drained lakes

and ponds. These areas may be flooded seasonally or can be well drained. On the delta, sediments
usually are clay-rich, slightly saline, and are being colonized by salt-marsh plant species. Barrens
may receive intensive use seasonally by caribou as insect-relief habitat.

A variety of small disturbed areas, including impoundments, gravel fill, and a sewage lagoon at
Nuigsut. Gravel fill is present at Nuigsut, and at the Helmericks residence near the mouth of the
Colville River. A peat road runs roughly north-south within the Transportation Corridor. Two
Kuparuk drill sites (2M and 2K) are included, as are several old exploratory drilling pads.
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Appendix C1. Habitat selection by Spectacled Eiders and King Eiders during pre-nesting on the Delta

survey area, Colville River, Alaska, 1998.

Selection  Rank

Area No.of No.of Use Availability Index Order of
Species/Habitat (km?) Growps Adults (%) (%) (Ivlev's E} Selectiofl
SPECTACLED EIDER
Open Nearshore Water (marine) 8.32 0 0 0 1.6 -1.00 11
Brackish Water 6.42 5 10 16.7 1.2 0.86 1
Tapped Lake w/ Low-water Connection 21.42 4 8 13.3 4.1 0.53 4
Tapped Lake w/ High-water Connection 20.29 0 0 0 3.9 -1.00 11
Salt Marsh 16.68 2 5 6.7 3.2 0.35 5
Tidal Flat 37.37 0 0 0 7.1 -1.00 11
Salt-killed Tundra 25.63 2 4 6.7 4.9 0.15 8
Deep Open Water w/o Islands 23.31 2 3 6.7 4.5 0.20 7
Deep Open Water w/ Islands or Polygonized Margins 5.15 1 1 3.3 1.0 0.54 3
Shallow Open Water w/o Islands 2.30 0 0 0 0.4 -1.00 11
Shallow Open Water w/ Islands or Polygonized Margins 0.55 0 0 0 0.1 -1.00 11
River or Stream 75.43 1 1 3.3 14.4 -0.62 9
Aquatic Sedge Marsh 0 - - - 0 - -
Aquatic Sedge w/ Deep Polygons 13.60 6 13 20.0 2.6 0.77 2
Aquatic Grass Marsh 1.37 0 0 0 0.3 -1.00 11
Young Basin Wetland Complex <0.01 0 0 0 <0.1 -1.00 11
Old Basin Wetland Complex 0.01 0 0 0 <0.1 -1.00 11
Nonpatterned Wet Meadow 41.92 4 13 13.3 8.0 0.25 6
Wet Sedge—\Wow Meadow 101.83 1 2 3.3 195 -0.71 10
Moist Sedge—Shrub Meadow 13.10 0 0 0 25 -1.00 11
Moist Tussock Tundra 2.49 0 0 0 0.5 -1.00 11
Riverine or Upland Shrub 27.10 0 0 0 5.2 -1.00 11
Barrens (riverine, eolian, lacustrine) 78.67 0 0 0 15.0 -1.00 11
Artificial (water, fill, peat road) 0.02 0 0 0 <0.1 -1.00 11
Total 522.97 30 60 100 100
KING EIDER
Open Nearshore Water (marine) 8.32 0 0 0 1.6 -1.00 6
Brackish Water 6.42 0 0 0 1.2 -1.00 6
Tapped Lake w/ Low-water Connection 21.42 1 3 16.7 4.1 0.61 2
Tapped Lake w/ High-water Connection 20.29 0 0 0 3.9 -1.00 6
Salt Marsh 16.68 0 0 0 3.2 -1.00 6
Tidal Flat 37.37 0 0 0 7.1 -1.00 6
Salt-killed Tundra 25.63 1 2 16.7 4.9 0.55 3
Deep Open Water w/o Islands 23.31 0 0 0 4.5 -1.00 6
Deep Open Water w/ Islands or Polygonized Margins 5.15 0 0 0 1.0 -1.00 6
Shallow Open Water w/o Islands 2.30 0 0 0 0.4 -1.00 6
Shallow Open Water w/ Islands or Polygonized Margins 0.55 0 0 0 0.1 -1.00 6
River or Stream 75.43 2 4 33.3 14.4 0.40 4
Aquatic Sedge Marsh 0 0 0 - 0 - -
Aquatic Sedge w/ Deep Polygons 13.60 1 2 16.7 2.6 0.73 1
Aquatic Grass Marsh 1.37 0 0 0 0.3 -1.00 6
Young Basin Wetland Complex <0.01 0 0 0 <0.1 -1.00 6
Old Basin Wetland Complex 0.01 0 0 0 <0.1 -1.00 6
Nonpatterned Wet Meadow 41.92 1 6 16.7 8.0 0.35 5
Wet Sedge—\Wow Meadow 101.83 0 0 0 195 -1.00 6
Moist Sedge—Shrub Meadow 13.10 0 0 0 25 -1.00 6
Moist Tussock Tundra 2.49 0 0 0 0.5 -1.00 6
Riverine or Upland Shrub 27.10 0 0 0 5.2 -1.00 6
Barrens (riverine, eolian, lacustrine) 78.67 0 0 0 15.0 -1.00 6
Artificial (water, fill, peat road) 0.02 0 0 0 <0.1 -1.00 6
Total 522.97 6 17 100 100

#lvlev's E = (use — availability/use + availability); calculated from groups.
® _ower numbers indicate higher preference.
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Appendix C2. Habitat selection by Tundra Swans during nesting and brood-rearing in the Delta survey
area, Colville River, Alaska, 1998.

No. of Selection Rank

Area Nests or Use  Availability Index Order of
Season/Habitat (km?) Broods (%) (%) (vlev's E}f  Selectio
NESTING
Open Nearshore Water (marine) 10.28 0 0 1.9 -1.00 12
Brackish Water 6.50 0 0 1.2 -1.00 12
Tapped Lake w/ Low-water Connection 21.40 0 0 3.9 -1.00 12
Tapped Lake w/ High-water Connection 20.40 1 3.2 3.7 -0.05 10
Salt Marsh 16.36 1 3.2 3.0 0.06 9
Tidal Flat 55.99 1 3.2 10.2 -0.51 12
Salt-killed Tundra 25.62 3 9.7 4.6 0.37 7
Deep Open Water w/o Islands 23.32 0 0 4.2 -1.00 12
Deep Open Water w/ Islands or Polygonized Margins 5.15 4 12.9 0.9 0.87 4
Shallow Open Water w/o Islands 2.30 0 0 0.4 -1.00 12
Shallow Open Water w/ Islands or Polygonized Margins 0.54 0 0 0.1 -1.00 12
River or Stream 81.88 0 0 14.8 -1.00 12
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 13.59 3 9.7 25 0.60 5
Aquatic Grass Marsh 1.37 0 0 0.2 -1.00 1
Young Basin Wetland Complex <0.01 0 0 <0.1 -1.00 12
Old Basin Wetland Complex 0.01 0 0 <0.1 -1.00 12
Nonpatterned Wet Meadow 41.92 2 6.5 7.6 -0.07 8
Wet Sedge—Willow Meadow 102.37 11 35.5 18.6 0.28 6
Moist Sedge—Shrub Meadow 13.40 2 6.5 2.4 0.47 3
Moist Tussock Tundra 2.53 1 3.2 0.5 0.76 2
Riverine or Upland Shrub 27.42 1 3.2 5.0 -0.20 12
Barrens (riverine, eclian, lacustrine) 79.03 1 3.2 14.3 -0.62 11
Artificial (water, fill, peat road) 0.02 0 0 <0.1 -1.00 12
Total 551.42 31 100 100
BROOD-REARING
Open Nearshore Water (marine) 10.28 0 0 1.9 -1.00 11
Brackish Water 6.50 1 45 1.2 0.59 11
Tapped Lake w/ Low-water Connection 21.40 2 9.1 3.9 0.40 2
Tapped Lake w/ High-water Connection 20.40 2 9.1 3.7 0.42 11
Salt Marsh 16.36 2 9.1 3.0 0.51 7
Tidal Flat 55.99 0 0 10.2 -1.00 11
Salt-killed Tundra 25.62 2 9.1 4.6 0.32 5
Deep Open Water w/o Islands 23.32 1 45 4.2 0.04 3
Deep Open Water w/ Islands or Polygonized Margins 5.15 3 13.6 0.9 0.87 1
Shallow Open Water w/o Islands 2.30 0 0 0.4 -1.00 11
Shallow Open Water w/ Islands or Polygonized Margins 0.54 0 0 0.1 -1.00 11
River or Stream 81.88 0 0 14.8 -1.00 10
Aguatic Sedge Marsh 0 - - 0 - -
Aguatic Sedge w/ Deep Polygons 13.59 1 4.5 2.5 0.30 4
Aguatic Grass Marsh 1.37 0 0 0.2 -1.00 11
Young Basin Wetland Complex <0.01 0 0 <0.1 -1.00 11
Old Basin Wetland Complex 0.01 0 0 <0.1 -1.00 11
Nonpatterned Wet Meadow 41.92 2 9.1 7.6 0.09 9
Wet Sedge-Willow Meadow 102.37 4 18.2 18.6 -0.01 8
Moist Sedge—Shrub Meadow 13.40 1 4.5 2.4 0.30 6
Moist Tussock Tundra 2.53 0 0 0.5 -1.00 11
Riverine or Upland Shrub 27.42 0 0 5.0 -1.00 11
Barrens (riverine, eolian, lacustrine) 79.03 1 4.5 14.3 -0.52 11
Artificial (water, fill, peat road) 0.02 0 0 <0.1 -1.00 11
Total 551.42 22 100 100

#vlev's E = (use — availability/use + availability); calculated from numbers of nests or broods.
® | ower numbers indicate higher preference
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Appendix C3. Habitat selection by Yellow-billed Loons during nesting and brood-rearing in the Delta
survey area, Colville River, Alaska, 1998.

No. of Selection Rank
Area  Nestsor Use Availability Index Order of
Habitat (km?) Broods (%) (%) (Ivlev's E}  Selectiofl
NESTING
Open Nearshore Water (marine) 0 - - 0 - -
Brackish Water 1.22 0 0 0.4 -1.00 7
Tapped Lake w/ Low-water Connection 19.38 0 0 6.0 -1.00 7
Tapped Lake w/ High-water Connection 19.57 1 4.5 6.1 -0.14 5
Salt Marsh 5.64 0 0 1.7 -1.00 7
Tide Flat 0.06 0 0 <0.1 -1.00 7
Salt-killed Tundra 7.48 0 0 2.3 -1.00 7
Deep Open Water w/o Islands 21.09 1 45 6.5 -0.18 6
Deep Open Water w/ Islands or Polygonized Margins 3.58 3 13.6 11 0.85
Shallow Open Water w/o Islands 1.87 0 0 0.6 -1.00 7
Shallow Open Water w/ Islands or Polygonized Margins 0.40 0 0 0.1 -1.00 7
River or Stream 38.33 0 0 11.9 -1.00 7
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 10.00 3 13.6 3.1 0.63 2
Aquatic Grass Marsh 1.20 0 0 0.4 -1.00 7
Young Basin Wetland Complex 0 - - 0 - -
Old Basin Wetland Complex 0 - - 0 - -
Nonpatterned Wet Meadow 29.78 3 13.6 9.2 0.19 4
Wet Sedge—Willow Meadow 80.84 11 50.0 25.0 0.33 3
Moist Sedge—Shrub Meadow 9.10 0 0 2.8 -1.00 7
Moist Tussock Tundra 0.01 0 0 <0.1 -1.00 7
Riverine or Upland Shrub 22.61 0 0 7.0 -1.00 7
Barrens (riverine, eolian, lacustrine) 51.27 0 0 15.9 -1.00 7
Artificial (water, fill, peat road) 0 - - 0 - -
Total 323.42 22 100 100
BROOD-REARING
Open Nearshore Water (marine) 0 - - 0 - -
Brackish Water 1.22 0 0 0.4 -1.00 4
Tapped Lake w/ Low-water Connection 19.38 0 0 6.0 -1.00 4
Tapped Lake w/ High-water Connection 19.57 4 33.3 6.1 0.69 3
Salt Marsh 5.64 0 0 1.7 -1.00 4
Tide Flat 0.06 0 0 <0.1 -1.00 4
Salt-killed Tundra 7.48 0 0 23 -1.00 4
Deep Open Water w/o Islands 21.09 6 50.0 6.5 0.77 2
Deep Open Water w/ Islands or Polygonized Margins 3.58 2 16.7 11 0.88 1
Shallow Open Water w/o Islands 1.87 0 0 0.6 -1.00 4
Shallow Open Water w/ Islands or Polygonized Margins 0.40 0 0 0.1 -1.00 4
River or Stream 38.33 0 0 11.9 -1.00 4
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 10.00 0 0 3.1 -1.00 4
Aquatic Grass Marsh 1.20 0 0 0.4 -1.00 4
Young Basin Wetland Complex 0 - 0 - -
Old Basin Wetland Complex 0 - - 0 - -
Nonpatterned Wet Meadow 29.78 0 0 9.2 -1.00 4
Wet Sedge-Willow Meadow 80.84 0 0 25.0 -1.00 4
Moist Sedge—Shrub Meadow 9.10 0 0 2.8 -1.00 4
Moist Tussock Tundra 0.01 0 0 <0.1 -1.00 4
Riverine or Upland Shrub 22.61 0 0 7.0 -1.00 4
Barrens (riverine, eolian, lacustrine) 51.27 0 0 15.9 -1.00 4
Artificial (water, fill, peat road) 0 - - 0 - -
Total 323.42 12 100 100
#lvlev’'s E = (use - availability)/(use + availability); calculated from numbers of nests or broods.
P _ower numbers indicate higher preference.
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Appendix C4. Habitat selection by Brant brood-rearing groups in the Outer Delta survey area, Colville
River, Alaska, 1998.

No. of Selection Rank

Area Brood-rearing Use Availability Index Order of
Habitat (km?) Groups (%) (%) (Ivlev's EJ Selection
Open Nearshore Water (marine) 10.46 0 0 4.8 -1.00 7
Brackish Water 6.29 7 53.9 2.9 0.90 2
Tapped Lake w/ Low-water Connection 5.17 1 7.7 2.4 0.53 3
Tapped Lake w/ High-water Connection 2.06 0 0 0.9 -1.00 7
Salt Marsh 12.61 1 7.7 5.8 0.14 4
Tidal Flat 55.89 0 0 25.5 -1.00 7
Salt-killed Tundra 22.22 1 7.7 10.1 -0.14 6
Deep Open Water w/o Islands 0.69 0 0 0.3 -1.00 7
Deep Open Water w/ Islands or Polygonized Margins 1.78 0 0 0.8 -1.00 7
Shallow Open Water w/o Islands 0.53 1 7.7 0.1 0.94 1
Shallow Open Water w/ Islands or Polygonized Margins 0.20 0 0 0.1 -1.00 7
River or Stream 43.15 2 15.4 19.7 -0.12 5
Aquatic Sedge Marsh 0 - - 0 - -
Aquatic Sedge w/ Deep Polygons 6.40 0 0 2.9 -1.00 7
Aguatic Grass Marsh 0.19 0 0 0.1 -1.00 7
Young Basin Wetland Complex 0 - - 0 - -
Old Basin Wetland Complex 0 - - 0 - -
Nonpatterned Wet Meadow 9.76 0 0 4.5 -1.00 7
Wet Sedge—Willow Meadow 9.33 0 0 4.3 -1.00 7
Moist Sedge—Shrub Meadow 1.73 0 0 0.8 -1.00 7
Moist Tussock Tundra 1.68 0 0 0.8 -1.00 7
Riverine or Upland Shrub 0.81 0 0 0.4 -1.00 7
Barrens (riverine, eolian, lacustrine) 28.08 0 0 12.8 -1.00 7
Artificial (water, fill, peat road) 0.02 0 0 0 -1.00 7
Total 219.06 13 100 100

#vlev's E = (use — availability)/(use + availability); calculated for brood-rearing groups.
P Significance calculated from 1,000 simulations &t 0.05; ns = not significant, prefer = significantly greater use than availability, avoid =
significantly less use than availability.
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