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SUMMARY

Seasonal shorebird use of intertidal habitats of Cook Inlet, Alaska, was studied
from February 1997 to February 1999 using aerial surveys as the principal method
of assessment. On-ground studies were conducted to validate aerial survey results
and to assess shorebird use of vegetated habitats, especially during the breeding
season. Twenty-eight species of shorebirds were recorded using the area, ranging
from all being present during spring to a single species present during winter. The
annual pattern of use was characterized by the sudden occurrence and rapid
increase in numbers of birds during early May and their abrupt departure in mid- to
late-May. During this period, survey totals frequently exceeded 150,000 birds per
day. Comparatively little use occurred during summer and autumn, but use was
significant from late autumn to early spring when Rock Sandpipers (Calidris
ptilocnemis) resided in the Inlet. A single species, the Western Sandpiper (C. maun),
was by far the numerically dominant shorebird, accounting for three-fourths of all
birds recorded. The Pacific flyway population of this species numbers 2-3 million
birds of which we estimated 20-47% used Cook Inlet embayments, especially
southern Redoubt Bay. Cook .Inlet also supported between 11 and 21% of the
Pacific flyway population of Dunlin (C. alpina pacifica) and what may be the entire
population (ca. 20,000 birds) of the nominate race of the Rock Sandpiper (C. p ..
ptilocnemis). Several areas along the west side of Cook Inlet proved to be extremely
important to shorebirds. Southern Redoubt Bay supported 73% of all shorebirds
during spring (average 32,000 per day) while Susitna Flats accounted for 82% of
use during winter (8,400 per day). International criteria used to assess the
conservation importance of particular wetland sites to shorebirds not only place
Cook Inlet at the highest level of recognition but afford similar recognition to several
individual embayments therein. The large human population and the extent of oil
and natural gas production facilities occurring in the Cook Inlet region potentially
pose serious risks to shorebirds and intertidal habitats.

Key words: shorebirds, seasonal occurrence, abundance, migration, wintering,
Western Sandpiper, Calidris mauri, Rock Sandpiper, Calidris ptilocnemis, Cook Inlet,
Alaska.
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INTRODUCTION

Cook Inlet shorebirds

Cook Inlet represents the last
significant expanse of ice-free littoral
habitat available to birds migrating in
spring to breeding areas in arctic and
subarctic regions of Alaska and eastern
Asia. These habitats are known to be
extremely important to migratory
waterfowl in both spring and autumn
(Raveling 1978, Butler and Gill 1987,
Robertson and Hupp 1992), but
considerably less is known about their
importanceto other groups of waterbirds,
particularly shorebirds.

Prior to this study we suspected that
Cook Inlet was potentially an important
site for shorebirds. We basedthis largely
on: 1) the Inlet's proximity (400 km) to
the Copper River Delta (CRD), a
renowned spring stopover site for
migrating shorebirds, and 2) its position
between the CRD and major shorebird
breeding areas in western Alaska and
eastern Asia (Gill et al. 1994, Page and
Gill 1994,Gill 1996,Warnock and Bishop
1998, Bishop and Warnock 1998). As
many as 3 million Western Sandpipers

.and 500,000 Dunlin rnigratealong the
coast of the Gulf of Alaska each spring
(see Appendix A for scientific names).
Recent studies involving radio-marked
Western Sandpipers provide direct
evidence that birds nesting in western
Alaska stop en route at sites along the
south-centralAlaska coast,especiallythe
CRD and embayments along the west
side of Cook Inlet (Iverson et al. 1996,
Warnock and Bishop 1998, Bishop and
Warnock 1998).

Infrequent observations since the
mid-1970s point to often significant use
of Cook Inletembayments by shorebirds.
Along the east side of Cook Inlet, Upper

Kachemak Bay would appear to be
particularly important to birds in spring.
For example, an observation of 1-2
million"smallshorebirds"there on 11May
1976 (in Erickson 1977) is likely an
overestimate, but would nevertheless
suggestan unusually largeconcentration
of birds, probably in the hundreds of
thousands. Over 60,000 small
sandpipers (mostly Westerns) were
found there during the second week of
May 1977 (Krasnow and Halpin 1981),
and over 100,000 Western Sandpipers
were recorded there in early May 1993
(Gill and Tibbitts 1993).

Earlier studies also suggested that
the embayments along the west side of
Lower Cook Inlet (LCI) are used regularly
by shorebirds during migration. Single
aerial surveys of this region flown during
each of the fou r seasons in 1976
revealed a total of 20,000 shorebirds,
80% of which occurred during spring
(Erickson 1977). In early May 1993 over
115,000 small sandpipers, again mostly
Western Sandpipers, were recorded on
southern Redoubt Bay (Gill and Tibbitts
1993). And a more recent series of aerial
surveys of Tuxedni and Chinitna bays
indicated that between 86,000 and
122,000shorebirdsusedthese two areas
each spring from 1994 to 1996 (Bennett
1996).

While most of these observations
concern embayments in LCI and point
to major use during some years, less
clear is the importance of Upper Cook
Inlet (UCI) intertidal areas to shorebirds.
Spring aerial surveys in the mid-1980s,
of primarily waterfowl in UCI, revealed
several tens of thousands of shorebirds
using both unvegetated and vegetated
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Cook Inlet shorebirds

intertidal habitats from Redoubt Bay
north to upper Knik Arm (Butler and Gill
1987; R. Gill unpubl. data).

In northern UCI, on-ground
observations of shorebirds on Susitna.
Flats in early May 1996 revealed
densities of 350-2,000 birds/km" during
single-day surveys of vegetated intertidal
plots (R. Gill, unpubl.data). The two most
abundant species recorded were
Western Sandpipers and Long-billed
Dowitchers. Previous studies on the
Susitna and Knik River flats found almost
1,000shoreblrds/km" (small sandpipers,
yellowlegs of unknownspecies,and Red-
necked Phalaropes) on salt marshes in
July (Sellers 1979). Seasonal densities
such as these and the extent of habitat
in UCI suggest that a few to several
hundred thousand shorebirds may use
UCI habitats between May and October.

Most shorebirds inAlaska depend on
littoral habitats during some portion of
their annual cycle (Gill and Handel 1990)
and any human activities that displace
or alter such habitats could put shorebird
populations at risk. Because Alaska's
largest human population center lies in
UCI, the potential for such disturbance
or alteration is very real. In addition, the
extent of oil and natural gas production

, facilities in this area is second only to
those occurring onAlaska's North Slope.
Indeed, almost 300 oil and natural gas
wells have been drilled in Cook Inlet,
including 15 offshore oil and gas
production platforms, 13 of which are
currently active and located in UCI
between the Forelands and Tyonek (in
Bennett 1996). Onshore production
facilities are located at Granite Point,
Trading Bay, and the East Forelands. Oil
refineries and gas-processing facilities
are located in Nikiski and oil terminals
with facilities for transferring oil from

shore to oil tankers are located at Nikiski
and Drift River. A deepwater shipping
channel is maintained throughout the
Inlet north to Anchoragewhere additional
oil storage facilities are located.

Cook Inlet has recently been the
focus of oil and gas lease sales (Federal
sale No. 149 and State of Alaska Cook
Inlet areawide sale). The Final
Environmental Impact Statement (FEIS)
for Sale No. 149 expressed concern for
the potential adverse effects of an oil spill
on habitats seasonally occupied by
shorebirds (MMS 1996). Furthermore,oil
spill risk analysis indicated that if an oil
spill occurred in the lease sale area,
intertidal habitats along the west side of,
the Inlet from Kalgin Island to Kamishak
Bay would likely be contaminated. A
more recent oil spill model (Pearce et al.
1997) indicated that a spill of any
appreciable size anywhere in Cook Inlet
would eventually result in oil coming
ashore along the west side of the Inlet,
but particularlynearthe Beluga Riverand
in southern Trading and Redoubt bays.

Because of the potential impacts to
shorebirds from OCS oil and gas
development and the need for current
information for environmental risk
assessment, the Minerals Management
Service (MMS) identified a study of Cook
Inlet shorebirds as a national need. In
response to that need, the Alaska
Biological Science Center initiated a
study to provide resource managers with
current information on seasonal
shorebird use of Cook Inlet intertidal
habitats. Within this guideline, the study
addressed these specific objectives:

o Identify stopover areas in Cook
Inlet that support substantial
concentrations of shorebirds during
spring and autumn migration.
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Cook Inlet shorebirds

o Document seasonal timing and
magnitude of shorebird use of Cook Inlet
embayments. .

o Obtain detailed information on
abundance, species composition, and
habitat use through on-site studies at
selected areas in Cook Inlet.

o Determine seasonal patterns of
movement by shorebirds among Cook
Inlet estuaries.

o Synthesize historical and current
information, making appropriate
recommendations for oil spill cleanup
procedures and priorities.

PROJECT AREA
Cook Inlet is a long (280 km),

relatively narrow (20-90 km) waterbody
that extends along a north-south axis
from its mouth on the northwest Gulf of
Alaska near Kodiak Island to Anchorage

. at the head of the Inlet (Figure 1). The
Cook Inlet drainage basin encompasses
an area equal in size to the state of
Pennsylvania and is bordered on the
southwest by the Aleutian Range, on the
west by the Alaska Range, on the
northeast by the Talkeetna Mountains,
and on the southeast by the Kenai-
Chugach Mountains. The Susitna, Little
Susitna, Matanuska, Knik, Eagle, and
Kenai rivers provide most freshwater
input to the Inlet, but numerous lesser
discharges occur throughout the Inlet
basin. The Inlet can be divided into three
distinct physiographic regions: the head,
consisting of Knik and Turnagain arms;
Upper Cook Inlet, extending from the
Forelands near Kenai north to points
Woronzof and MacKenzie; and Lower
Cook Inlet, from the Forelands to the Gulf
of Alaska. Water depths average about
60 m throughout the Inlet, ranging from

a maximum of about 100 m near the
mouth to less than 10m at the head.
Much of the Inlet is bordered by extensive
intertidal mud and sand flats that grade
into equally extensive vegetated tidal and
supratidal wetlands.

A combination of physiography, tides,
currents, and meteorology makes Cook
Inlet one of the most dynamic, high-
energy estuaries in the world. The
diurnal range of tides in Cook Inlet
extends from about 5.5 m near Seldovia
in LCI to over 10m along TurnagainArm
in UCl.lndeed, the range oftides in Cook
Inlet is second only in the Western
Hemisphere to that in the Bay of Fundy,
Nova Scotia.

Currents in Cook Inlet are also
extreme, averaging about 1.5 knots
(Reed and Schumaker 1986) but
exceeding 4 knots at several places,
especially near the Forelands where
currents in excess of 8~12 knots have
been recorded. The overall pattern to
Cook Inlet currents is driven by tidal flow
and circulates in a counter-clockwise
gyre. High salinity oceanic water enters
Cook Inlet primarily through Kennedy
Entrance and moves northward along the
east side of the Inlet where it mixes with
input from several rivers at the head of
the Inlet. Low-salinity water from the
upper Inlet then flows south along the
Inlet's west side and back into Shelikof
Strait near Kodiak Island and eventually
back into the Gulf of Alaska (Dames and
Moore 1978). The overall effect of tides
and currents is a net southward
movement of water at a rate about 10-
15% of the speed of the tidal currents.
Thus in winter it takes about 28 days for
ice to move from upper to lower Cook
Inlet (Sharma 1979).

3
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Cook Inlet shorebirds
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Figure 2. Location of subareas within embayments of Cook Inlet. Numbers
refer to inclusive 1.5-km-wide aerial survey segments comprising each subarea.
Filled circles denote locations of on-ground study plots. See Appendix B for
descriptions of each subarea.

METHODS

AERIAL SURVEYS

The most effective means of
assessing the distribution and
abundance. of shorebirds over an area
the size of Cook Inlet is through aerial
surveys. Aerial surveys, however,
inherently come with several constraints
that must be overcome depending on
anticipated objectives when using this
survey methodology. The distribution of
birds can readily be assessed through
adequate spatial and temporal coverage

of an area. Deriving estimates of
absolute abundance, however, requires
some measure of counting error, being
able to identify birds to species or
obtaining a measure of species
composition, and assessing length-of-
stay (LOS) or how long birds use a
particular area.

Two factors dictated the size of the
area we studied: 1)we wanted to include
most of the unvegetated intertidal habitat
within the Inlet, and 2) we needed to be
able to survey this area from the air
during a single tidal cycle. We were
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Cook Inlet shorebirds

fortunate on both accounts in that most
of the Inlet's unvegetated and vegetated
intertidal habitats occur in the upper half
and, with Anchorage as a base of
operations, we could survey this area
during a single flight of about two hours
duration.

In order to learn if shorebird use
varied over different portions of Cook
Inlet, we divided the overall survey area
by principal embayments, including
Susitna Flats, Trading Bay, Redoubt Bay,
and Tuxedni Bay (Figure 2). We then
subdivided each of these areas into
uniquely numbered 1.5-km-wide
segments that extended perpendicular
from the shore.

Previous studies of waterbirds in
Cook Inlet (Butler and Gill 1987) revealed
that most shorebirds pass through the
area during a relatively brief 3-4 week
period in spring (late April to mid-May)
and then over a much more protracted
period in summer and autumn (late June
to mid-September). Further, the
magnitude of use appears to be much
greater during the shorter spring period
(i. e., shorter LOS) than during the longer
post-breeding period. To assess this
differential use we varied the frequency
of aerial surveys according to season. In
spring 1997, surveys were scheduled
every fifth day between 25 April and 20
May; in 1998 we increased the frequency
to every third day during the same period
in order to get a better assessment of
movement of birds through the various
embayments. During the breeding and
postbreeding periods from late May
through late September we attempted to
survey at two-week intervals. During
winter (October-March) we surveyed the
entire study area at monthly intervals
except over the Susitna Flats and
occasionally upper Trading Bay where

;

I
I .
I

we maintained more frequent surveys to
document use of these particular areas
by Rock Sandpipers.

The general survey protocol over the
two years involved single-engine aircraft,
usually a Cessna 172, but occasionally
a Cessna 185 or 206, or a PA 18.
Surveys were flown at about 40-60 m
above ground level and at ground speeds
of between 150 and 190 km/h. Speed
varied depending on season and
observation conditions; slower speeds
were usually used in spring when large
numbers of birds were present.

Surveys were scheduled to be
completed within a two-hour period either
before or after high tide. We generally
avoided high slack tides unless the height
was among the lower in the series and
considerable unvegetated flats remained
exposed. The configuration of Cook Inlet
produces marked temporal delays in any
given tide, however, even between areas
only a few dozen kilometers apart. Thus,
not all areas could be surveyed under
similar tidal conditions. We discovered
that the most uniform coverage occurred
by beginning a survey at Tuxedni Bay
near high tide and working north as the
tide flooded the Inlet. However, the time
difference between high tide at Tuxedni
Bay and Anchorage is about four hours.
Thus, since it only took two hours to
survey between Tuxedni Bay and
Anchorage, comparably more flats were
usually exposed in UCI on any given
survey. This occasionally necessitated
our flying figure "S" patterns over the
Susitna River flats to assure adequate
coverage of this area.

Usually a single observer sat in the
right front seat and surveyed and
recorded information. During each
survey the aircraft was positioned about
100 m inboard of the tide line or, on the

6



Cook Inlet shorebirds

few occasions during which we surveyed
from north to south, the plane was
positioned over the water just outboard
of the tide line. Such positioning was in
response to two factors: 1) surveys
conducted during late flooding or early
ebbing tides assured that we would
encounter most birds at or near the tide
line, and 2) since low-flying aircraft
invariably cause some birds to take flight,
such positioning assured that most birds
that were flushed flew into view of the
observer and not under the plane.
Nevertheless, the pilot regularly looked
for large concentrations of birds visible
only on the left side of the plane and
notified the right-seat observer when
seen.

We attempted to identify all
shorebirds to species, but during certain
periods and under certain observing
conditions we assigned birds to
categories of unidentified small, medium,
or large shorebirds. We also assigned
each observation to a location within one
of the uniquely coded 1.5-km-wide
survey blocks. To facilitate data
presentation for this report we
established subareas within each
embayment by combining survey blocks
(Figure 2). Observations were recorded
onto cassette tape and later transcribed
onto maps of the study area. The
principal observer during aerial surveys
(REG) regularly assessed the precision
of his estimates of flock size (particularly
of Rock Sandpipers) by comparing them
with counts of the same flocks derived
from aerial photographs (see Data
Analysis).

GROUND-BASED STUDIES

Use of unvegetated intertidal habitats
by shorebirds was assessed on census
plots established on areas known to be

major stopover sites during migration
periods. On these plots we focused on ,
determining temporal change in species
composition. Two methods were
employed to assess shorebird use of
vegetated intertidal habitats. Census
plots were used to derive seasonal
measures of species diversity and
relative abundance, while location
mapping of marked individuals provided
information on localized use of intertidal
habitats by breeding birds.

CENSUS PLOTS IN THE UNVEGETATED

INTERTIDAL ZONE

Field work on unvegetated intertidal
habitats was done primarily to ground-
truth aerial survey results, specifically
species composition and abundance. In
1997 this entailed two visits to the Drift
River area of Redoubt Bay, the principal
area used by shorebirds during spring
migration. At Drift River we randomly
scanned portions of large assemblages
and determined the proportions of
various species within samples of the first
50 birds seen. In 1998 we expanded this
effort by establishing three large census
plots (500 m X 500 m) on mudflats just
south of the mouth of the Drift River
(Figures 1 and 2). On 7 of 11 days in
spring we sampled the proportions of the
predominant species of birds classified
as "peeps." We did this by scanning
concentrations of birds and randomly
selecting groups of 50 birds from which
we identified individuals to species. As
a rule we tried to sample at least 10% of
the birds in anyone concentration.

CENSUS PLOTS IN THE VEGETATED INTERTIDAL

ZONE

Census plots (n= 11), ranging in size
from 2.0 to 9.8 ha each (total 41.1 ha),
were clustered in three areas based

7



Cook Inlet shorebirds

principally on access (Figure 2):
Cottonwood Beach south of the mouth
of the Beluga River and off the Ivan and
Lewis river roads. At each site plots were
set up to encompass portions of three
principal habitat types that run the length
of the intertidal gradient: 1) salt-grass
meadow adjacent to unvegetated
intertidal mudflats and dominated by
Triglochin maritimum and Plantago
maritima; 2) short-sedge marsh
characterized by stands of Carex
ramenskii and C. mackenziei; and 3) tall-
sedge marsh of predominantly pure
stands of C. Iyngbyaeii. However, we
found that most plots contained patches
of more than one habitat type and that
differences between short- and tall-sedge
marshes were minimal until mid-June, by
which time vegetation was fully emerged
but most migrant shorebirds had
departed the area. Thus, we do not
distinguish shorebird use by specific
habitat type but rather over the entire
vegetated intertidal community.

Each plot was censused seven times
during spring (3-20 May 1997) and five
times during summer (21 May-9 July
1997). All plots were censused at high
tide by an observer standing on a truck
or a tower and counting all shorebirds on
the plot (flying birds were excluded).

TRACKING MARKED INDIVIDUALS

Beginning in 1995 as part of another
study and continuing through 1998 as
part of this study we color-banded
individuals of four species of shorebirds
breeding locally in Cook Inlet (Lesser
Yellowlegs, Greater Yellowlegs, Short-
billed Dowitcher, and Hudsonian Godwit).
Adults were captured with mist nets while
on nests or as they flew towards
observers while defending broods. Total
numbers of adults of each species

banded at Susitna Flats and throughout
the Anchorage Bowl, respectively, were:
Lesser Yellowlegs, 120 and 53; Greater
Yellowlegs, 2 and 1; Short-billed
Dowitchers, 27 and 4; and Hudsonian
Godwits, 12 and 2. In addition, numerous
chicks (mostly Lesser Yellowlegs) were
also banded and their locations noted
once they fledged. We searched for
banded individuals during regular visits
to coastal salt marshes and upland
breeding habitats from mid-April to late
1997. We marked the location of each
resighting on a color infrared photo and
used behavioral cues to determine each
individual's breeding status (e.g.,
courting, incubating, paired with brood,
failed nester). We used the distance
between an individual's breeding and
foraging site to estimate home range
size.

ASSESSMENT OF ROCK SANDPIPER

OCCURRENCE AND ABUNDANCE

With the discovery of large numbers
of Rock Sandpipers using Cook Inlet in
winter we conducted special aerial and
on-ground surveys to assess their
numbers, use of areas, and taxonomic
affinities. Aerial surveys in winter differed
from those during other seasons in that
we regularly photographed con-
centrations of Rock Sandpipers following
the initial surveys in February 1997.
Photos were later projected and
individuals counted to compare with
ocular estimates made by observers at
the time of the surveys. On four
occasions we observed Rock Sandpipers
from the ground during which we
collected specimens and assessed the
subspecific composition of flocks. The
latter was done by determining ratios of
light and dark birds (C. p. ptilocnemis vs.
either C. p. couesi or C. p.
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tschuktschorum) from among samples of
100 birds (without replication) selected
randomly from larger flocks of birds.

The accuracy of our aerial estimates
of large flock sizes (~ 500 birds) was
assessed from a series of photographs
taken from the air of flocks during
surveys.

DATA ANALYSIS
Studies of shorebird use of migratory

staging and stopover sites have used
various measures to present results,
including relative and absolute counts,
lineal and areal densities, and bird-days
of use, to name a few. In order to allow
greater comparison of results between
this and other studies we present our
findings in four ways: 1) bird-days of use
derived from aerial surveys, 2) lineal
density per kilometer of unvegetated
shoreline derived from aerial surveys, 3)
areal density per hectare of vegetated
intertidal habitat derived from ground
census plots, and 4) high counts of all
taxa or of individual species.

Assessments of relative use of
various nonvegetated intertidal areas
were based on complete aerial surveys
(n = 50) of the study area (Appendix D).
Numbers of individual species are based
on total numbers of birds recorded on
complete aerial surveys and include
those identified to species plus
proportions initially lumped among
categories (small, medium, large) of
unidentified shorebirds. To obtain
information at the species level from
these categories of unidentified
shorebirds we followed a two-step
procedure. First, we determined the
proportion of birds identified to species
during each seasonal period within a year
(spring migration, breeding, autumn

migration, and winter), and then we
applied these proportions to the cohort
of unidentified birds recorded on each
survey that season. The resulting values
were then combined with those for birds
originally identified to species.

To compare use of different study
area embayments by shorebirds we
estimated the average number of birds
that occurred each day by linear
interpolation between surveys. The
interpolated daily estimates of bird use
were summed and divided by the total
number of days within each period. This
method was preferable to calculating a
straight average of all surveys within a
season because the surveys were
concentrated during periods of peak use.
The winter period was shortened for both
1997-98 and 1998-99 to include only the
days encompassed by the first and last
surveys of the study, respectively.

To compare use of different areas
within bays we combined 1.5-km-wide
survey blocks according to major
drainages, resulting in each bay having
between two and four distinct subareas
(see Appendix B for specific
demarcations of each). We calculated
the average daily number of birds using
each bay within each season over the
three years. Next we calculated the
proportion of birds using each subarea
of a bay by season across all years. We
then multiplied these proportions by the
average daily use for each bay to obtain
an estimate of the average number of
birds using each subarea for each
season.

Calculations of lineal densities were
derived using values for average number
of birds per day over a given area divided
by the length (km) of shoreline within that
area (Appendix B).
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Figure 3. Seasonal occurrence and abundance of shorebirds recorded on aerial
surveys (n = 50) of Cook Inlet, 1997-1999.

Totest the accuracy of our estimates
of larger flock sizes, especially those of
Rock Sandpipers, we first calculated the
correlation coefficient between our
estimates and actual counts from
photographs, forcing the relationship
through the origin. We then calculated
the ratio between the estimated and
actual number of birds in the flocks. We
calculated confidence intervals of the
ratio (Cochran 1977) to determine if it
differed significantly from one.

All values are expressed as mean ±
SO unless stated otherwise.

RESULTS

USE OF UNVEGETATED INTERTIDAL HABITATS

SEASONAL OCCURRENCE

Shorebirds used Cook Inlet in a very
pronounced seasonal patternthroughout

the study (Figure 3). Spring migrants
arrived during the last week of April both
years and rapidly built in numbers,
reaching a peak of about 175,000 birds
during the second week of May.
Beginn'ing in mid-May use declined as
abruptly as it had increased and
remained relatively low at less than a
thousand birds throughout summer and
into early autumn, declining to a few
hundred birds by late September.
Following a brief two- or three-week
period from late September to early
October when virtually no birds were
recorded on the area, numbers once
again began to increase as Rock
Sandpipersmoved intothe area to spend
the winter. By early November their
population had reached its maximum of
about 18,000 birds, a level that was
sustained throughout winter and early
spring (but see beyond). During late
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March and early April Rock Sandpipers
gradually departed the area, the last birds
leaving about two weeks prior to the
arrival of other spring migrant shorebirds,
which began the cycle anew.

SEASONAL OCCURRENCE BY SPECIES

The greatest diversity of shorebirds
occurred on the area during spring when
all 28 species recorded throughout the
study period were present. During
summer and autumn, 16 and 18 species,
respectively, were recorded on the area
(Table 1). A single species, the Rock
Sandpiper, was present during winter.
Use of the area in spring was by a
combination of passage migrants (e. g.,
Black-bellied Plover, Whimbrel, Western
Sandpiper, and Dunlin) and local
breeders (e. g., Short-billed Dowitcher,
Hudsonian Godwit, and Greater and
Lesser yellowlegs). Table 2 presents
information on the percent composition
of species or species groups in each
season as recorded during aerial
surveys. Western Sandpipers were by
far the most common species in spring,
accounting for 89% of all birds recorded,
with Dunlin a distant second at 8%.
Fifteen other species comprised the
remaining 3% of birds recorded that
season. Eighty·one percent of all birds
were recorded during spring, followed by
18% in winter, and less than 1% each in
summer and autumn (Table 2).

Compared to spring, few shorebirds
used unvegetated intertidal areas in
summer (Table 2). Migrant Western
Sandpipers still comprised most (39%)
of the birds recorded, but several other
species were well represented, including
migrant Whimbrel (8%) and Black-bellied
Plover (4%), and both locally breeding
(Short-billed only) and migrant (mostly
Short-billed) Dowitcher (23%) and

Hudsonian Godwit (22%). Use during
autumn was also characterized by
comparatively small numbers of birds
and was represented by migrant species
such as Black-bellied Plover (11%), but
also included locally breeding species
such as (Short-billed) Dowitcher spp.
(7%) and yellowlegs spp. (4%). The large
proportion of Rock Sandpipers (35%)
recorded during autumn (Table 2) reflects
a single flock of 1,200 birds that was
recorded on the last day (14 October) of
the autumn survey period and that
represented the vanguard of the
population that wintered in the area. The
large proportion (33%) of unidentified
small sandpipers recorded during this
period was most likely Western
Sandpipers, but we lacked ground data
from which to verify species composition.
With exceptions of a single yellowlegs
(probably Greater) and two Dunlin, all
birds recorded during winter were Rock
Sandpipers.

SEASONAL ABUNDANCE AND USE OF

EMBAYMENTS

Yearly and seasonal use of the four
principal embayments, and the subareas
within each, are shown in Table 3, Figure
4, and Appendix C. Throughout an
annual cycle almost 3.5 million bird-days
of shorebird use were recorded for the
study area. Use was highest during
spring when almost 44,000 birds were
present each day. During summer and
autumn use declined markedly to fewer
than 1,000 birds per day, but use in winter
was surprisingly high at over 10,000 birds
per day. Seasonal patterns of use varied
across embayments and also across
specific areas within each embayment.
These patterns highlighted the seasonal
importance of several key areas to
shorebirds (Table 3, Figure 4). Redoubt
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Table 1. Seasonal status and relative abundance of shorebirds using Cook Inlet, 1997-1999.'

Spring Summer Autumn Winter

No.of No. of No. of No. of

Species Status birds Status birds Status birds Status birds

Black-bellied Plover M f 1,000 m s 100 m f 100
American Golden- m f 10 m f 10

Plover
Pacific Golden-Plover m f10 m f 10 m f10
Semipalmated Plover m,B f 100 B f 100 m f 100
Greater Yellowlegs m,b f 100 B f100 m f 100
Lesser Yellowlegs m,b s 100 B s 100 m s 100
Solitary Sandpiper b f 10 b f 10 m f10
Whimbrel m s 100 m s 100 m s 100
Hudsonian Godwit M,B s 100 B s 100 m s 100
Bar-tailed Godwit m f10
Marbled Godwit m f10
Ruddy Turnstone m f10
Black Turnstone m f 100
Surfbird m s 100
Red Knot m f 100
Sanderling m f 10
Semipalmated m s 100 m f 100

Sandpiper
Western Sandpiper M s 100,000 M s 1000 M s 1000
Least Sandpiper m,b s 1000 b,m f 1000 m f 1000
Baird's Sandpiper m f 100
Pectoral Sandpiper m s-f 1000 m f 100 m f 100
Rock Sandpiper m f 100 m f 100 R s 1000
Dunlin M s 10,000 m f 100
Ruff v
Short-billed Dowitcher M,B s 1000 B,M s 1000 M s 1000
Long-billed Dowitcher M s 1000 m f 100 m f 10
Common Snipe b s 100 b s 100 m s 100
Red-necked Phalarope m s 100 b s 100 m s 100

1 Status and abundance determined from both aerial and ground observations. M = migrant, B =
breeds locally, R = resident, V = vagrant (distinctions between upper and lower case "M"

denote major and minor occurrences relative to the species' flyway population; for "B" distinction

is made relative to breeding populations throughout south-central Alaska), s = several, and f =
few. 'Seasons as follows: Spring (16 Apr - 19 May), Summer (20 May - 14 Jul), Autumn (15

Jul-14 Oct), Winter (15 Oct -15 Apr).
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Table 2. Percent composition by season of shorebirds recorded on aerial surveys (n =
50) of Cook Inlet unvegetated intertidal habitats, 1997-1999.

Taxa

Spring

% Number

Summer

% Number % Number

Black-bellied Plover

Golden-Plover spp.

Semipalmated

Plover

Yellowlegs spp.

Whim brei

H udsonian Godwit

Bar-tailed Godwit

Marbled Godwit

Black Turnstone

Surfbird

Red Knot

Sanderling

Pectoral Sandpiper

Rock Sandpiper

Dowitcher spp.

Red-necked

Phalarope

Unid. small

shorebirtf

Western Sandpiper

Dunlin

Total

<1
<1
<1

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

4,504

10

3

2

48

766

3,933

23

2

9

1,127

341

60

15

2

17,361

89 926,844

8 80,992

100 1,036,040

39

3

100

4 160

4

4

3

5

131

87

157

<1

100 237,862

<1 2
100 237,865

<1

<1 2

351

972

1 Total surveys include 16 during two spring periods, 7 during two summer periods, 12 during two autumn

periods, and 15 during three winter periods. Note that numbers of birds recorded include multiple counts of

same individuals on repeated surveys during seasonal periods.

2 We do not show categories of unidentified medium and large shorebirds because we were able to allocate

all of these-to species based on the composition d birds that were identified to species on the aerial surveys.

Birds classified as unidentified small shorebirds on aerial surveys were allocated based on ratios derived from

ground observations (see methods) except during autumn, when ground coservations encompassed only a

portion of the season. Most of the small sandpipers recorded as unidentified in autumn were likely Western

Sandpipers.

8

22

1 30

23 1,039

1,758

153

4,466

13

35

7

1,224

238

8<1

33 1,163

2

100

80

3,481
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Figure 4. Average number of shorebirds per day using subareas of each
embayment during four seasonal periods, 1997-1999.

Bay, for example, accounted for 73% of
all birds recorded on the study area in
spring while Susitna Flats supported 82%
of all birds during winter.

The importance to shorebirds of
specific subareas within bays was most
apparent during spring. Indeed, even
within subareas particular segments
were used differentially. Most striking
was a 7-km-long segment (areas 7-15;
Figures 2 and 4, Appendix C) of southern
Redoubt Bay (= 5% of the study area
shoreline), which supported over 24,000
birds per day, or 55% of the daily average
for the entire study area that season.
Other measures of shorebird use also

, pointed to the importance of this segment
of Redoubt Bay: thehighest single count

e > 10,000
• 1,001 - 10,000
• 101 - 1,000
• 11 - 100
• 1 - 10
o no birds

of shorebirds (163,000) occurred here,
over twice that of any count elsewhere,
and the highest value of birds present
per kilometer of shoreline (2,308) was
also recorded here (Appendix C). This
was double that of the next highest value,
which was also recorded in Redoubt Bay
on an adjacent area. The next highest
bird use occurred at northern Tuxedni
Bay, where an average of 6,325 birds
occurred per day in spring. Other
subareas that supported over 1,000 birds
per day in spring included the north half
of Redoubt Bay and the north and south
halves of Tuxedni Bay. The remaining
subareas of the study area (all In Trading
Bay and Susitna Flats) supported
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Table 3. Comparison of measures to assess seasonal use by shorebirds of
Cook Inlet embayments, 1997-19991

•

Measure/embayment Spring Summer Autumn Winter

Mean no. birds per day

Susitna Flats 1,831 488 200 8,414

Trading Bay 1348 105 74 1,871

Redoubt Bay 31,883 300 730 21

Tuxedni Bay 8,602 1022 0 0

Mean no. birds per km

shoreline per day

Susitna Flats 36 10 4 165

Trading Bay 49 4 3 68

\Redoubt Bay 1,012 10 2 1

Tuxedni Bay 319 42 0 0

High count

Susitna Flats 6,687 2,637 1,126 25,350

Trading Bay 73,970 120 302 15,300

Redoubt Bay 162,250 440 449 980

Tuxedni Bay 64,790 02 0 0

1 Values are season averages over the entire study period (two spring
periods, two summer, two autumn, and three winter). Total complete surveys
for the combined seasons = 16 spring, 7 summer, 12 autumn, and 15 winter.
2 Even though no birds were recorded using Tuxedni Bay during summer
surveys, estimated values for mean number birds per day and birds per km
shoreline per day reflect values interpolated from the last day of.the previous
survey period (see Methods and Data Analysis).
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Figure 5. Abundance of Western Sandpipers recorded on spring aerial surveys
of Cook Inlet, 1997-1998. Survey totals have been adjusted according to the species
composition of small sandpipers recorded from on-ground observations (see
Methods).

between 100 and 1,000 birds per day
during spring (Appendix C).

During summer and autumn no one
bay or subarea therein stood out from
the others in terms of average daily use,
all being comparatively low with most
supporting fewer than 100 birds per day.
Surprisingly, we recorded very few
shorebirds in Tuxedni Bay in summer and
none during autumn (Figure 4, Table 3).

Use of the study area by shorebirds
in winter was almost entirely by Rock
Sandpipers (see below) and confined
almost exclusively to Susitna Flats and
Trading Bay where an average of 8,414
and 1,871 birds per day, respectively,
occurred throughout the season (Table
3, Figure 4). Within each embayment
birds exhibited preferences for certain

subareas over others, apparently in
response to changing environmental
conditions (see Discussion). At Susitna
Flats birds favored the area about and .
just west of the mouth of the Little Susitna
River and the area between the Ivan and
Beluga rivers. Rock Sandpipers also
favored Trading Bay, especially the
northernmost area about the mouth of
Nikolai Creek. Rock Sandpipers made
little or no use of Redoubt or Tuxedni Bay
during winter (but see Discussion).

ABUNDANCE OF KEY SPECIES

Three species, Western Sandpiper,
Dunlin, and Rock Sandpiper were the
most abundant throughout the study and
merit more detailed analyses.
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Figure 6. Abundance of Rock Sandpipers recorded on aerial surveys of Cook
Inlet, 1997-1999.

Western Sandpiper and Dunlin.-In
both 1997 and 1998 we recorded more
than 100,000 small sandpipers during
aerial surveys in May when numbers
were at their peak (Figure 5). From on-
ground evaluations of species
composition of these large flocks we
determined that 92% and 91% of these
birds were Western Sandpipers in 1997
and 1998; Dunlin comprised the
remaining 8% and 9% in those years.

Rock Sandpiper. -The study period
encompassed one complete and two
partial winter periods (Appendix D). The
mean count of Rock Sandpipers on aerial
surveys (n = 13) during periods of peak
occurrence in all three winter periods was
17,530 ± 6,579 (r = 3,182 - 25,350)
(Figure 6). Estimated sizes of large
flocks of Rock Sandpipers (~ 500 birds)

May
1998

Nov

counted during aerial surveys were highly
correlated with the actual flocks sizes as
determined from photographs (r = 0.98,
n = 25, P < 0.001). Counting errors of
individual flocks ranged from
underestimates of 34% to overestimates
of 41%. Among all photographed flocks,
the ratio between estimated and actual
flock sizes was 1.12 ± 0.05. This ratio
was significantly different from 1.0 (P <
0.05), suggesting we generally
overestimated flocks of more than 500
birds by 12%.

Rock Sandpipers tended to be highly
concentrated during most surveys with
47% of all birds recorded in flocks of
1,000 or more. On a few occasions the
entire population of 15,000-20,000 birds
was found in one or two flocks spread
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Figure 7. Comparative use of embayments by Rock Sandpipers recorded on
aerial surveysdurinq winter, 1997-1999. .
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along 2-5 km of shoreline of western
Susitna Flats (Appendix D).

Once birds arrived in UCI in early
winter they were detected continuously
throughout the period,at either Susitna
Flats or northern Trading Bay depending
on ice conditions (Figure 7; but see
Discussion). This pattern was found
during the 1996-1997 and 1997-1998
winters and into early winter 1998-1999.

USE OF VEGETATED INTERTIDAL AND

ADJACENT HABITATS

ABUNDANCE ON VEGETATED INTERTIDAL PLOTS

A total of 17 species of shorebirds (8
migrants, 9 local breeders)was observed

1998-1999

. '

on vegetated census plots during the
study (Table 4). As with use of
unvegetated intertidal habitats, species
richness and abundance were greater
during spring migration than during
summer (Table 5). The total number of
shorebirds on plots (all plots combined
for each season) averaged 245 ± 88 and
20 ± 8 during spring and summer,
respectively. Their average densities
(5.95 ± 2.12 and 0.49 ± 0.20 birds/ha)
also reflected a marked shift in use
between the two periods. Short-billed
Dowitcher was the most abundant
species in spring, followed by Pectoral
Sandpiper, Least Sandpiper, Western
Sandpiper, and Red-necked Phalarope
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Table 4. Percent species composition of shorebirds using vegetated intertidal
study plots on Susitna Flats, 1997. See Figure 2 for location of plots.

Species Sprlnq' (%)

Black-bellied Plover <1

American Golden-Plover <1

Semipalmated Plover 1

Greater Yellowlegs <1

Lesser Yellowlegs 1

Solitary Sandpiper <1

Whimbrel 1

Hudsonian Godwit 3

Semipalmated Sandpiper <1

Western Sandpiper 14

Least Sandpiper 17

Pectoral Sandpiper 18

Dunlin <1

Short-billed Dowitcher 25

Long-billed Dowitcher 2

Common Snipe 2

Red-necked Phalarope 13

Uri identified small sandpipers 1

Summer' (%)

14

30

21

2

8

14

4

1 Total birds sampled for spring = 1,713; for summer = 101.
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(Table 4). Much less common were
Common Snipe, Hudsonian Godwit,
L,ong-billed Dowitcher, Lesser
Yellowlegs, Whimbrel, and
Semipalmated Plover. Fewer than 10
individuals of the remaining six species
were counted on the plots during spring.
Six of nine species that nested locally
were seen regularly but in low numbers
on plots during summer (Table 4). In
addition, several individuals of two
species (Pectoral Sandpiper and
Whimbrel) that were common migrants
in early spring, lingered in UCI into early
June well after most other migrants had
passed through.

IMPORTANCE OF INTERTIDAL HABITATS TO

LOCAL BREEDERS

Greater and Lesser yellowlegs,
Hudsonian Godwits, and Short-billed
Dowitchers relied on food obtained at
intertidal foraging sites to sustain them
during courtship, incubation, and brood
rearing.

Courtship.-Upon arrival at Susitna
Flats, all species spent the majority of
their time either foraging or resting in
vegetated intertidal habitats. Within days
of arrival and continuing for the next two
weeks birds performed flight displays.
These were all over vegetated intertidal
habitats regardless of whether or not
birds eventually nested inland or along
the coast.

Incubation.-Males and females of
the species that nested inland at Susitna
Flats took incubation breaks and flew to
coastal foraging sites that were disjunct
and often distant from nesting sites.
Incubation breaks lasted up to several
hours based on the timing of resightings
of individuals at foraging sites. Mean
distance moved between breeding and
foraging sites for Lesser Yellowlegs was

4.1 ± 2.3 km (r = 1.6 - 9.9, n = 14 pairs),
for Short-billed Dowitcher 2.7 ± 0.2 km (r
= 2.5 - 3.0, n = 6 pairs), and for
Hudsonian Godwit 2.9 ± 0.2 km (r = 2.7-
3.1, n = 5 pairs). A single pair of Greater
Yellowlegs nested 2.1 km inland from its
coastal foraging site. These data likely
underestimate home range size because
we only color-marked individuals within
about 5 km of available roads; birds that
nested farther inland (and potentially
traveled greater distances during breaks)
were not sampled. A related study in
Anchorage showed that individual
Greater and Lesser yellowlegs traveled
up to 13 km one way during incubation
breaks. Such foraging trips usually
ceased at hatch, but for one species
(Hudsonian Godwit) females continued
to make foraging trips to intertidal flats
during the brood-rearing period.

Brood-rearing.-Beginning the day
after hatch, some pairs of Lesser
Yellowlegs that nested inland at Susitna
Flats began leading their precocial chicks
to coastal sedge-marsh sites, often
traversing distances of more than 3 km.
Interestingly, species that nested in
spruce bogs (G reater Yellowlegs,
Hudsonian Godwit, Short-billed
Dowitcher) did not move their broods to
the coast but remained with them on the
nesting areas. Within these areas,
however, they tended to move their
broods similar overall distances as did
Lesser Yellowlegs. After departing
brood-rearing areas, Lesser Yellowlegs
spent frorn t to 10 days at coastal sedge-

.marsh sites before autumn migration
(Tibbitts, unpubl.).

Breeding area fidelity.-Forty-eight
percent of marked Lesser Yellowlegs (n
= 29) returned to nest at Susitna Flats in
consecutive years, as did all Greater
Yellowlegs (n = 3) and Hudsonian
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Table 5. Seasonal abundance of shorebirds using vegetated intertidal plots
on Susitna Flats, May-July 1997.

Number of Number of Birds per Number of

Season/date 1 species shorebirds hectare" plots with birds

Spring

3-4 May 8 223 5.4 6

5-6 May 11 119 2.9 9

7-8 May 10 345 8.4 9

13-14 May 7 207 5.0 5

15-16 May 13 332 8.1 7

17-18 May 10 171 4.2 7

19-20 May 10 316 7.7 7

Mean ± SO 245 ± 88 6.0 ± 2.1

Summer

29 May 3 17 0.4 2

8-9 June 5 23 0.6 2

18-19 June 6 32 0.8 5

28-19 June 4 19 0.5 2

9 July 3 10 0.2 2

Mean ± SO 20 ± 8 0.5 ± 0.2

1 Inclusive dates for spring period defined as 16 Apr - 19 May; for summer
(breeding) 20 May· 14 JUly.
2 Individual plots (n = 11) ranged in size from 2.0 to 9.8 ha (total = 41 ha).
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Godwits (n = 3). In Anchorage, 81% (n =
88) of marked Lesser Yellowlegs were
seen 1-3 years after banding. Many birds
that returned to nest on the Susitna Flats
did so within 10 km of their previous sites,
but regardless of whether or not they had
shifted nest sites they tended to use the
same intertidal foraging sites each year.

Natal philopatry.-Lesser Yellowlegs
was the only species in which locally
produced birds were documented
returning to their natal site to nest. In the
Anchorage area 19% (7/27) of Lesser
Yellowlegs marked as chicks were
sighted within 10 km of their natal sites
the subsequent one or two years after
fledging. At least three of these birds
nested within 8-12 km of their natal sites.
It is likely that other species exhibit similar
levels of philopatry but we didn't band
enough of their chicks to determine this.

DISCUSSION
Our results clearly show Cook Inlet

to be extremely important to both migrant
and winter resident shorebirds,
supporting major portions of the
population of one of North America's most
(Western Sandpiper) and least (Rock
Sandpiper) abundant species (see
beyond). That shorebird use of this
magnitude and importance occurs on one
of the most active gas and oil exploration
and development areas of the continent
should be of major concern to
conservation planners.

At the same time our study failed to
document any significant autumn
migration of shorebirds through this
portion of south-central Alaska. Such
disparate seasonal use by shorebirds of
Cook Inlet is in keeping with our
knowledqe of patterns of shorebird use
at all major stopover or staging sites in

Alaska, namely that they are either
important in spring or autumn but not both
seasons. Such a pattern is
understandable for sites in western
Alaska in spring where freezing
conditions persist into early May and
preclude most shorebirds from using the
extensive intertidal substrates in this
region. Less clear is why shorebirds on
their return migration in autumn generally
do not use the same sites that they used
during spring or, if they do use the same
area, why overall numbers are markedly
lower in autumn. This pattern is well
established for all major spring stopover
sites along the Gulf of Alaska coast
including the Stikine River Delta, Yakutat
Forelands, the Copper River Delta, and
now Cook Inlet (Isleib and Kessel 1973,
Isleib 1979, Patten 1982, Petersen et al.
1991, C. Iverson pers. comm., M. Bishop
unpubl., this study). The ultimate reason
for the markedly different seasonal
migration strategies exhibited by
shorebirds transiting the Pacific Flyway
of North America, especially in autumn,
likely revolves around factors such as
molt schedules and predictability of
weather to aid migration.

SIGNIFICANCE OF COOK INLET AS A SPRING

STOPOVER SITE FOR MIGRATING WESTERN

SANDPIPERS AND DUNLIN

Among the 75 species of shorebirds
that occur in North America, the Western
Sandpiper is but one of a half dozen
having populations in excess of a million
individuals (Morrison et aI., unpubl.; Rose
and Scott 1997). Recently, Bishop (pers.
comm.) determined that the Pacific
Flyway population of this species
numbers between 2.0 and 3.3 million
birds. The Dunlin is another species
whose continental population probably
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exceeds a million birds, but whose Pacific
Flyway population numbers only about
450,000 birds (Page and Gill 1996, Page
pers. comm.). Because we were able to
determine species composition of birds
using Cook Inlet embayments in spring,
we can, using length-of-stay (LOS)
values, derive an estimate of the total
population of Western Sandpiper and
Dunlin using the study area during spring.

Recent studies by Warnock and
Bishop (1998) and Bishop and Warnock
(1998) used radio-telemetry to determine
that Western Sandpipers stopped on the
Copper River Delta for an average of 2.2
± .1.1 ?ays (n = 90 birds) during spring
migration. A subset of their data involving
many fewer birds (n= 3) suggested even
shorter (1.7 ± 1.1 days) LOS for birds
stopping at sites in Cook Inlet. Applying
t~e former LOS values to the interpolated
bird-days of use recorded from our aerial
surveys (Figure 5, Appendix D), produces
conservative population bounds of
between 600,000 and 775,000 Western
Sandpipers for the area in 1997 and
between 750,000 and 950,000 in 1998.
In terms of overall numbers during the
study period, Cook Inlet (prlmarily
southern Redoubt Bay), supported
between 20 and 47% of the Pacific
Flyway population of Western
Sandpipers each spring.

We are aware of no similar LOS data
f~r Dunlin at spring migration stopover
sites along the Pacific Flyway. For this
exercise we assume a LOS similar to that
of Western Sandpipers based on almost
identical migration chronology, use of the
same migration stopover sites in spring,
and timing of arrival on largely sympatric
breeding areas. Applying the above LOS
values to the interpolated bird-days of
use recorded from our aerial surveys in
1997 and 1998 (Appendix D), we

estimate that between 50,000-65,000
and 72,000-94,000 Dunlin used Cook
Inlet embayments in 1997 and 1998. '
respectively, or between 11 and 21% of
the flyway population.

SIGNIFICANCE OF COOK INLET AS A

WINTERING AREA FOR ROCK SANDPIPERS

The Rock Sandpiper is a Beringian
shorebird having four recognized
subspecies, all with breeding and most
nonbreeding populations confined to
Alaska and northeast Asia (Conover
1944, AOU 1957, Hopkins 1982). The
total population of all forms probably does
not exceed 200,000 birds (Gill, unpubl.;
P.Tomkovich, pers. comm.). The largest-
bodied and probably least numerous of
the forms (c. p. ptilocnemis) breeds on
Bering Sea islands (Pribilofs, St.
Matthew, and Hall Is., Figure 1), but
heretofore has had a largely unknown
distribution during the nonbreeding
season (Conover 1944). This
subspecies does not occu r on its
breeding grounds during winter (contra
Paulson 1993), but it has been seen for
brief periods and in relatively small
numbers along the west coast of Alaska
and the Alaska Peninsula in autumn
among flocks of predominantly C. p.
couesi (Conover 1944; Gill et al. 1981;
Tibbitts et al. 1996; Gill, unpubl.). It is
also known to occur in winter along the
coast of southeast Alaska as far south
as Juneau and Wrangell (AOU 1957), but
nowhere has it been found outside the
breeding season in appreciable
numbers.
. The occurrence of Rock Sandpipers
In UCI has been known to biologists since
at least the mid-1980s when small
numbers were seen on late autumn and
early spring aerial surveys of waterfowl
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(Butler and Gill 1987; W. Eldridge, pers.
comm.; Gill, unpubl.). It was assumed

.these were migrants, either birds passing
through in late autumn or early spring,
but certainly not individuals that intended
to reside or had resided throughout the
winter. In LCI Rock Sandpipers have
been regularly recorded in winter,
especially at Homer (Christmas Bird
Count data), but the first evidence that
the species occurred in UCI in winter
came from an aerial survey during which
"a few thousand small shorebirds" were
seen on a mid-Inlet shoal (just south' of

- West Foreland) in February 1996 (D.
Erickson, unpubl.). With our first aerial
survey in February 1997 we noted large
flocks of small sandpipers in extreme UCI
about the mouth of the Beluga River.
Subsequent on-ground observations
confirmed these were flocks entirely of
Rock. Sandpipers. Birds assessed to
subspecies (n = 1,100 sampled) and
specimens (n = 40) revealed >99% to be
the nominate subspecies (fide D. Gibson,
University of Alaska Museum).
Continued aerial and ground
observations through early February
1999 confirmed a resident winter
population in UCI of about 18,000 birds
(see Results).

Logical questions pertaining to this
discovery are: -1) is this use a recent
occurrence or has it just gone unnoticed?
2) what proportion of the species and
subspecies population do the Cook Inlet
birds represent? and 3) why do birds
choose to winter in UCI instead of central
and southern Cook Inlet where conditions
are presumably more favorable? In
answer to the first question, it appears
Rock Sandpipers have been using the
Inlet in winter for some time. Our results
indicate that Erickson's February
observation of "small shorebirds" could

only have been Rock Sandpipers.
Shortly after the initial discovery we
learned that on several occasions over
the previous 10 years other observers
had reported "large flocks of sandpipers"
along the extreme north shore of Cook
Inlet in winter (A. Bennett, in litt.).
Bennett's observations were made from
the air when inclement weather forced
him to fly close to the ground along the
shore en route to Anchorage from Port
Alsworth. And finally, several records of
over 1,000 Rock Sandpipers seen at
Kachemak Bay in LCI on Christmas Bird
Counts (1982-1996) prompted REG to
look at photographs of Rock Sandpipers
taken there in previous years (1982 and
1984). In these images are several
examples of C. p. ptilocnemis among
the more abundant and much darker and
smaller C. p. couesi or C. p.
tschuktschorum. This prompted us to
visit Kachemak Bay in March 1998 during
which all but one of the 951 Rock
Sandpipers found there were identified
as the C. p. ptilocnemis subspecies (Gill,
unpubl.).

The question of what proportion of the
population of the C. p. ptilocnemis
subspecies of Rock Sandpiper occurs in
Cook Inlet in winter is a bit more
problematic, but evidence points to Cook
Inlet supporting the majority of the
population. The insular nature of the
breeding grounds of this subspecies and
the available habitats on the islands
obviously limit the size of this population,
but there have been no dedicated
assessments of breeding ground
requirements of this subspecies from
which to compare nesting densities and
population figures from Cook Inlet. What
is known is that the number of Rock
Sandpipers in Cook Inlet is more than
double that reported previously for the
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species in general (Gill 1997; Gill and
Tibbitts, unpubl.) and five times greater
than any other known concentration of
the C. p. ptilocnemis subspecles. Only
along the coast of the Yukon-Kuskokwim
River Delta and at certain Alaska
Peninsula estuaries have concentrations
in excess of 5,000 birds been reported
for any subspecies (Gill et al. 1981; Gill
and Handel 1990; Tibbitts et al. 1996; Gill
and Tibbitts, unpubl.).

From an ecological standpoint the
intriguing questions to us are why do
Rock Sandpipers concentrate in such
large numbers in UCI? And why and how
do these concentrations persist
throughout winter when conditions in UCI
can be quite severe? At present we have
several working hypotheses that may
help answer these questions, but these
remain largely speculative without further
study.

The fundamental basis for residency
of any wildlife population must be an
ample food supply. For Rock Sandpipers
wintering in UCI this food supply is the
small bivalve Macoma balthica, which
was almost the exclusive item present in
all 40 stomachs examined to date. Our
preliminary" analyses of the distribution
and density of these clam stocks
indicates that they are prevalent along
the entire west side of UCI from Ivan
River to Redoubt Bay and in densities
from 2,000-3,000 per square meter (Gill
and Tibbitts, unpubl.). Indeed, such
densities apparently allow Rock
Sandpipers to maintain on average 20 ±
4 % (r = 13 - 27, n = 20) total body fat
during winter (R. Gill and T. Piersma,
unpubl.).

This rather high body fat content
poses another series of questions related
to the existence of these birds in UCI in
winter. How, for instance, are birds

obtaining these clams when they are a
probing species and the littoral
substrates over which they feed are
either covered to a large extent by
grounded Inlet ice or, if not covered by
ice, literally flash frozen for prolonged
periods when receding water exposes
them to subzero air temperatures?
Throughout most of the winter from
November to March ambient air
temperature over UCI remains below
freezing, but for a few periods each winter
there usually are prolonged periods of
extreme cold. Such conditions occurred
three times during this study, once in late
December 1997-early January 1998,
again in February 1998, and in January
1999, when daytime high temperatures
remained below -220 C for periods
ranging from 5 to 20 days. How do these
extreme conditions affect the overall
distribution of Rock Sandpipers in UCI?

What we have pieced together to date
suggests that birds prefer the Beluga-
Ivan River portion of the Susitna Flats
(Areas 17-34, Figure 2) because 1)
overall densities of clams are high in this
area, and 2) tidal currents in this portion
of the Inlet affect benthic community
productivity through ice scour. Further,
the sandpipers have evolved certain
foraging behaviors associated with this
ice scour that allow them to reside in this
region of the Inlet during all but the most
severe conditions. For example, in early
winter before major ice formation in Cook
Inlet and again in late winter after ice has
begun to disperse, birds can profitably
forage on exposed mudflats during most
tidal cycles. With the beginning of major
ice formation in UCI in December, most
littoral substrates become covered with
ice that becomes grounded by
combinations of tides and winds. The
exception appears to be the upper and
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middle band of intertidal flats about the prolonged freezing conditions. Such
Beluqa-Ivan rivers, which are kept movements occurred during the harsh
relatively free of grounded ice by the cold spells of December 1997-January
strong sweeping currents along this 1998 and late February 1998 when the
portion of the Inlet shore. The ice that majorityof the populationmovedfrom the
does occur over these flats leaves Susitna Flats and took up residence in
pronounced tracks in the substrate as it the north part of Trading Bay (Areas 1-5,
is moved along by tidal current,especially Figure 2). An even'more pronounced
on receding tides. These tracks vary in shift was documented in January-
length from a few to several hundred February 1999 beginning about the mid-
meters, in width from one to several point of a record-setting cold spell when
meters, and in depth from a fraction to only abouthalf (9,000birds) of the regular
several centimeters. wintering population could be found in

Our on-ground observations to date UCI on a 22 January survey (Figure 2).
suggest Rock Sandpipers have evolved About two-thirds fewer total birds (3,000)
an association with this ice scour that were found on a survey two weeks later
helps sustain them over this portion of - all being distributed about equally
UCI during all but the few periods of along Susitna Flats, Trading Bay and
extreme conditions that occur each Redoubt Bay. A week after this, on 8
winter. They do this in two ways. First, February, following 20 continuous days
we have observed birds arriving over of -200 Ctemperatures, we surveyed the
recently exposed flats and concentrating entire UCI north from Tuxedni Bay and
along scour tracks where they appeared Clam Gulch (Note: these data and those
to be foraging on clams brought to the from surveys in March and April 1999
surface by the scouring action. These were not collected in time to be included
appeared to be both.clams that had been . in this report and are presented here only
killed by the scouring action and ones in the Discussion). On the 8 February
either killed or incapacitated by exposure surveyno birdswere found in the Beluga-
to SUbfreezingambient temperature. Ivan River area and only a few hundred

This scouring action appears to aid were present in Trading Bay. Most had,
Rock Sandpiper foraging in yet another instead, moved farther south with about
way. In January 1998we observed birds equal numbers (4,000) found in southern
from the ground near Beluga when Redoubt Bay and Tuxedni Bay (Areas 1~
ambient air temperatures were -8 to -100 9 Tuxedni Bay and 15-21 Redoubt Bay;
Cand a thin layer of surface mud became Figure 2, Appendix B). Prior to this
frozen within minutes of exposure to the survey we had not recorded Rock
air. However, scour tracks of any Sandpipers in Tuxedni Bay in winter
appreciable depth retained receding tidal despite repeated survey conditions of
water that remained unfrozenfor a longer little or no ice or frozen mudflats at this
period. It was in these tracks that birds site. On the 8 February 1999 survey we
concentrated their feeding. did encounterconsiderableice inTuxedni

Apparently once bi rds are well Bay and over some littoral areas, but the
established in Cook Inlet during winter, flats (Areas 3-6, Figure 2) being used
they only abandon the Beluga-Ivan River most heavily by Rock Sandpipers
area during periods of extreme and appearedto be unfrozenand striatedwith
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both numerous old and fresh ice scour
tracks.

We include a few final observations
as this report goes to the printer. With
the amelioration of harsh winter
conditions in south-central Alaska
beginning mid-February 1999, Rock
Sandpipers did return to UCI, but only in
numbers about half of what was recorded
prior to January. During a 4 Marchsurvey
11,768 birds were recorded, all on the
Susitna Flats near the Beluga River,
while on a 2 April survey 9,600 were
found in the same area. On neither of
these surveys did we find Rock
Sandpipers south of this area. The
reason for the decline in the Rock
Sandpiper population during the second
half of the 1998-1999 winter is unclear,
but two factors seem likely: birds either
emigrated from the area and/or suffered
unusually high mortality due to the
prolonged harsh conditions.

If birds did move south of their normal
range it is unclear where. There were
no reports of unusually large numbers of
Rock Sandpipers in Kachemak Bay or
Kodiak Island during the 1998-1999
winter (West 199~). It is possible they
moved farther south along the Alaska
Peninsula, but previous winter surveys
of the entire south side of the peninsula
(Arneson 1980) recorded shorebirds at
only four sites, and two of these were in
LCI (Tuxedni and Iniskin bays). At none
of these four sites did densities exceed
10.1-100birds/krn",while densitiesat two
of the four sites were <1 bird/ krn",
Though Arneson did not identify these
birds to species, we presume they were
Rock Sandpipers. That the nominate
form of Rock Sandpiper occurs in winter
along the south Alaska Peninsula was
recently confirmed by C. Dau (pers.
comm.) who found a small flock of this

subspecies in Left Hand Bay on 11
February 1999. Finally, Arneson's
surveys were conducted during normal
to mild winters, thus his results may not
be indicative of Rock Sandpiper
occurrence along the Alaska Peninsula
during harshwinter conditions, especially
if birds in Cook Inlet respond to these
conditions by moving.

What puzzles us about the issue of
movement is why numbers of Rock
Sandpipers in March and April 1999
remained low whereas in past winters
when birds shifted south they eventually
returnednorthto their pre-shiftpopulation
levels. We can only speculate that
mortality may also have been a factor in
the population decline detected in UCI
in 1999, but resolution of this will only
come from additional study.

THE IMPORTANCE OF COOK INLET TO NESTING

SHOREBIRDS

In terms of overall numbers of
shorebirds recorded among the four
seasons (Table2, Figure 4), the summer
or breeding period accounted for
relatively few individuals. Nevertheless,
we did establish clear links between
shorebirds that nested around the
periphery of Cook Inlet and their use of
adjacent vegetated and unvegetated
intertidal habitats. Not only did nesting
birds travel several kilometers from
inland nesting sites to feed on intertidal
areas, but they also moved their young
chicks to intertidal habitats where they
remained throughout the brood-rearing
period.

For one species in particular, the
Hudsonian Godwit, Cook Inlet may be
critical to a major portion of the
continental population. Hudsonian
Godwits have a disjunct breeding
distribution with populations distributed
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over two or more areas of Canada and
in south-central and western Alaska
(AOU 1998). Western North American
breeding godwits, including those in
Alaska, have recently been shown to be
genetically distinct from populations
breeding in eastern Canada (Haig et al.
1998). The species' overall population
is estimated at about 50,000 birds
(Morrison et aI., unpubl.), based on
.counts during migration, which would
presumably include birds enroute to or
from Alaska..What proportion the Alaska
birds represent of this figure is unclear,
but certainly less than 10-15%. For
example, away from Cook Inlet
concentrations of godwits have been
reported only on the Yukon-Kuskokwim
Delta; these were in autumn and
consisted of flocks of only a few hundred
birds (Williamson and Smith 1964, Seppi
1995). In Cook Inlet our high counts on
surveys in spring frequently numbered
several hundred birds (highest 786 but
>1,500 when adjusted for proportions
among unidentified large shorebirds;
Table 3, Appendix D). The final
destination of godwits using intertidal
habitats in Cook Inlet in spring is
unknown. Many nest locally and we
suspect the majority remains within the
Cook Inlet drainage basin, which
supports the largest tract of this species'
preferred nesting habitat within the state.

CONSERVATION IMPLICATIONS OF COOK INLET

AS A STOPOVER SITE FOR SHOREBIRDS

Most shorebirds are migratory and
rely on a series of stopover sites during
their migrations (Senner and Howe 1984;
Myerset al. 1987a, b; Morrison and
Myers 1987, 1989; Morrison and Ross
1989). Thus, effective conservation of
their populations depends on the

identification of these sites and an
assessment of the critical periods when
they are used. All sites within a species'
migratoryflyway needto be identifiedand
preserved, since the removal of one key
site could disrupt the entire system.

Morrison (1983, 1984) first proposed
an internationalsystemof linked reserves
to protect important sites required by
shorebirds throughout their ranges. This
led to the establishment of the Western
HemisphereShorebird Reserve Network
(WHSRN), which stimulates de-
velopment of the Network, gathers
informationon potential sites, and ratifies
their inclusion in the WHSRN System
(Myerset al. 1987a, b). To date the
Network has been very successful,
mainly due to voluntary and collaborative
efforts among the various countries and.
organizations having jurisdiction over
linked sites.

The WHSRN program carries no
legislative or statutory provisions for the
protection of a particular site. Instead, it
promotes recognition of sites through
designation by local, state, provincial, or
national conservation units such as
National Wildlife Areas (Parks, Refuges,
Preserves), international treaty or
convention (e.g., "Ramsar" site; Table 6),
or through "stewardship" with private
groupsor individuals. Federal,provincial,
state, or private organizations as
appropriate may manage these in turn.
Through 1999, WHSRN has officially
recognized 14 Hemispheric sites (8 in
NorthAmerica), 12 Internationalsites (10
in North America), and 5 Regional sites
(4 in NorthAmerica). These include only
two sites in Alaska, the Copper River
Delta, a Hemispheric Reserve, and
Kachemak Bay in LCI, an International
Reserve.
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Categories of WHSRN sites.-Four
categories of sites are recognized under
the WHSRN system:

Hemispheric Sites: support at
least 500,000 shorebirds annually, or
30% of a species' flyway population.
Hemispheric sites are intended to include
areas supporting major concentrations of
shorebirds, with daily totals reaching
about 50,000 birds during migration;

International Sites: support at
least 100,000 shorebirds annually, or
15% of a species' flyway population;

Regional Sites: support at least
20,000 shorebirds annually, or 5% of a
species' flyway population; and

Endangered Species Sites: are
critical to the survival of endangered
species (no minimum number of birds is
required).

Findings from our study clearly
demonstrate the importance of Cook Inlet
to migratory and wintering shorebirds,
with all four major embayments (and
several subareas therein) qualifying for
various WHSRN designations (Table 6).
Two areas stand out among all. Southern
Redoubt Bay qualifies as a WHSRN
Hemispheric Reserve based on the total
number of shorebirds it supports and in
both the number of individuals and
percent of the population of Western
Sandpipers it supports in spring (1 million
individuals and 30-50% of the Pacific
Flyway population). The other principal
area of hemispheric importance to Cook
Inlet shorebirds is the Susitna Flats
where what appears to be the vast
majority of the population of the C. p.
ptilocnemis subspecies of Rock
Sandpiper resides throughout winter.
Similar hemispheric designations,
however, are also warranted for Trading
and Tuxedni bays based on their use by
Rock Sandpipers. Whether bays are

considered individually or as a unit, the
unmistakable conclusion is that Cook
Inlet is a site of significant importance to
both Pacific Flyway and North American
shorebirds.

POTENTIAL EFFECTS ON SHOREBIRDS FROM

OIL AND GAS EXPLORATION AND DEVELOPMENT

IN COOK INLET

Without question Cook Inlet is a major
site for oil and gas exploration and
development in Alaska (MMS 1996,
ADNR 1999). Most of LCI was included
within a recent federal lease sale (Lease
Sale 149) while in 1999 the State of
Alaska proposed a much larger Cook
Inlet sale (formerly Lease Sale 85) that
includes all state lands (upland,
tidelands, and submerged lands)
adjacent to and north of the Sale 149.
Development of new oil production
facilities and associated modifications to
existing facilities greatly increase the
chances of direct and indirect impacts to
shorebirds and the habitats on which they
rely.

Shorebirds are most likely to be
adversely affected by such development
in three ways: 1) by disturbance during
critical periods of use, 2) by direct
contamination from pollutants, and 3)
both directly and indirectly through
elimination or contamination of benthic
food supplies. Disturbance would have
the greatest adverse effect if it were to
occur on or adjacent to important spring
stopover sites, such as southern Redoubt
Bay during late April or May. At such
areas shorebirds forage intensively, not
only to replace energy reserves
expended on flights to reach a site such
as Cook Inlet, but also to fuel flights to
succeeding sites along their migration
route. Cook Inlet isa special case in that
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Table 6. Cook Inlet embayments as sites of conservation importance for shorebirds.

WHSRN Ramsar
quallficatlon" quallficatlon"

WHSRN
Site Species/group category' Number % Number %

Susitna Flats
Rock Sandpiper H x x x
Rock Sandpiper R x
Hudsonian Godwit x
All shorebirds R x x

Trading Bay
Rock Sandpiper H x x
Western Sandpiper I x
All shorebirds I x x

Redoubt Bay
Rock Sandpiper H x x
Western Sandpiper H x x x x
Dunlin I ? x x x
All shorebirds H x x

Tuxedni Bay
Rock Sandpiper H x x
Western Sandpiper I x x x
All shorebirds I x x

1 See Discussion for detailed descriptions of WHSRN (Western Hemisphere Shorebird
Reserve Network) categories: H = Hemispheric, I = International, R = Regional.
2 See Discussion for detailed descriptions of WHSRN criteria for each category.
3 Ramsar is an international convention whereby governments agree upon common
standards for the conservation and wise use of wetlands (Rose and Scott 1997). The
most frequently applied "Ramsar Site" criteria are that a site must regularly support at
least 20,000 birds (of all species) and/or that when data on populations are available, the
site regularly supports 1% of the individuals in a population of one species or
subspecies.
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for the most abundant species using the
area, the Western Sandpiper, it
represents the last stopover site for birds
before they depart directly to their
breeding grounds (Bishop and Warnock
1998). Unless adequate energy reserves
are obtained at stopover sites, especially
penultimate sites such as Cook Inlet, it
becomes problematic whether birds will
be able to complete these flights or arrive
with sufficient reserves to begin nesting.
Thus, any activity that would potentially
disrupt foraging for even periods of a few
days could significantly alter energy
intake and affect other subsequent life
cycle events.

Most wildlife that depends on littoral
ecosystems is potentially at risk from
direct contamination from pollutants
associated with gas and oil exploration
and development in marine systems
(Rice et at 1996). Findings from past
studies indicate' that shorebirds as a
group respond differently than other
groups of birds affected by oil spills
(Chapman 1984;Larsen and Richardson
1990; Burger 1997a, b). For example,
they tend to suffer proportionately less
direct contamination from oil. Their
comparative rates of mortality, however,
are harder to assess. This is because
they often depart areas soon after oil has
come ashore or, because of their smaller
size, they are not found as readily as
larger birds. Such is not the case with
the benthic foods upon which shorebirds
depend. Indeed, intertidal invertebrates
as a group usually suffer the greatest
damage and have some of the longest
recovery times of organisms affected by
spilled oil (e. g., Chasse 1978, Teal and
Howarth 1984, Highsmith et at 1996).
Oil-Spill-Risk-Analyses (OSRA) for Cook
Inlet (MMS 1996) indicates a high (27-
72%) probability of there being major

spills associated with gas and oil
exploration and development in this
region. Further, intertidal mud and sand
flats are considered among the most
sensitive of shoreline habitats in the
region. A "base-case" spill in LCI, for
example, is estimated to contact about
50% of all intertidal and shallow subtidal
habitat and to have lethal or sublethal
effects on 40-60% of all marine
invertebrates (= 20% of all infauna within
the region). Recovery times for these
populations, especially those occurring
in low energy habitats such as intertidal
flats, have been estimated at greater than
seven years (MMS 1996).

No similar OSRA has been done in
UCI that we are aware of but, depending
on the source and season of the spill,
one could expect similar or even higher
rates of contact and effects on benthos,
not only because of the greater extent of
intertidal habitats in UCI but because of
the more dynamic influence of tides and
currents in the region (Pearce et al.
1996). For Dunlln and Rock Sandpipers,
which feed almost exclusively on small
clams (i. e., Macoma balthica) while in
Cook Inlet (Gill, unpubl.), loss of or
sublethal effects to their food sources
could have major consequences on the
viability of their populations.

For Rock Sandpipers, in particular, an
oil spill in winter could have severe
consequences. Presumably birds are
most stressed during this season
because of the cold and the difficulty in
obtaining food, especially during the few
periods of extreme conditions that occur
each winter. This is also the time when
weather-induced accidents are most
likely to occur and with little chance of
rapid clean-up (MMS 1996). This
combination of factors would make Rock
Sandpipers highly vulnerable, both from
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direct oiling and indirectly through loss
or reduction of their food supply.

RECOMMENDED PROTECTIVE MEASURES

Added recognition should be given to
several areas of Cook Inlet identified in
this report as being of hemispheric and
international importanceto shorebirds. In
general this would includethe entirewest
side of Cook Inlet from Pt. MacKenzie to
southern Tuxedni Bay. Within this region
four sites should be designated as
environmental resource areas or areas
of special biological sensitivity (MMS
1996). These include western Susitna
Flats from the Susitna River to Threemile
Creek (Susitna subareas 9-16, 17-26,
and 27-34, Appendix B), north Trading
Bay (Trading Bay subareas 1-5 and 6-
10), Redoubt Bay (Redoubt. Bay
subareas 15-21), and Tuxedni Bay
(Tuxedni Bay subareas 1-9). Within
these areas conservation administrators
with Federal, State, and local agencies
should consider placing seasonal
restrictions on certain activities (e. g.,
exploratory drilling and seismic activity).
Critical seasonal periods would include
late April to late May for Redoubt and
Tuxedni bays and November through
April for northern Trading Bay and
western Susitna Flats.
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Appendix A. English and scientific names of shorebirds recorded on the Cook
Inlet study area, 1997-1999. -

English name Scientific name

Black-bellied Plover
American Golden-Plover
Pacific Golden-Plover
Semipalmated Plover
Greater Yellowlegs
Lesser Yellowlegs
Solitary Sandpiper
Whimbrel
Hudsonian Godwit
Bar-tailed Godwit
Marbled Godwit
Ruddy Turnstone
Black Turnstone
Surfbird
Red Knot
Sanderling
Semipalmated Sandpiper
Western Sandpiper
Least Sandpiper
Baird's Sandpiper
Pectoral Sandpiper
Rock Sandpiper
Dunlin
Ruff
Short-billed Dowitcher
Long-billed Dowitcher
Common Snipe
Red-necked Phalarope

Pluvialis squatarola
P. dominica
P. fulva
Charadrius semipalmatus
Tringa melanoleuca
T. f1avipes
T. solita ria
Numenius phaeopus
Limosa haemastica
L. lapponica
L. fedoa
Arenaria interpres
A. melanocephala
Aphriza virgata
Calidris canutus
C. alba
C.pusilla
C. mauri
C. minutilla
C. bairdii
C. melanotos
C. ptilocnemis
C. alpina
Philomachus pugnax
Limnodromus grise us
L. scolopaceus
Gallinago gallinago
Phalaropus lobatus
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Appendix B. Descriptions of subareas within embayments of the Cook Inlet
study area, 1997-1999 (see Figure 2). Place names appear on USGS 1:63360
maps.

Bay and Length of

subarea shore (krn)" Description

Susitna Flats 51.0 West from Pt. MacKenzie at the head of
Knik Arm to 1.5 km south of Threemile
Creek.

Areas 1-82 12.0 From Pt. MacKenzie west to the west
bank of the mouth of the Little Susitna
River.

Areas 9-16 12.0 From Little Susitna River west to the
center of Big Island in the mouth of the
Susitna River.

Areas 17-26 15.0 From Big Island southwest to mid-
channel of the Beluga River.

Areas 27-34 12.0 From Beluga River to 1.5 km south of
Threemile Creek.

Trading Bay 22.5 From Granite Pt. south to the Trading
Bay production facility at the south end
of Trading Bay.

Areas 1-5 7.5 From Granite Point southwest to Middle
River.

Areas 6-10 7.5 From Middle River to mid-channel of the
McArthur River.

Areas 11-15 7.5 From above south along the shore to
opposite the Trading Bay production
facility.
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Appendix B. Continued.

Bay and Length of

subarea shore (krn)' Description

Redoubt Bay 31.5 From the village of Kustatan south to the
mouth of Katchin Creek.

Areas 1-6 9.0 From the village of Kustatan south 2.7
km past the mouth of Johnson Slough.

Areas 7-14 12.0 From 2.7 km south of Johnson Slough
south to the south bank of the mouth of
Drift River.

Areas 15-21 10.5 From Drift River south to the mouth of
Katchin Creek.

Tuxedni Bay 27.0 From the mouth of Crescent River west
alonq the shore to Magnetic Point, then
across Tuxedni River to the mouth of
Open Creek and then east along the
south side of the bay 3.0 km east of
Bear Creek.

Areas 1-9 13.5 From the mouth of Crescent River west
along the shore to Magnetic Point.

Areas 10-18 13.5 From Magnetic Point to 3.0 km east of
Bear Creek.

1 Equal straight line distance along the smoothed contour of the shoreline.
2 Refers to inclusive aerial survey segments, each a rectangle with a 1.5-km-wide
base at the unvegetated-vegetated interface and extending perpendicular to the
farthest intertidal flats exposed at mean lower-low water.
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Appendix C. Comparison of measures to assess seasonal use by shorebirds of the
principal embayments and subareas therein, Cook Inlet, 1997-19991•

Measu re/embaymentlsubarea Spring Summer Autumn Winter

Average no. birds per day

Susitna Flats (all) 1,831 488 200 8,414
1-82 220 10 20 259
9-16 110 88 138 2,848
17-26 842 234 36 4,789
27-34 659 156 6 518

Trading Bay (all) 1,348 105 74 1,871
1-5 867 81 56 1,322
6-10 329 23 16 450
11-15 . 152 1 2 99

Redoubt Bay (all) 31,883 300 730 21
1-6 2,232 33 37 3
7-14 5,420 24 24 0
15-21 24,231 242 12 18

Tuxedni Bay (all) 8,602 1023 0 0
1-9 6,325 90 0 0
10-18 2,277 12 0 0

Average no. birds/km shoreline/day

Susitna Flats (all) 36 10 4 165
1-8 18 1 2 22
9-16 9 7 12 237
17-26 56 16 2 319
27-34 55 13 1 43

Trading Bay (all) 49 43 3 68
1-5 116 11 7 176
6-10 44 3 2 60
11-15 20 0 0 13

Redoubt Bay (all) 1,012 10 2 1
1-6 248 4 4 0
7-14 452 2 2 0
15-21 2,308 23 1 2
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Appendix C. Continued.

Measure/embayment Spring Summer Autumn Winter

Average no. birds/km shoreline/day

Tuxedni Bay (all) 319 43 0 0
1-9 469 7 0 0
10-18 169 1 0 0

High count

Susitna Flats (all) 6,687 2,637 1,126 25,350
1-8 1,985 10 15 3,500
9-16 640 292 1,125 17,500
17-26 2,289 1,337 196 20,000
27-34 1,772 934 12 22,230

Trading Bay (all) 73,970 120 302 15,300
1-5 8,554 97 144 15,000
6-10 35,421 62 75 8,500
11~15 38,595 8 87 11,500

Redoubt Bay (all) 162,250 440 449 980
1-6 10,358 66 329 30
7-14 28,324 25 120 6
15~21 162,500 205 100 950

Tuxedni Bay (all) 64,790 0 0 0
1-9 47,225 0 0 0
10-18 40,720 0 0 0

1 Refers to inclusive number of 1.5-km-wide segments of shoreline within each subarea of
each embayment (see Figure 2).
2 Values are seasonal averages over the entire study period (2 spring periods, 2 summer,
2 autumn, and 3 winter). Total complete surveys for the combined seasons = 16 spring, 7
summer, 12 autumn, and 15 winter.
3 Even though no birds were recorded using Tuxedni Bay during summer surveys, values
for average birds/day and birds per km/shoreline reflect interpolated values between the
last spring survey and first summer surveys (see Methods and Data Analysis).
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Appendix D. Numbers of individuals recorded by species or species group during
aerial surveys of Cook Inlet, 1997-1999. See Figure 2 and Appendix B for locations and
descriptions of bays and subareas within bays.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

11-Feb-97
Rock Sandpiper 23,861 1,631 22,230 23,861

28-Feb-97
Rock Sandpiper 25,350 6,000 19,350 25,350

28-Mar-97
Rock Sandpiper 11,147 11,147 11,147

21-Apr-97
None 0

29-Apr-97
Black-bellied Plover 111 2 2 4
Yellowlegs spp. 13 7 6 13
Hudsonian Godwit 12 5 2 7
Dowitcher spp. 47 8 10 29 47
Unid. small shorebird 1,601 6 75 63 144

2-May-97
Black-bellied Plover 88 14 2 16
Yellow legs spp. 14 1 13 14
Whimbrel 11 3 3 6
Hudsonian Godwit 295 2 31 13 46
Surfbird 1 1 1
Dowitcher spp. 656 254 92 346
Unid. small shorebird 32,263 5 42 900 75 1,022

10-May-97
Black-bellied Plover 43
Whimbrel 96
Hudsonian Godwit 52 7 1 8
Bar-tailed Godwit 2
Dowitcher spp. 393
Unid. large shorebird 11
Unid. med. shorebird 26 1 1
Unid. small shorebird 177,950 50 350 400

13-May-97
Black-bellied Plover 26
Golden-Plover spp. 4
Whimbrel 102 3 2 5
Hudsonian Godwit 12 4 2 6
Black Turnstone 8
Red Knot 60
Sanderling 25
Dowitcher spp. 496 80 127 207
Unid. med. shorebird 7
Unid. small shorebird 69,704 50 250 300



Trading Bay Redoubt Bay TuxedniBay

Cook Inlet shorebirds

1-5 6-10 11-15 Total 1-6 7-14 15-21 Total 1-9 10-18 Total

47 60 107

1 1 4 4

360 360 200 647 250 1,097

27 27 41 2 43 2 2

5 5
5 32 74 111 130 8 138

17 25 18 60 250 250
3,600 1,250 359 5,209 3,695 14,910 7,353 25,958 48 26 74

43 43
15 15 76 76 5 5

14 8 12 34 10 10
2 2

2 36 38 55 55 300 300
1 1

25 25
40 1,353 1,393 162,291 162,291 8,350 5,516 13,866

12 12 5 9 14
4 4

24 73 97
4 4 2 2

8 8
25 25 20 15 35

25 25
2 2 29 118 15 162 125 125

7 7
1,800 1,200 5,025 8,025 5,284 5,560 38,035 48,879 10,500 2,000 12,500
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Appendix D. Continued.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

16-May-97
Black-bellied Plover 39 18 18
Semipalmated Plover 3
Whimbrel 187
Hudsonian Godwit 28 3 3
Red Knot 5
Sanderling 11
Pectoral Sandpiper 15
Dowitcher spp. 230 6 150 156
Unid. large shorebird 12 12 12
Unid. med. shorebird 549 125 125
Unid. small shorebird 16,062 50 10 60

19-May-97
Black-bellied Plover 10 1 3 4
Yellowlegs spp. 10 10 10
Whimbrel 41 4 4
Hudsonian Godwit 133 1 6 7
Red Knot 157 5 70 75

. Sanderling 24 1 8 9
Dunlin 397 2 10 115 127
Dowitcher spp. 540 20 60 255 335
Unid. med. shorebird 105 5 100 105
Unid. small shorebird 2,340 600 80 680

30-May-97
Black-bellied Plover 2 1 1
Golden-Plover spp. 1
Whimbrel 49 5 2 10 18 35
Hudsonian Godwit 513 46 166 71 125 408
Pectoral Sandpiper 28 28 28
Dowitcher spp. 476 15 80 248 116 459
Unid. large shorebird 2
Unid. med. shorebird 95 40 30 25 95
Unid. small shorebird 1,813 8 3 950 650 1,611

10-Jun-97
Whimbrel . 63 5 45 50
Hudsonian Godwit 96 59 18 2 79
Pectoral Sandpiper 2
Dowitcher spp. 233 125 20 62 207
Unid. med. shorebird 2

3-Jul-97
Black-bellied Plover 39 39 39
Whimbrel 171
Hudsonian Godwit 5
Unid. small shorebird 32 1
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Trading Bay Redoubt Bay

1-5 6-10 11·15 Totej 1-6 7-14 15-21 Total 1-910-18 Total
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Appendix D. Continued.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

11-Jul-97
Black-bellied Plover 103 70 33 103
Yellowlegs spp. 2 2 2
Whimbrel 20 20 20
Hudsonian Godwit 35 11 11
Dowitcher spp. 58 8 8
Unid. med. shorebird 5 5 5
Unid. small shorebird 47 40 40

19-Jul-97
Yellowlegs spp. 1
Whimbrel 1
Hudsonian Godwit 106 84 3 87
Dowitcher spp. 21 21 21
Unid. small shorebird 8 6 6

26-Jul-97
Black-bellied Plover 254 14 135 149
Yellowlegs spp. 16 16 16
Whimbrel 38 18 9 27
Hudsonian Godwit 38 26 12 38
Dowitcher spp. 121 121 121
Unid. med. shorebird 15 15 15
Unid.small shorebird 86 34 12

,
40 86

6-Aug-97
Black-bellied Plover 23 6 6
Yellowlegs spp. 21 21 21
Whimbrel 4
Dowitcher spp. 25
Red-necked Phalarope 8
Unid. small shorebird 95

18-Aug-97
Whimbrel 40
Unid. small shorebird 105

29-Aug-97
Yellowlegs spp. 37
Whimbrel 4
Dunlin 80

12-Sep-97
Unid. small shorebird 1 1

30-Sep-97
Dowitcher spp. 29

10-0ct·97
Yellowlegs spp. 2 2 2
Rock Sandpiper 90 15 44 31 90
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Trading Bay Redoubt Bay Tuxedni Bay

Cook Inlet shorebirds

1-5 6-10 11-15 Total 1-6 7-14 15-21 Total 1-9 10-18 Total

12 1 13 11 11 .
50 50

7 7

1 1
1 1

2 15 17 2 2

2 2

105 105

11 11

17 17

4 4
25 25

8 8
20 75 95

40 40
45 45 60 60

37 37
2 2 2 2

80 80

29 29
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Appendix D. Continued.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

17-0ct-97
Rock Sandpiper 167 3 3

8-Nov-97
Rock Sandpiper 21,640 3,500 17,500 21,000

5-Dec-97
Rock Sandpiper 21,290 850 9,340 1,100 11,290

4-Jan-98
Rock Sandpiper 16,930 9 878 740 1,627

4-Feb-98
Rock Sandpiper 20,166 20,000 20,000

4-Mar-98
Rock Sandpiper 19,707 207 4,500 4,707

3-Apr-98
Rock Sandpiper 9,800 8,500 1,300 9,800

26-Apr-98
Black-bellied Plover 140

1-May-98
Yellowlegs spp. 1
Hudsonian Godwit 472
Dowitcher spp. 50

3-May-98
Black-bellied Plover 1,492
Yellowlegs spp. 2 2 2
Whimbrel 34
Hudsonlan Godwit 575 4 10 14
Black Turnstone 1
Dowitcher spp. 1,406 70 5 75
Unid. large shorebird 19
Unid. med. shorebird 104 4 4
Unid. small shorebird 121,727 7 1,300 900 2,207

5-May-98
Black-bellied Plover 972
Whimbrel 8
Hudsonian Godwit 215 12 12
Red Knot 3
Dowitcher spp. 876 35 23 58
Unid. large shorebird 48
Unid. med. shorebird 80
Unid. small shorebird 138,056 12 3 15
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Trading Bay Redoubt Bay TuxedniBay

Cook Inlet shorebirds

1-5 6-10 11-15 Total 1-6 7-14 15-21 Total 1-9 10-18 Total

16 16 148

640 640

5,500 4,500 10,000

3,800 11,500 15,300

166 166

15,000 15,000

148

3 3
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Cook Inlet shorebirds

Appendix D. Continued.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

9-May-98
Yellowlegs spp. 2 2 2
Hudsonian Godwit 768 2 17 706 725
Surfbird 315 4 4
Dowitcher spp. 866 325 540 865
Unid.large shorebird 1,080 1 1
Unid. med. shorebird 5,282
Unid. small shorebird 123,065 100 200 300

11-May-98
Black-bellied Plover 100 10 10
Whimbrel 17
Hudsonlan Godwit 59
Surfbird 412
Dowitcher spp. 1,248 84 145 229
Unid. large shorebird 2
Unid. med. shorebird 259
Unid. small shorebird 140,549 600 600

13-May-98
Black-bellied Plover 144 1 1 12 14
Whimbrel 15 1 1
Hudsonian Godwit 108 38 38
Surfbird 5
Dowitcher spp. 4,883 1579 470 2049
Unid. small shorebird 161,344 1,985 639 671 1,290 4,585

16-May~98
Black-bellied Plover 11 2 4 6
Whimbrel 46 2 5 1 8
Hudsonian Godwit 72 9 11 7 27
Bar-tailed Godwit 2
Marbled Godwit 1
Surfbird 38 25 25
Dowitcher spp. 454 58 142 25 225
Unid. large shorebird 38
Unid. med. shorebird 166 15 52 54 121
Unid. small shorebird 20,100 171 237 70 478
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Trading Bay Redoubt Bay TuxedniBay

Cook Inlet shorebirds

1-5 6-10 11-15 .Total 1-6 7-14 15-21 Total 1-9 10-18 Total
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Cook Inlet shorebirds

Appendix D. Continued.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

19-May-98
Black-bellied Plover 5 2 2
Golden-Plover spp. 6
Whimbrel ' 95
Hudsonian Godwit 32 7 5 12
Bar-tailed Godwit 18
Marbled Godwit 1
Red Knot 60
Rock Sandpiper 2 2 2
Dowitcher spp. 331 137 21 158
Unid ..Iarge shorebird 17
Unid. med. shorebird 48 7 7
Unid. small shorebird 2,676 28 134 162

5-Jun-98
Whimbrel 26 16 16
Hudsonian Godwit 159 48 41 89
Dowitcher spp. 55 20 14 34
Unid. large shorebird 7

24-Jun-98
Whimbrel 21
Hudsonian Godwit 143 130 5 135
Dowitcher spp. 76 45 30 75
Unid. med. shorebird 51
Unid. small shorebird 18 10 6 16

9-Jul-98:
Hudsonian Godwit 13 13 13
Dowitcher spp. 4 4 4
Unid. small shorebird 1

6-Aug-98
Black-bellied Plover 108 14 14
Yellowlegs spp. 51 12 33 45
Hudsonian Godwit 13
Dowitcher spp. 37 2 2
Unid. small shorebird 803 115 45 40 200

28-Aug-98
Rock Sandpiper 8 8 8
Unid. small shorebird 65 65 65

21-Sep-98
Yellowlegs spp. 1

14-0ct-98
Rock Sandpiper 1,126 1 1,125 1,126

52



Trading Bay Redoubt Bay Tuxedni Bay

Cook Inlet shorebirds

1-5 6-10 11-15 Total 1-6 7-14 15-21 Total 1-9 10-18 Total
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1 2 3
6 6

2 18 20 71 71 4 4
15 3 1 19 1 1

3 3 11 11 4 4
1 1

60 60

15 11 26 5 42 95 142 5 5
5 5 10 7 7

4 30 7 41
62 25 53 140 20 912 792 1,724 610 40 650

1 9 10
70 70
20 20 1

7 7

13 8 21
4 4 4 4
1 1
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Cook Inlet shorebirds

Appendix D. Continued.

Susitna Flats

Survey/taxa All bays 1-8 9-16 17-26 27-34 Total

30-0ct-98
Yellowlegs spp. 1
Rock Sandpiper 18,000 400 600 8,500 9,500
Dunlin 2

20-Nov-98
Rock Sandpiper 17,849 4 11,825 6,000 17,829

21-Dec-98
Rock Sandpiper 17,523 17,520 17,520

22-Jan-99
Rock Sandpiper 8,600 3,759 3,759

2-Feb-99
Rock Sandpiper 3,182 150 919 1,069
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Trading Bay Redoubt Bay TuxedniBay

Cook Inlet shorebirds

1-5 6-10 11·15 Total 1-6 7-14 15-21 Total 1-9 10-18 Total
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As the Nation's principal conservation
agency, the Department of the Interior has
responsibility for most of our nationally
owned public lands and natural resources.
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sound use of -our lands and water
resources; protecting our fish, wildlife, and
biological diversity; preserving the
environment and cultural values of our
natural parks and historical places; and
providing for enjoyment of life through
outdoor recreation. The Department
assesses our energy and mineral
resources and works to ensure that their
development is in the best interests of all
our people by encouraging stewardship
and citizen participation in their care. The
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communities.


