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SUMMARY OF OBJECTIVES, CONCLUSIONS AND | MPLI CATI ONS W TH RESPECT TO OCS O L AND
GAS DEVELOPMENT

The purpose of this study was to obtain information on avi an use of the
Navarin Basin, and to evaluate the potential risk to birds of offshore oil
devel opment in this region. W used data from our five OVPA sponsored cruises which
covered the central shelf area of the Bering Sea (59°30'N to 63°N). W al so used
data from other OSCEAP surveys of the area, and our data from PROBES sponsored
Crui ses.

Despite the number of cruises surveying the Navarin Basin, only about
hal f of the area has been covered in any season and there is no coverage for
thewi nter. Sanple sizes are generally lowin the Navarin Basin (a maxi mum
of 40 transects per 30 latitude by 60" |ongitude block). Hence, we pool ed
observations by location into |arger geographic areas on the basis of oceanographic
and biological features: coastal water, mddle shelf water, outer shelf water, deep
wat er and areas within 60 km of the major breeding colonies at St. Lawence and
St. Matthew Islands (Figure 1). Wiile the use of zones is useful for providing patterns
of bird distribution and abundance within habitats, it does not reveal specific
sites of high density.

Aver age Densities

The anal ysis of bird distribution by zone (Table 1) showed birds concentrated
in the mddle shelf and outer shelf regions of the Navarin Basin in the spring,

with average densities of about 40 birds/km?. Least Auklets (Aethia pusilla) were

the nost abundant species in both the outer shelf and middle shelf waters surveyed,

al though Thick-billed Mirres (Uis lomvia) were al so abundant on the mddle shelf.
In sunmer, birds were concentrated around the colonies at St. Law ence

I'sland (average density 343 birds/kmz, nostly auklets) and St. Matthew Island

(average density 193 birds/knf, nostly murres). Bird densities in outer shelf

wat ers were also high (97 birds/kmz) and represented stormpetrels (Oceanodroma
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Table 1. Mean densities (birds/kmz) of birds on the central Bering Sea shelf
by zone and Season. The abbreviations in parentheses stand for the nost abundant
species. See tables 3-5 for sanple sizes.

SPRI NG SUMVER AUTUWN
ZONE
Coast al * 75 (MURR) 3
M ddl e Shel f 44 (LEAU) 19 (MURR) 12 (SMAL)
Quter Shel f 38 (LEAU) 97 (STPE) 21 (SW)
Deep 6 (NOFU) 24 (STPE) 22 (SHER)
St. Matthew 16 (MURR) 193 (MURR) 7 (BLK1)
St. Lawrence ' 343 (SMAL) i
Tot al 28 98 13
Al'l seasons 56

* no data

1 BLKI = Bl ack-1 egged Kittiwake, LEAU = Least Auklet, MURR = nurres, NOFU = Northern
Fulmar, SHER = shearwaters, SMAL = small auklets, STPE = stormpetrels.
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sp.) and phalaropes (Phalaropus sp.).Coastal waters showed noderate use in the sumer

(average density 75 birds/kmz) by murres, Bl ack-|egged Kittiwakes (Rissa tridactyla)

and Crested Auklets (Aethia cristatella),

I n the fall, the Navarin Basin supported |ow densities of birds. The highest
densities were found in outer shelf waters and in the deep waters beyond the shel f
(average density 20 birds/kmz). Auklets were the predonminant birds in outer shelf
waters while shearwaters were the nost abundant species beyond the shelf,

Figures 2-4 show average bird density on a finer scale (30 latitude by 60’
| ongi tude bl ocks) and show high average densities (> 75 birds/kmz) within the
Navarin Basin during all seasons we sanpled. In general, average densities were
| oner and areas of high density were not as w despread in portions of the southeastern
Bering Sea (e.g. the inshore waters of Bristol Bay and portions of the outer and middle
shel f domains). In the spring, high bird densities were found west of St. Matthew
Island, near the 100 and 200 m isobaths. Large nunbers of birds were also seen in
the polynyas around St. Matthew Island (N Harrison, B. Braun, pers. ohs.), but”, no
formal censuses were made. In sumrer, average densities were highest around St. Mtthew
Island, the site of a breeding colony of 1.4 nmillion seabirds (Sowls et al., 1978),

St. Lawence Island, with 1.8 mllion breeding seabirds, and at the shelf edge in
the northwest corner of the Navarin | ease sale area. In the fall, bird densities were
noderate or low(< 30 birds/km?) except at the shelf edge in the southwest corner

of the lease sale area where the average densities of Northern Fulmars (Fulmarus
glacialis) and shearwaters (Puffinus sp.) reached 75 birds/km?.

Encounter rate for high bird densities

Figures 5-8 show the encounter rate for four levels of bird density (50,
100, 500 and 1000 birds/km?) averaged throughout the year. Since oil spills
may occur in any season, these figures give a rough estimate of the number of
birds that might be affected in any region. Large nunbers of birds are likely to

be affected near St. Matthew and St. Lawrence |slands and at the shelf break in
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the northwest corner of the |ease-sale area (Figure 7). High bird densities in
these areas were largely confined to the summer (Table 6, p. 33), when they
occurred more frequently than figures 5-8 suggest. In the sunmer, bird densities
s 250 birds/km2 were encountered in 10% of the transects in outer shelf waters
(nostly stormpetrels and phalaropes), in 22% of the transects around St. Matthew

Island (nostly murres and auklets), and in 27% of the transects around St. Law ence

Island (nostly auklets).

Summary and recommendations for future work

Mbst of the avian biomass of the Navarin Basin was conposed of resident,
breeding birds, with Thick-billed Murres and Least Auklets being the npbst abundant

species. The only migrants which occurred in large nunbers were phalaropes

(mostly Red Phalaropes Phalaropus_fulicaria) which occurred in high densities

at the shelf break during summer. Mgrant shearwaters, which doninated the avifauna
of the southeastern Bering Sea, were a minor constituent of the Navarin Basin
avifauna, and were only found in high densities at the shelf break in the fall,
Addi tional survey work around St. Lawence and St. Matthew Islands in the spring
coul d be useful given our observations of |arge nunbers of birds and Divoky's
(1980) suggestion that nost bird biomass in the ice-influenced portion of the
Bering Sea in spring is associated with polynyas around col onies. Although al nost
hal f of the Navarin Basin hasn't received sanpling, all marine habitats have

been censused and consistently | ow counts were found in nbst censused areas
(Figures 14-16, pp. 30-32). Further survey efforts are unlikely to provide new
insights into the locations of seabird concentrations in the Wavarin. Enphasis
shoul d now focus on protecting critical habitat, particularly the areas around

col oni es. The devel opnent of a staging area on St. Matthew Island is of particular
concern as increased ship traffic in the area may result in chronic oil pollution
of the foraging areas of breeding birds. Hunt (MS) has suggested that chronic

pollution nay have nore serious consequences for population stability than occasional

spills.
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INT RODUCT | ON

This study exanines seabird use of the Navarin Basin and central shelf region
of the Bering Sea. W discuss the seasonal patterns of bird use of the Navarin
Basin and conpare average densities and doni nant species with other regions
of the Bering Sea. W discuss the inportance of the region for species sensitive
to oil spills and point out inportant habitats where high bird densities nay
be expected. We identify areas within the Navarin Basin which |lack adequate
censusing and make recommendations for future study. Here, we also present the
latest conpilation of bird distribution data for the eastern Bering Sea, including
new data fromfive 1982 cruises. These cruises largely covered previously uncensured
areas on the central shelf of the Bering Sea (59°30'N - 63°N). Two cruises We
made in 1983 in the Navarin Basin and adjacent deep waters are not included
in this presentation, but are being entered into the seabird data base available
from NODC and the Data projects Goup at the University of Rhode Island

We have previously reported on the patterns of seabird distribution relative
to the risk of encountering oil for the southeastern Bering Sea (Hunt et al.
1982) and for the North Aleutian Shelf {Eppley et al. 1982). Qur know edge of
bird densities in the Navarin Basin is based on a relatively snall data base
compared to that available for the St. CGeorge Basin or the PROBES area in centra
Bristol Bay. For these regions which have received extensive sanpling, we previously
found significant differences between water nasses in the abundance of birds
and species present which accounted for up to 30% of the variation in bird nunbers.
In the Navarin Basin, for which we have a relatively snall data set and where
there are several water nmsses, it was necessary to focus on avifaunal differences

anong water nasses in generating our estimates of bird nunbers.
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CURRENT STATE OF KNOW.EDGE

Cceanogr aphi ¢ setting

The Navarin Basin contains several different hydrographic domains: deep
waters beyond the shelf, outer shelf waters, mddle shelf waters, and shallow
wat er habitat around St. Matthew Island and nearby St. Lawrence Island (Figure
9). Much of the eastern Navarin Basin consists of nmiddle shelf waters, 50 to
100 m deep. A strong thermocline devel ops in these waters, liniting nutrient
input to the euphotic zone. The central and western part of the Navarin Basin
contains outer shelf waters, which are conplexly stratified. Upwelling is expected
at the shelf break front, which crosses the western corner of the |ease sale
area. East of the Navarin Basin, there is extensive niddle shelf and coastal
water habitat. St. Matthew Island, which rests in nmiddle shelf water, presents
a topographic discontinuity in this two-layer system and its coastal waters
may support different prey popul ations.

The water masses of the Navarin Basin are similiar in their vertical
structure to the domains of the southeastern Bering Sea studied by the PROBES
program In the southeastern Bering Sea, these water masses have little net
hori zontal advection (Coachman and Charnell 1979) and are associated with distinct
faunal assenbl ages and food webs (Iversom et al. 1979); in the northern Bering
Sea, anal ogous water masses formcurrents. Wiile there are simlarities between
thef aunas of the anal ogous northern and southern water masses, there are inportant
differences in biomass and species conposition of the faunas. Presumsbly the
central shelf of the Bering Sea is a transitional area for these water masses
and it is difficult to apply directly the results of studies done on the northern
or southern water nasses to this central region. The physical oceanography of
the Navarin Basin is not well studied and little information is available on

the fauna and food webs of this region.
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Orni t hol ogi cal background

As part of their efforts to census pelagic bird abundance in the Bering Sea,
the U S. Fish and Wldlife Service has conducted bird censuses in the Navarin
Basin. These data have not been presented for the Navarin Basin per se, but
have been included in the general ornithol ogical data base and are included
in the present analysis. Other ornithol ogical work on the Bering Sea shelf has
not been localized in the Navarin Basin, but the results may be applicable.
previously, Shuntov (1972), Wahl (1978) and Hunt et al. {(1981b) have reported
summer densities of birds on the Bering Sea shelf to be between 15 and 32 birds/km?‘.
Surface-feeding seabirds such as kittiwakes, fulmars and stormpetrels, have been
found to be associated with outer shelf waters, while sub-surface foragers have
been found to be associated with middl e shelf waters (Schneider and Hunt 1982).

Thi ck-bi |l ed Murres and Sooty Shearwaters (Puffinus griseus) have al so been

associated with outer shelf waters (Schneider and Hunt 1982).

The nunber of different water nasses in the Navarin Basin probably
increases the local heterogeneity of the avifauna. Fronts and eddies forned
at the boundaries of water masses, the upwelling regi on along the continental
slope, and outer shelf areas may possibly support |arger standing stocks of prey
than surrounding waters and nay therefore be areas where high bird densities

are likely to be encountered.

There are two large bird colonies fairly near the Navarin Basin which
serve to increase bird densities in the region, St. Matthew Island with 1.4
mllion birds and St. Lawence Island with 1.8 nillion birds (Sowls et al. 1978).
Only St. Matthew Island is close enough to the Navarin |ease-sale area so that
breeding birds might forage there. However, the Navarin Basin is likely to be

important to birds associated with other northern colonies as a staging or recovery

area before or after breeding.
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The Navarin Basin has not been censused for birds during the winter,
largely due to the logistical problenms caused by ice cover between January
and June (Brewer et al. 1977). McRoy et al. (1971) visited St. Mtthew Island
in February and found concentrations of murres, Harlequin Ducks (Histrionics
hi strionics), Oldsquaw (Clangula_hyemalis) and eiders in the |eads around the
island. In March, Divoky (1981) found that the ice front is an inportant habitat
for birds where high densities were common {up to 10, 000 birds/km2 w th 1000
bi rds/ ki occurring commonly). Mirres were the nost numerous species he found
associated with ice. Later in the spring, high bird densities ( > 100 birds/kmz)
were limted to polynyas near breeding colonies, and bird densities el sewhere
were lower (30-50 birds/knf)(Divoky 1981). The inpact of oil spilled during
winter on Navarin Basin avifauna may be very different than oil spilled in other
seasons due to the concentrating effect of polynyas on birds and oil, the transport
of oil inice and the release of unweathered oil fromthe nelting ice edge in
the spring (Vermeer and Anweiler 1975, Gaston and Nettleship 1981, Brown 1982).

In the past few years, methods have been presented to evaluate the risk
of oil to bird populations (King and Sanger 1979) and to conpare the risk to
birds among regions (Kaiwi and Hunt 1983). King and Sanger’'s oil vulnerability
index for North Pacific bird species indicates the |ikelihood that an individual
of a species will become oiled and the sensitivity of the species given its
popul ati on size, breeding range and productivity. Kaiwi and Hunt (1983) devel oped
a nethod to assess the relative risk to birds within segnents of a | ease-sale
area and to conpare these assessnents. They polled ornithol ogi sts, conservationists
and ecol ogists and found that respondents preferentially voted to protect areas
where birds breed and those containing bird populations with |ow reproductive

rates.
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We are still a long way from being able to predict the consequences of oil
spills on Alaskan seabird popul ations. Hunt (MS) has summarized recent literature
on birds and oil pollution, enphasizing the applicability and linmitations of
sinmul ati on models Of seabird popul ati on response. He points out that oil-related
nortality in some cases is only a small fraction of natural nortality. If oil-related
mortality is additional to natural nortality, then oil spills could have major
effects on seabird popul ations ., especially if spills occurred close to large

colonies. However, if npst natural nortality is density-dependent, then oil-related

| osses could be largely conpensatory. In Alaska, |osses due to oil pollution
might be recovered through increased production via a reduction of density-dependent
depressi on of reproduction found at the large colonies (Hunt et al. MS). Alternatively,
the concentration of birds in a few |l arge col oni es nmakes these popul ati ons extrenely
vulnerable to a single spill, Most of the information we have on the effects of
oil pollution on narine bird popul ations comes fromthe North Sea where bird
colonies are relatively small ( <100,000 birds) and dispersed. In Al aska, marine
birds are concentrated in a few very large colonies ( >1,000,000 birds). The
nmodel s of bird popul ation recovery rely on age-specific survivorship curves
derived from European seabird popul ations; these may be different from val ues
for Al askan seabird populations which live in a different environment

Clark (1984) and Hunt (MS) suggest that chronic, |owlevel pollution may be
nore damaging to popul ation stability than occasional spills. The plan to
use St. Matthew Island as a staging area raises concern about increased ship
traffic resulting in chronic pollution of the foraging areas of breeding birds
Prelinmnary results from our WNSF-sponsored Study of seabird foraging suggests
that tidal fronts and eddies may be inportant foraging sites for St. Matthew

birds. These features may tend to concentrate and confine oil in what may be

preferred forging areas of breeding birds.
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METHODS

Dat a collection

The data presented in this report were obtained on five OWPA sponsored cruises
made in 1982, and on other cruises nmade by ourselves (including PROBES cruises)
and other OCSEAP investigators (see Appendix 4). Bird densities were estimated
using a line transect nethod nodified for use at sea (Hunt et al. 1982). Counts
were made from ships, using a 90° sector extending 300 m abeam and forward.
Counts were made while the ship was underway at speeds ranging from 10 to 20
kmhr (5-11 knots). Ship following birds were counted and thereafter excluded
fromcounts. The ship's position, to the nearest tenth of a minute of latitude
and longitude, was recorded at the start and end of each 10 minute count. Bird
identifications were made to the |owest possible taxonomic |evel. Bird densities
were conputed for each 10 minute count based on the area scanned (distance traveled
X transect width). Data fromaircraft surveys (using either fixed-wing craft
or helicopters) were treated in a sinilar fashion, and both ship and air transects
were included in the data base. The sanpling effort by season is given in Figures
10-13.
Anal ysi s

Average bird densities within 30" latitude by 60" |ongitude bl ocks for the
eastern Bering Sea were cal culated by season for individual species, all birds,
and all birds on the water (see Appendix 4 for species groups). These figures
show t he seasonal pattern of species distribution and abundance, but do not
reflect the great variability in bird densities. The frequency distribution
of bird densities within each 30" latitude by 60" |ongitude bl ock was cal cul ated
for all seasons conbined. These plots indicate how often bird densities of > 50,
100, 500 and 1000 birds/km2 wer e encount er ed.

To incorporate variability, a coefficient of variation (standard deviation/ nean)

was al so cal cul ated for each block. Blocks having a high mean (high rate of
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encounter) and a low coefficient of variation (a reliably high rate of encounter)
were identified as high risk areas (see Hunt et al. 1982 for a nore conplete

di scussion of the use of coefficients of variation). This method uses subjective
cut-of f wvalues to separate highandlow neans and high and | ow coefficients

of variation. These cut-off values were selected on the basis of arbitrary

consi derations and nust be evaluated on those terms. Also, at this time we have
no reliable nethod to mathenatically describe the true overall distribution of
the bird popul ation; only nodest confidence can be placed on the stability of
means for small areas and thus, al so on the coefficients of variation.

To reduce the statistical problenms caused by local patchiness of seabird
distributions, we categorized the data into mutually exclusive density categories
and | ooked at the frequencies of transects in the different categories. This
met hod greatly nininizes the nunber and strength of the assunptions required
for analysis and allows the application of relatively sinple discrete probability
model s to the problemof estimating the likelihood of encountering |arge nunbers
of birds (see Appendix 1). Confidence limts for the proportions observed in
each category were conputed for the both the case where no assunptions were
made about the distribution of birds (nonparametric) and for the norna
approxi mati on. The confidence interval is the observed encounter rate + the
error rate (d), where

a =0.95 and

d = 1 or 1.9 for the normal
approxi mate ion

2[N(1-0.95)] *° &N

These arethe sameformulas used in Hunt et al. 1982 and in Eppley et al. 1982
to calculate error rates. However, a typographical error occurred in both these
works for the nonparametric formula, giving it as:

1 S S

N(1- a)]°5 i nstead of
2 2[N(1- a)]*?
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In order to provide areas within which sampling effort was sufficient to
provi de meani ngful frequency distributions and for which there would be a biol ogical
rationale for the boundaries, we divided the Navarin Basin and adjacent waters
into zones (Figure 1, p. 2). The zones are drawn to represent different water
masses: coastal, mddle shelf, outer shelf and the deep waters off the shelf.

Two ot her zones were constructed around St. Lawence and St. Matthew | sl ands,
extending 60 km around each island. W used 60 km as an approximtion of the
foraging range of nost breeding birds, as we had previously found to be the
case at for a simlar suite of species at the Pribilof Islands (Hunt et al.
1981a). Only RUB3 cruises were included in this analysis. Ship-follow ng birds
were excluded fromthis analysis, as were transects shorter than 10 ninutes

or with visibility Iess than 300 m

The anal ysis of bird distribution by zone provided information on the average
densities of species using each habitat by season as well as information on the
frequency distribution of bird densities. W used density categories of: O 5,

5.1-15, 15.130, 30.1-75, 75.1-250 and >250 birds/km?).

RESULTS

Patterns of bird use of the Navarin Basin

The Navarin Basin is one of several areas of noderately high bird density
within the eastern Bering Sea (Figures 2-4, pp. 5-7). In the spring, the nmiddle
and outer shelf regions of the Navarin Basin supported bird densities of about 40
birds/kn? (Table 1, p. 3). The npst abundant birds were aukl ets and murres, I n
the sumer, birds were concentrated near breeding colonies resulting in high
average densities: 193 birds/kn® around St. Matthew Island and 343 birds/kn

around St. Lawrence |sland. Murres were the nobst nunerous birds around St. Matthew
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| sl and, while auklets were the predoninant species at St. Lawence Island. In

the fall, the highest bird densities (about 20 bitds/kmz) were found in outer

shel f waters (mostly auklets) and in deep waters off the shelf (nostly shearwaters).
Surface foraging seabirds were nore abundant in outer shelf waters, while

there was little difference in the abundance of diving seabirds anmong water

masses (Table 2). Particular species were nore abundant in outer shelf waters:

Northern Fulmar, stormpetrels, shearwaters and phalaropes (spring and summer

only); while others were associated with mddle shelf waters: Crested Auklet,

Common Murre (Uris_aalge), Bl ack-1egged Kittiwake, Thick-billed Murre (spring

only).

Several species werefound in the Navarin Basinin densities ashigh or hi gher
than in other censused regions of the Bering Sea. These species were: stormpetrels
(Figure 30, p. 64), phalaropes (Figure 42, p. 75), Black-legged Kittiwakes (Figure
50, p. 84), Thick-billed Mirres (Figure 66, p. 100), small aleids (Figure 70,

p. 104) and Least Auklets (Figure 78, p. 112) during the spring; phalaropes (Figure
43, p. 77) during the sumer; and murres (Figure 60, r. 94) during the fall.

In addition, murres in the spring (Figure 58, p. 92), stormpetrels in the sumrer
(Figure 31, p. 65), and shearwaters (Figure 28, p. 62) and Least Auklets (Figure
80, p. 114) 1im the fall occurred in high densities in the Navarin Basin, although
these densities were not the highest for these species in the Bering Sea.

Risk assessnent

In previous reports (Hunt et al., 1982, Eppley et al. 1982) we have used
a base level of 30 birds/km? encountered in > 50% of the transects to identify
i mportant areas for birds. The frequency distribution of densities for each

zone in the central Bering shelf region are given for spring, sumer and fall

in Tables 3-5. High frequencies of counts with densities > 30 birds/km2 Wer e

relatively scarce in spring and especially fall. Mre than half of the transects
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Tabl e 2.

in outer shelf and middle shelf waters of the central

Mean densities (birds/kmz) of surface and sub-surface foragi ng seabirds

Bering Sea shelf.

SPRI NG SUMVER AUTUW
SUB- SURFACE FORAGERS: Quter shelf 25. 28 16. 54 15. 29
alcids, shearwaters
M ddl e shelf 36.16 15.11 8.08

SURFACE FORAGERS: Quter shelf 12. 07 79. 06 1.52
kittiwakes, fulmars,
phalaropes, storm M ddl e shel f 5.78 3.08 2.38
petrels
Table 3. Spring frequency distribution of bird densities (birds/kmz) by zone
(percent of transects) for the central Bering Sea shelf.
ZONE N DENSITY CATEGORY

(0} 0.1- 501_ 15.1— 30.1— 75 1' >250

5.0 15.0 30.0 75.0 250. 0

Coast al 0
M ddl e 113 0 5.3 28.3 21.2 31.9 12. 4 0.9
Shel f
Qut er 168 0.6 11.9 36.3 28.6 15.5 5.4 1.8
Shel f
Deep 146 6.8 47.3 39.0 6.8 0 0 0
St. 10 0 10.0 40.0 40.0 10.0 0 0
Mat t hew
St. )
Law ence
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Table 4. Summer frequency distribution of bird densities (birds/knf) by zone
(percent of transects) for the central Bering Sea shelf.
ZONE N DENSITY CATEGORY

0 0.1- s.1- 15.1- 30.1- 75,1- >250

5.0 15.0 30.0 75.0 250.0

Coastal 36 2.8 0 8.3 16.7 41.7 27. 8 2.8
M ddl e 291 2.4 25. 4 34.7 22.0 12. 4 2.7 0.3
Shel f
Qut er 223 2.7 13.9 24.7 18.4 18.8 11.2 10.3
Shel f
Deep 140 15.7 41.4 14.3 6.4 15.0 5.7 1.4
St. 67 0 0 3.0 14.9 26.9 32.8 22. 4
Mat t hew
St* 113 3.5 10.6 8.0 8.0 15.9 27. 4 26.5
Lawr ence
Tabl e 5. Autum frequency distribution of bird densities (birds/km) by zone
(percent of transects) for the central Bering Sea shelf.
ZONE N DENSI TY CATEGORY

0 0.1- 5.1- 15.1- 30.1- 75. 1- >250

5.0 15.0 30.0 75.0 250.0

Coastal 76 22.4 63.2 11.8 1.3 1.3 0 0
M ddl e 223 1.3 31. 4 43.0 17.5 5.8 0.9 0
Shel f
Qut er 137 2.2 23.4 46.7 18.2 5*1 2.9 1.5
Shel f
Deep 57 3.5 28.1 49.1 8.8 7.0 0 3.5
St. 74 10.8 45.9 33.8 6.8 2.7 0 0
Mat t hew
St. 0
Law ence
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i n the coastal zone (72%) and the areas ar ound St. Matthew (82% and St. Law ence
(70% Islands had bird densities 5 30 birds/kn? duri ng the sumer. For conparison,
in the southeastern Bering Sea, bird densities > 30 birds/kn® were encount ered
in the sunmmer in nore than half of the transects around the Pribilof |slands
and Cape Newenham, both sites of large bird colonies, and in Unimak pass. As
in the southeastern Bering Sea, inportant areas for birds in the central Bering
Sea are the areas around col onies and the coastal zone.

To refine this classification of areas in which spilled oil would pose a
high risk for birds, we analyzed the Navarin |lease-sale area in 30" |atitude
by 60’ longitude blocks in terns of nean densities and variability using coefficients
of variation. Figures 14-16 classify blocks as having high ( >75 birds/kmz) or
| ow densities, and whether these densities were consistent (CV< 2.0) or were
highly variable. Consistently high densities were found associated with the
shel f break front during spring, sumer and fall; the 100 m front in the spring
and with St. Matthew Island in the summer. The high densities associated with
the fronts were |ocalized along portions of the fronts and were spatially variable.
O her areas of the Navarin Basin which received sanpling generally showed consistently
| ow densities, although much of the Basin has yet to be adequately sanpl ed

Averagi ng over all seasons, bird densities » 500 birds/km2 were rarely

encountered in the central Bering Sea shelf (Figures 7 and 8, pp. 11-12). The
encounter rates were highest near St. Matthew and St. Lawence |slands and at
the shelf break in the northwest corner of the Navarin | ease sale area (Figures
7 and 8). At St. Matthew Island, 5% of the transects contained bird densities
> 500 birds/kmz, while at St. Lawrence Island and at the shelf break 10-25%
of the transects contained high bird densities (Figure 8).

The likelihood of encountering high densities during a particular season

may be nuch greater than figures 5-8, averaged over a year, indicate. W therefore
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EVALUATION OF ENCOUNTER RISK
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Fi gure 16. Eval uation of encounter risk for birds in the Navarin Basi n:
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€68

Tabl e 6.
by season,

SPRI NG

SUMVER :

AUTUMN :

The occurrence of bird densities greater than 250 birds/kn® on the central Beri ng Sea shel f
zone and species, based on ru83 data only. Confidence intervals (95% are given.

m ddl e shelf

all 0.9%

smal | aleids 0. 9%
(Least Auklets 0.9%
+ 9%

outer shelf

all 1.8%

smal | alcids 1.2%
(Least Auklets 1.2%

stormpetrels 0.5%

+ 8%

m ddl e shel f outer shelf St. Matthew

all 0.3% all 10.3% all 22.4%

murres 0. 3% stormpetrels 5.4% murres 16. 4%

+ 6% phalaropes 3. 1% smal | alcids 4.5%
shearwaters 1.3% (Least Auklets 3.0%
Nort hern Fulmars 0.4% Nort hern Fulmars 1.5%
+ 7% + 12%

deep outer shelf

all 3.5% all 1.5%

shearwaters 3.5% + 8%

+ 13%

St. Law ence deep
all 26.5% all 1.4%
smal | aleids 17. 7% + 8%

(Least Auklets 12.4% -
murres 6. 2%

(Crested Auklets 3.5%

Bl ack- | egged Kittiwakes 1. 8%
+ 9%



used a subset of the data used in figures 5-8 (RU83 data) to exanine the occurrence
of transects with high bird densities within the central Bering Sea shelf (Figure

1, p. 2) for each zone and season (Table 6). In spring and fall the scarcity of counts
with high densities remained as before. In sumer, at St. Matthew and St. Lawr ence
I'slands, bird densities >250 birds/km® occurred comonly; over 26% of the transects
near St. Lawence Island and 22% of the transects near St. Mtthew Island had

bird densities >250 birds/km®. These data enphasi ze our finding that summer

is the period when high concentrations of birds are nost likely tobe found,

and that the waters near the two large colonies on St.Lawence and St. Matthew
I'slands are particularly inportant. The shelf edge region (outer shelf and deep
water zones) was al so inportant in summer when concentrations of birds were
frequently encountered there. Large nunbers of phalaropes migrate through this
region on their return to breeding areas and it is heavily used by stormpetrels

that may either be from Al eutian Islands colonies, or be non-breeding birds.

DISCUSSION

Estimates of the accuracy of encounter rates

We have used a confidence |level of 95% throughout this report. These data
could be described using different confidence levels. For conparison, we provide
tables giving the required sanple size associated with four different confidence
levels and two different error rates for both the nonparanmetric cal cul ation
(Table 7) and the nornal approximation (Table 8). These tables al so appeared
in Hunt et al. 1982 with a typographical error, which is corrected here

Qur estimtes of the encounter rates for specific bird densities are within
about 10% of the true encounter rates (95% confidence) for nobst zones and seasons
(Tables 9-11). Unfortunately, our error rates are much higher for the zones

around St. Matthew and St. Lawrence Islands in spring, when Divoky's (1981)

findings suggest that areas near colonies may harbor large bird concentrations.
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Table 7. Sanple size (N) required for a given confidence level ( a) and error
rate (d).

N=.25d (1- a)

d 1 .25
a
.99 2500 400
.95 500 80
.90 250 40
.75 100 16

Table 8. Sanple size (N) required for a given confidence level ( a) and error
rate (d), with the normal approximation (k is the z score associated with a
given a level).

N = .25 (k/d)2

d
.05 .10 .25
a k
.99 665 166 27 2.58
.95 384 96 15 1. 96
0 90 272 68 11 1.65
.15 135 34 5 1.16
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Table 9. Springerrorrates (d) for zones in the central Bering Sea shelf, . - 0.95.

d - 1 , nonparametric calculation; d* = 1196%°nor mal appr oxi mati on
2N (1= a)] "> ; NN
M DDLE QUTER ST. ST.
COAST AL SHELF SHELF DEEP MATT HEW  LAWREN CE

Sample size 0 113 168 146 10 0
(N)
Error rate
(d) 21.0% 17.3% 18.5%  70.7%
(d*) 9.2% 7.6% 8.1% 31.0%

Table 10. Sunmer error rates (d) for zones in the central Bering Sea shelf, a.-0.95.

d - 1 , nonparametric cal culation; d* = 1.96° normal approximation
2N(1- a)]* |
M DDLE OUTER ST. ST.
COASTAL SHELF SHELF DEEP MATTHEW LAWRENCE
Sanpl e size 36 291 223 140 67 113
(N
Error rate
(d) 37 .3% 13. 1% 15 .0% 18.9% 27. 3% 21 . 0%
(d*) 16.3% 5. 7% 6. 6% 8.3% 12.0% 9. 2%

Table 11. Autumm error rates (d) for zones in the central Bering Sea shelf, .-0.95.

d - 1 , nonmparametric cal cul ation; d* = 1.96° normal approxination
2N (1= )] *? |
M DDLE QUTER ST, ST.
COASTAL SHELF SHELF DEEP MATTHEW LAWRFN CE
Sampl e size 76 223 137 57 74 0
Q)
Error rate
(d) 25. 6% 15. 0% 19.1%  29. 6% 26. 0%
(d*) 11. 2% 6.6% 8.4% 13 0% 11. 4%
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Further sanpling around these islands in winter and spring could be useful

but would require an icebreaker. W already know that high bird densities may
be expected around the colonies, at the shelf break and at the 100 m front

and that encounter rates for high densities are greatest in spring and sumrer.
Further sanpling is unlikely to provide major new insights about the |ocations
of bird concentrations in the Navarin Basin for spring, summer and fall. While
much of the Wavarin Basin has not received sanmpling (Figures 10-13, pp. 20-23),
consistently low counts were found in nDSt censused areas (Figures 14-16, pp.
30-32) . Although surveys are still needed for winter and spring, effort should
now be focused on protecting the critical areas around the col onies and perhaps
also the shelf break region. The areas around the colonies are particularly

i nportant because they harbor large concentrations of breeding birds of species
whi ch are suspectible to oiling. The devel opnent of a staging area on St. Matthew
Island is of great concern, not only because of the direct disturbance of the
col ony, but also because of the likelihood that the foraging areas around the
colony used by breeding birds will be affected by chronic, |owlevel pollution
due to increased ship traffic.

In contrast to the southeastern Bering Sea, where alnost all high density
counts of birds away fromthe Pribilof |Islands were due to non-breeding, mgrant
shearwaters (Table 12), many species of locally breeding birds were found in high
densities on the central Bering Sea shelf (Table 6). In both the central and
sout heastern Bering Sea shelf, we found [ arge concentrations of vul nerable species
close to colonies (Table 6 and 12). These were diving species which are likely
to beconme oiled (King and Sanger 1979). In pelagic waters, high bird densities
in the southeastern Bering Sea involved | ess vul nerabl e popul ations, either
non- breedi ng birds (shearwaters) or species whose foragi ng nethod reduces their
probability of beconing oiled (aerial foragers: stormpetrels, fulmars) (King
and Sanger 1979). On the central Bering Sea shelf, high pelagic bird densities

i nvol ve speci es which are vul nerabl e because 1) they are breeding (small auklets,
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Tabl e 12. The occurrence of bird densities greater

season, zone and species.

SPRING:

SUWER :

AUTUMY :

Al aska Peni nsul a

Confi dence

Unimak

all 5%
shearwaters 4.2%
+ 9%

coast al

all 16.1%
shearwaters 15.2%
+ 9%

Cape Newenham

all 30. 4%
shearwaters 30. 4%
+ 47%

Unimak
all 30%
+ 71%

all 2.3%
shearwaters 2.3%
+ 34%

Alaska Peninsul a
coast al

all 6.3%

shearwaters 6.3%

+ 9%

m ddl e shel f
all 2. 5%

shearwaters 2.5%
+ 4%

outer shelf

all 0.9%
shearwaters 0. 9%
i- 4%

than 250 birds/ knf*
intervals (95% are given.

in the southeastern Bering Sea by

Pribilof | sl ands*

all 10.3%

murres 7. 5%

Bl ack-1 egged Kittiwakes 1. 8%

smal | alecids 0, 9%
+ 7%
Alaska Peninsul a
of f shore Pribilof | sl ands*
all 5.8% all 28.1%
shearwaters 5.8% murres 12.3%
+ 8% smal | alecids 1.8%
stormpetrels 0.7%
shearwaters 0.6%
outer shelf Bl ack- legged Kittiwakes 0.4%
all 3. 1% Red- | egged Kittiwakes 0. 4%
Nort hern Fulmar 1.6% + 3%

shearwaters 0.9%

middle shel f stormpetrels 0.1% Unimak

all 2.5% + 4% all 7.4%
shearwaters 2.5% shearwaters 6.2%
+ 4% + 11%

middie shel f outer shelf Pribilof | sl ands*

all 2.4% all 2. 7% all 3.3%

+ 9% + 11% + 7%

* Pribilof Islands, densities > 100 birds/km?



kittiwakes, murres, fulmars), or 2) their foraging nethod makes them likely
to become oiled (small auklets, phalaropes), or 3) because a |arge proportion

of the world s population of the species is concentrated in the region, as may

be the case with the Aethia auklets and the Red Phalarope during their spring

m gration.
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APPENDIX 1

Derivation of statistical analysis of density categories

J. Kaiwi
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APPENDIX 1

Density estimates derived from transect samples can be categorized
into c disjoint intervals with the following assumptions:
(1) Each sample is considered to be an independent Bernoulli trial.

(2) For each i, i =1,...,C, LB is the probability that the
sample statistic (in this case the mean) will fall within
interval i and therefore belong to category i. For

categories 1,...,C;

(3) The number of transects (samples) belonging to category i is

the number of successes S associated with the category;

N=Sl+52+ouo+sc

(4) The probability of obtaining a particular set of successes is

given by the multinomial model as follows:

m(S, .S S 3 M. T m) N ‘ sl "2 S
10900 ¢ 2% T10fps she (E’S 2’.“’59 'ﬂ’l 1;2 ... “CC
N N!
where =
I [13
(Sl’sz,...,sc) Sl!sz! e SCI

(5) If the number of categories is reduced by combining two or more

of the original set then, for example,
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S

N “1_°2 _.73
™ m ki
(1,32’3) 1 2 3

m(Sl s 52 N 5‘3':"1"l 2_’; 3

where Ss

w
1]
=
[}
—
w
—
+
w

and Mg =g % My + ... ¢ T o«
(6) If only one category is of interest then the multinominal model

givenin (4) reduces to the Binomial model so that:

)N"S.i
1

S
b(Si; N’“i) IG)ﬂi &1 - 7.
i

The practical application of statements (1) through (6) requires

estimations of the probabilities Tiseee,T This entails the

c*
derivation of a formula which provides, for any given confidence level
and interval, a lower bound on the required sample size. This formula,
for any given sample size and confidence level, &lso yields an upper
bound on the associated confidence interval. The derivation is
straight-forward and requires only Chebyshev’s Inequality and the weak
law of large numbers. The version of the former used here can be stated
as follows: at least 1 - 1/h2 of the probability associated with any
random variable will lie within h standard deviations of the mean. In
particular,

® Pr(lx - u| <ho) > 1 -2
h
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which is read as: the probability that the absolute value of the
difference between a random variable and its mean is less than ho is
equal to or greater than 1 = 1/h2. The Chebyshev Inequality holds for
any distr‘ibu%‘on so long as it has a mean and variance and therefore can
be used to validate Khintchine's Theorem for the weak law of large
numbers, described next.

Given a random sample of n observations taken from a population with
mean u and variance u*, the expectation of the sample mean X is
02/N. This last statement implies that as n gets large the variance of
the sample mean approaches zero which is the significant implication of

the law of large numbers. That is, for any d > 0,

(B) Pr(l?-u[<d)+1 as N+ e

To show this analytically, Chebyshev's Inequality can be written as

l:—-

(c) Prifx -u] <d)>1-=

~

h

ajo.

where d=ho and h =

- 2 2
Consequently, if we substitute x for x and o /N for ¢, the

result is Khintchine's theorem:

Pr(l?-ul<d)?_1-(—d—)z=1-—

Y O'ZIN

Since o? and d*° are fixed, as N+ =, 02/Nd2-* 0 giving (B).
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The equation relating sample size to confidence level and confidence
interval can nowbe derived using the Bernoulli model and statements (A)
through (C). In this model, each transect is considered to be one of N
independent Bernoulli trials with population probability T
associated with category i. If S is the number of transects in
cateogry i1 (i.e., the number of successes) then the sample mean is

S/N and

Pr(1~— sl < 05-» 1 as N+=

This 1s the Bernoulli law of large numbers, first published in 1713. In
words, as N gets large the proportion of successes in the sample will
get arbitrarily close to the population proportion Ty The question
is, how large must N be for S/N to be a *““good” estimate of m;? To
answer this we wish toestimate the size of N such that the observed
frequency of success in the sample will be within a specific distance d
of 7. at a given high level of probability u. Formally, we wish to

3
find an integer N such that

Pr(l-,sq—-nilid)?_a for all =, in 0<mi<1l .

To find a lower bound on N, note that from (C)

2
u=l—-c—.

Nd 2 e

and from the Bernoulli model the variance of S/N is 'n'_i(l - 'n_i) / N.
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Furthermore,

_ 2
ni(l - “i) =T, -,
21 1 2
‘I‘(K'“i”’i)
_ 1 1 2
1T (? - "1)
SO ni(l'ni)is maximum at w, = 1/2. Therefore
S 1
D Pr(l—-'n.]<d)>1-—
® L AT
2
since z— =7;(1 - )N -5%W
The relation in (D) is satisfied if
N>_21—
“4d°(1 - @)

The estimates given above for sample sizes required for particular
values of @ and d can be improved if S IS the sum of a large number
of independent trials (usually greater than 30). If this is true then
the Central Limit Theorem holds approximately and S/N can be assumed to

be nearly normal. In this case, the error

T “%/N
m.(1 - 7m,)
k‘\/_'(l —
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and N>7(l-m) (%)2 .

Once again (1l - 7) is a maximum at ™ = 1/2. Therefore

1 (k)2
Niz(a)
and also,
=K
m
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APPENDIX 2

Distribution maps for individual species in the Bering Sea
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Summary plots for bird distribution in the Bering Sea
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UCI501
UC1601
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ucis0z
uc1so03
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ucI1808
UC1580
UC1480
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ucIiisl
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uc1182
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TR4179
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TR4185
TR6852
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196
196
196
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DATA SETS FOR HUNT PRODUCTS
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0522 1
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0531 0
05320
0532 5
1615 0
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3607 4
3607 6
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3A1676
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TR3251
TR3252
TR3253
TR3254
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TR3256
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TR3479
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TR2356

PROBES

REQUESTED
AREA



606

196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196
196

DATA SETS FOR HUNT PRODUCTS
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2A2676
2A1776
2A3676
2A5676
2A6676
2A7676
2A3776
2AAT76
2A1876
2A2876
2A1976
2A2976
2A3976
2A4976
2A1A76
2A1B76
2PD976
2WR976
30K676
2PD676
21C676
2CL676
2WR676
3PP776
2CB776
3CR776
3BR776
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2BW776
3BB776
2UP776
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2PD776
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30K976

29 DEC 1983
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NUMBER

TR2357
TR2358
TR2359
TR2360
TR2361
TR2362
TR2363
TR2364
TR2365
TR2366
TR2367
TR2368
TR2369
TR2370
TR2371
TR2372
TR2373
TR2738
TR2739
TR2740
TR2741
TR2742
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TR2750
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26L976
201976
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2B1776
2GL875
3AL876
3C0776
3C0676
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36L877
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WD60SI
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TR2843
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TR2846
TR2916
TR2917
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FW7051
FW7052
FW7053
FW7054
FW8006
FW8007
FW8008
FW8012
FW8014
FW8015
FWg016
FW8017
FW8018
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FW8027
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FW9001
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FW7033
FW7028
FW7031
FW7034
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DATA SEiSrOR™HUNT PRODUCTS

FILE
ID

FW7035
FW7036
FW7042
FW7045
FW7046
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FW5014
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FW6015
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DATA SETS FOR HUNT PRODUCTS

FW5020
FW5022
FW5026
FW5033
FW5035
FW5036
FW5037
FW5038
FW6006
FW6009
FW6012
FW6021
FW6057
FWe067
FW6068
FW6070
FWe074
FWe082
FW6084
FW6087
FW6089
FW5003
FW5006
FW5025
FW5029
FW5031
FW6002
FW6004
FW6005
FW6010
Fw6007
FW6008
FW6011
FW6013
FW6014
FW6016
FW6018
FW6019

29DEC 1983

TRACK
NUMBER

TR3638
TR3639
TR3640
TR3641
TR3642
TR3643
TR3644
TR3645
TR3804
TR3805
TR3806
TR3807
TR3808
TR3809
TR3810
TR3811
TR3812
TR3813
TR3814
TR3815
TR3816
TR3842
TR3843
TR3844
TR3845
TR3846
TR3847
TR3848
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TR3851
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TR3854
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29 DEC 1983
FILE TRACK

ID NUMBER
FWe027 TR3859
FW6050 TR3860
FW6051 TR3861
FW6052 TR3862
FWe064 TR3863
FW6077 TR3864
FW6078 TR3865
FWe083 TR3866
FW6092 TR3867
FW6094 TR3868
FW6095 TR3869
Fw400l TR6497
FW9002 TR6498
FW6400 TR7397
FW8019 TR7398
Fw8023 TR7399
FW8024 TR7400
FW8026 TR7401
FW8029 TR7402
FW8032 TR7403
EC1978 TR7914
AERSR1 TR4318
AERSR2 TR4319
AERSR3 TR4320
AERSR4 TR4321
AERSRS TR4322
AERSR6 TR4323
AERSR7 TR4324
AER801 TR5395
AER802 TR5396
AER803 TR5397
AER804 TR5398
AER805 TR5399
AER806 TR5400
AER807 TR5401
AER808 TR5402
AER809 TR5403
AER810 TR5404

PROBES

REQUESTED
AREA



G1¢

Small and UnidentifiedAlcids

881010000000
881010060000-881010119999
912901000000
912901060000-912901119999

Crested Auklets

881010110100-881010110199
912901110100-912901110199

Least Auklets

881010110200-881010110299
912901110200-912901110299

Parakeet Auklets

881010100100-881010100199
912901100100-912901100199

Cormorants

880404000000-880404999999
911004000000- 911004999999

Eiders

880601170000- 880601179999
911201170000- 911201179999

Northern Fulmars

880302020100-880302020199
910902020100- 910902020199

Gulls except Kittiwakes

881008000000-881008029999
881008040000-881008059999
912802000000-912802029999
912802040000-912802059999

FT033,

SPECIES LIST FOR HUNT PRODUCTS

Bering Sea

Marine 8ird Sightings, Ship/Aircraft

Black-legged Kittiwakes

881008030000-881008030199
912802030000-912802030199

Red-legged Kittiwakes

881008030200-881008030299
912802030200-912802030299

Common Murres

881010030100-881010030199
912901030100- 912901030199

Murres

881010030000-881010039999
912901030000-912901039999

Thick-billed Murres

881010030200- 881010030299
912901030200- 912901030299

Storm Petrels:

Unidentified Storm Petrels and Fork-tailed Storm Petrels

880303000000-880303020199
910903000000-910903020199

Phalaropes

881006000000-881006999999
912707000000-912707999999

Horned Puffins

881010130200-881010130299
912901130200-912901130299

Tufted Puffins

881010140100-881010140199
912901140100-912901140199

Shearwaters:

Unidentified Shearwaters, Sooty Shearwaters,
and Short-tailed Shearwaters

880302040000
880302040700-880302040899

910902040000
910902040700- 910902040899

Waterfowl

880600000000-880699999999
911200000000-911299999999



APPENDI X 5

Mean, standard deviation and frequency of densities for selected species

in the central Bering Sea shelf by zone
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Platform type code? 1

Number of tares: 1

Tare number 1 assismedte unit: 16 Files skirped before reading: O Number of files searched: &
Number «f cruises accepted: &
Crui ses accepted: UC 11s2 uc 12z2 ucise2z ucr4g2 ucISsz ucIeee
Nurmber of tax code sets: 12
Number of tax codes for each set: 1 tt1 1 2 1 1 1 1 1 1 4
Species mnemonics and codes:
ALL at G 91000CI00C10
e
NOFU  Wolkiern By 7109020201
[¢]
SHER  “htsvwikes 9109020400
&
STPE  Shwopednde 109030000
4
BLK| w % 9125020300 912.3020301
Wik 0 0

‘ H A L W,?% 912707000?‘

LEAU lowt felitt 9129011102
0
MURR  Wares 9129010300
2
CRAU Ol MU 0129011101
0
COMU -- 9129010301
0
TEMy Skt N 9125010302
0
smMaL b aleid, 9129010000 9129011001 9129011101 9129011102
0 0 0 0
Number of seasons: 3
Season mnemonics and months:
“SPRING 3 4 5
SUMMER 6 7 8
AUTUMN 9 10 1
Zone files accepted:
NESCO. ZON &3.  63. 58. se. S%.  60. 62.
Lsstlnd 32. 0. 0. 0. 27. s7. 22.
167. 165. 165. 167. 16%. 170. 148.
a38. 0. 0. 20. 52. 27. 10.
NESMI. ZON &0. 59. 5a. 58. S9. 60 61 62. 63. 62.
Widdlp Fhnell 57. 27. 0. 0. 42, 1% 22 12. Iz, zz.
170. 169. 167. 171. 173. 176. 177. 176. 173. 16%.
27. 53, 20. 30. 43, 45, 2. 42. 4. 10.
NBSSL . ZON 58, 5s . 59. 59, 0 . 60. &2. 64 64. 63 62. 61, &0, 59.
Ouky Shelf- 0. 0. 0, 39. 10. 47. 10. 0. 14. 32, 12z, 22. 1g. 42.
171, 174, 177, 17s.  177.  i80.  120.  177. 172, 173. 17&. 177. 174, 173.
30. 43. 25. 57. 0. 0. 20. 2. 4, 42, 2. 45, 43,
STMOOK. ZON 61. 61. 60. &0, 59. 59. &0. 60. 61.
12, 2. 52. 25. 59. 46. 15. 49, 9.
173. 172, 171, 171, 171, 172,  174. 174. 173
5. 12. 44, 9. 4g. 45, &. 10. 39
STL&OK.ZON  63. 62. 62. .52, 62..,  63. &3, 64. 64.
St laoweste 32. 2. 23, 40. 44, 6. 32 14, 12.
167. 1&2.  169. 170. 171. 172, 173, 172,  1&%.
32, 10,  z8. 45 47. 49, 4. 28. 56.
NESDP. ZON 60. &0, 50. 5%. 53. 53.
Woke, 47. 10. 39. 0. 0. o.
Dep 180, 177. 178. 177 174, 1s0.
0. S7. 25. 4z, 0. 0.
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Month:

HMonths:
Months:
Months

1

30 Mon th:
108 Month:

171
27%

O  Zone:
O Zone:
Zone:
Zone:
Zones
O Zome:

o
0
V]

O Longitude:
O Lonoitude:
O tonsitude:
O Lonsitude:
O Longitude:
O Longitude:

10 Latitude:
21 Latitude:
4 Latitude:
21 Latitude:
10 Latitude:
3 Latitude:

1
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aths

O Lensths
O Lensth
O Lensth
O Lensth:
O Lengsth:

O Len

0 Platform:
0 Platform:
Platform:
0 P1 at forms
Platform:
0 Platform:

0
o

file
readins
HWidth:
e
width:

Cruise UCI422reading
Width:

Width:
Wwidth:
Width:

file

on
on

list
Iiszt
list
list
list
list

written on file
written on file

Cruise UCIiSZ reading
Cruise UCI3BZ read ine
Records writtemon f i
Cruise UCISS82 readins
Cryise UCIF999 readins
Records written on file

Records written
Cruise UCI28:
Records written

ReJjection
Redjection
Records

Rejection
Redection
Rejection
Records

Redecti on
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ALL

NOFU SHER STPE BLK | PHAL LEAU MURR CRAU LOoMU TEMU SMAL
NESCO. ZON + + + + + + + + + + + + +
SFR I NG + + + + + + + + + + + +
XEB all 0.00 | Q.00 1§ 0.00 | Q.00 | 0.00 i 0.00 } 0.00 ¢ 0.00 ¢ 0,00 | 0,00 | 0,00 | 0.00 %
sh oall 0.00 i 0.00 1 0.00 : 0.00 i 0.00 0.00 0.00 0.00 0.00 1§ 0.00 0.00 1} 0.00 ¢
XB water 0,00 } 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢ 0.00 1§
SD water 0.00 Q.00 ¢ 0.00 ¢ 0.00 0. 00 0.00 0.00 0.00 0.00 0.00 0.00 1} 0.00 i
N 0. 0. 0. i 0. 0. O, 0. 0. 0. 0. 0. o ¢
Empty 0.000 | 0. 000 | 0.000 ¢ Q000 0. 000 0, 000 Q. 000 0.003 Q.000 0.000 0.000 & 0.000 1}
0-5 0.000 0.000 1} 0.000 ¢ 0.000 0. 000 0,000 0. 000 0. 000 0, 000 0.000 0.000 ¢ 0.000 |
S-15 0.000 0,000 | 0.000 ¢ 0.000 0,000 0.000 0.000 0.000 0.000 0. OO0 0,000 | 0.000 !
15~320 0. 000 O.000 ! Q. 000 4 0. QOO 0.000 C.000 0.000 ¢ 0.000 @ 0.000 | 0.000 0.000 | 0.000
20-79 0.000 i 0,000 i 0.000 | Q. 000 3 Q. 000 |} 0.000 0.000 ¢ O, 000 0% 000 | 0.000 0.000 1} 0.000 |
75-250 4 0,000 } 0.000 0.000 % 0.000 } 0.000 ¢ 0.000 0.000 ¢ 0.000 | 0.000 ¢ 0.000 % 0.000 % 0.000 ¢
250~ 0.000 0, 000 0.000 0. V00 4§ 0.000 ¢ 0.000 § 0©.000 0.000 & . 000 ¢ 0.000 % 0.000 i 0.000 %
—— “+ + + + + + + -+ + 4 + +
SUMMER + + + + ———— + + + +
XEB all 75.18 Q.68 0. 146 0.00 ¢ 14.48 0.00 0.00 39.36 | 10.3S | 2.38 1 1.48 10.58
SD all .48.90 1.54 0.94 0.00 16.64 4 0.00 ! 0. 00 432.98 | 28.86 1 5.50 ! 3.18 | 28.78
XB water | 16.32 0.07 0.00 0.00 1 5.42 | 0.00 | 0.00 7.71 & 1.62 | 1.35 ¢ 0.73 1 1.78
5D water 22.4.5 0.45 0.00 0.00 1S.52 0.00 i 0. 00 9.50 ! 7.72 1% 3.30 1 2.24 ! 7.72
N 26. 3é. 3b. 3.5. 1 36. 1 34. LT 34. 1 36, 36 34, 36,
Empt-y 0. 028 0. 806 0.972 1. 000 3 0,194 | 1.000 ¢ 1.000 0,033 | 0.722 4 0.6%4 3 0.750 t 0. 639
0-5 ' 0.000 0. 139 0.000 0.000 i 0.083 ) 0.000 | 0. 000 0.056 | 0,056 | 0,167 4 0.111 0.139
W55 0.083 Q. 056 0.028 0. 000 i 0.389 | 0. 000 0. 000 0.27S ¢ 0,083 | 0.09%8 i 0.139%9 | 0. 083
§ 15-20 0.167 ¢ .000 0. 000 0.000 i 0,167 i 0. 000 ¢ 0. 000 0.139 | 0.028 | 0.056 ; 0. 000 0. 028
20-75 0.417 0, 000 0.000 0.000 0,167 4 0. 000 ¢ 0. 000 0.306 ! 0.056 ! 0. 000 0.000 0. 054
A 75-250 0,273 0. 000 ! 0.000 ; 0.000 ¢ 0.000 3 0. 000 0. 000 0.139 ! 0,056 | 0. 000 1 0.000 0.05.4
g 250- 0.028 | 0. 000 0.000 ! 0.000 : 0.000 1% 0.000 } 0.000 & 0.000 ¢ 0.000 i 0.000 ¢ 0.000 % 0.000 1}
8 AUTUMN S + + + + + + + + + +
X9 ati 3.34 % 0.0.5 ¢ 0.01 ¢ 0.12 % 0.74 1 0.23 | 0.02 | 0.06 0.35 ¢ 0.00 1@ 0.00 0.89 |
sp oall 5.99 ¢ 0.22 i 0.11 ¢ 0.68 | 1,56 1 1.3%4 0.18 | 0.24 1 1.07 0.00 1 0.00 ¢ 1.71 %
XB water , 0,85 0.00 % 0,00 | 0.00 4 0.14 0.05 0.00 0.0.5 1 0.30 : 0.00 1} 0.00 1} 0.48 1§
SD water 2.17 0.00 | 0.00 ! 0.00 i 1.13 ¢ 0.34 1 0.00 i 0.24 1} 0.93 1} 0.00 ¢ 0.00 3 1.07 3
N Tb, 75 1 76, ) 7&. | Y- TR ] 7&6. 1 760 1} 76.. 74. | 76. 75 4 7&.
' , , H ,
Emptwy 0.224 0.934 | 0.987 % 0.947 1} 0.612 | 0.908 i 0.987 | 0.934 1 0.855 | 1. 000 ¢ 1.000 0,484
0-5 0.632 0,064 1 0. 013 ) 0.039 | 0,368 | 0.079 ¢ 0.013 | 0.066 | 0.132 ! 0.000 ! 0.000 ¢ 0.276 i
5-15 0.118 | 0. 000 0. 000 1 0,012 | 0.013 0.013 1} 0.000 ¢ 0.000 & 0.013 i 0.000 ¢ 0.000 i 0.039 ¢
15-20 6,013 } 0.000 ¢ 0.000 @ 0.000 1} . 000 0.000 ! 0.000 ¢ 0.000 ¢ 0.000 0.000 !} 0.000 1} 0,000 }
'3(3-7.5 0,012 | 0. 000 0.000 0.000 & 0.000 0.000 | 0.000 0.000 i 0.000 ¢ 0.000 1} 0.000 } 0.000 ¢
75-250 0.000 i 0.000 1} 0.000 0.000 1§ 0.000 0.000 ¢ 0.000 ¢ 0.000 ! 0.000 ¢ 0.000 ¢ 0.000 0.000 ¢
20— 0.000 ¢ 0.000 | 0.000 ¢ 0,000 0.000 0.000 ! 0.000 ! 0.000 % 0.000 ¢ 0.000 § 0.000 ¢ 0.000 %
+ + + + Tt + + + + + + -——




LIS

MIDDLE SHELF ZoMe

14

ALL NOFU ¢ SHER o STPE 4 BLKI s PHAL % LEAU ¢ MURR , CRAU 4 COMU , TBMU a SMAL 4
NBSMI.ZON + + + + " . + + L + S A .
SFRING + + + + 4 "o + + + + + +
XB all : 43.55 } 2.10 : 0.01 1 0.21 | 3.14 0.32 ! 22.11 13,57 0.1s ! 0.64 ! 7.97 22.52 1
S0 oall 51,16 ¢ 3.15 3 0.03 | 1.57 4 6.63 1 126 ¢ 56.02 1 2425 069 | 1.92 ;13082 56.12 i
XB water } 19.62 ¢ 0.27 | 0.00 ¢ 0.00 | 0.74 % 0.13 4 11.37 ¢ 6.32 0.00 ! 0.24 4.54 11.50 :
Sp water ! 44.82 1.27 % 0.00 ! 0.00 4.14 0..57 | 43.91 ¢ 10.132 0.00 ¢ 1.20 ¢ 9.57 43,89 |
N \ 113. ¢ 113. 113. | 113. ¢ 112, | 113, 113. ¢ 113. 113. ¢ 112, ¢ 113. 113. ¢
[ |
Emptvy , 0.000 ¢! 0.345 ! 0.991 % 0.965 1 0.345 ¢ 0.894 1 0.354 | 0.044 0.8t 0.690 1 o 22 C). 227
0-5 0. 053 0.55% 0,009 ! 0,027 } 0.522 0,088 i 0.159 0.372 0.04L2 0.292 1 0. a7z 0,159
5-15 0,233 | 0.080 | 0. 000 0. 000 0.097 i 0.013 ¢ c). 204 0.319 0. 000 0.018 | . 15% 0. 230
15-20 ! 0.212 ¢ 0.01s : 0.000 0.00% 0.027 0. 000 0.053 | 0. 142 0.000 : 0. Q00 § 0. 044 0.053
30-7s 0.319 : 0. 000 0. 000 ¢ 0. 000 0.009 : 0. 000 : 0. 159 | 0. 115 0. OO0 | 0. 000 0.0 97 0. 159
75-250 ! 0.124 0.000 0.000 0,000 : 0.000 0.000 | 0.062 1 0. 009 Q. 000 4 Q. 000 | 0. 000 0. &2
250- 0.009 0.000 | 0. 000 : 0. 000 Q. 000} 0. 00l 0.,00% 1} 0.000 ! C. 000 | 0, 000 Q. 000 0. VO
+ + + + -+ + + + + o ————— + + —_
SUMMER + + + + + 4 + + + + -+ n + +
XE all ! 12.92 | 1.69 4 0.30 1 Q.50 : 0.7s 4 0.14 : 1.34 % 11.00 ! 0.94 ! 1.05 ¢ 1.32 cIE-11
Shal | ! 30.62 ¢ S.16 | 1.35 3.2 2,16} 1.52 7.(>2 1 24.80 4 2,465 ! 5.47 ! 2,590 | 15,54
XB water ! 3.39 ¢ 0.16 !} 0.00 ! Q.05 0.00 ! 0.02 % 0.25 | 2.80 1} 0.22 1 0,232 ! 0.29 ! Q.64
SD  water 5.51 | 1.18 | 0,06 ! 0.68 !¢ 0.07 0.32 1 1.91 ¢ 2.81 4 1.5%6 4 0 .90 1.05 ! 371
N ‘ 291. 4 291, : 291. 291. 291. 291. ¢ 291. ! 201. & 291. | 291, ! 291, 4 291. !
1 N ‘ i 1
Emptvy 0.024 ! 0.694 | 0, 897 0.935 ¢ 0.732 | 0.9246 0.8466 o.t110 ! 0.918 0.7%0 ¢ 0. 624 ! 0722
0-5 ! 0.254 4 0.227 ¢ 0.093 ! 0.045 : 0.234 ;  0.003 0.065 } 0.368 1 0,055 | 0. 1&851 0.213 ! 0.141 1}
5-15 ¢ 0,347 1 0.048 ! 0,010 1 0,003 !} 0.0Z1 , 0,007 { 0.042 ! 0.213 1 0.017 } 0,03% | 0.0% , 0.082 !
1?—32 P0.220 1 0,024 1 0,000 ! 0.814 f0.003 1 0.003 ! 0.014 ! 0.15-541 ! 0.00%%3: o.cooo3 Y000 b c».omi !
= H ) : i : . ! . ! . ! . : . ! ) ] . H .
soraoe 1 00052t o000 fou000 t l0.006 % T 0000, %00ty 9983 Ty 8:818 f SdE b oleld ¥ 0,600 0.6151%:
250- 10,003 1 0,000 1 0,000 1 0,000 ! 0.000 4 0.000 1 0.000 ! 0.003 1 0.000 1 0,000 ! 0.000 ! 0.000 !
AUTUMN + + + + + D + + + o e e + + -——t
XB all ! 12.00 | 0.47 1} 0.13 1 0.20 !} 0.77 1% 0.94 ! 0.91 1} 3.94 1 1.43 o ! 0. 09 4,01
SD all ! 14.83 ¢ 0.96 1 0.44 } 0.73 ! 2.03 4 2.13 4 2.51 % 6.52 4 &.10 0 ! 0. 44 7.79
XB water } 3.s3 0.05 1 0.00 ! 0.04 0.09 ! 0.29 4 0.27 1.45 % 0.65 o i 0.0% 1,40
SD water ! 6.03 ! 0.37 ¢ 0,00 ! 0.40 ! 0.76 ! 2.80 4 1.04 3.29% 1 1.59 0 ; 0. 44 2.67
N 223. 14 223, 223, ! 223. 4 223. ¢ 223. ! 223, 4 223. % 223, 223 - 4 223, 223
Empty 0.013 ! 0.740 : 0.906 ¢ 0.92% 0.677 ! 0.946 § 0.712 0.345 % 0.726 0. 982 | 0.946 0.291
0-5 0.314 1 0.260 § 0.094 4 0,102 ! 0,287 ! 0.013 ¢ 0.242 1% 0.417 ¢ 0.211 0,018 ; 0. 054 0. 475
5-15 ‘ 0.430 ! 0.000 ! 0.000 ¢ 0.009 } 0.031 0.031 | 0.040 ! 0,188 0.045 0.000 ¢ 0. 000 0.184
15-30 | 0.175 0.000 ¢ 0.000 !} 0.000 ! 0.004 ! 0.004 !} 0.004 ! 0.031 0. QO% 0,000 §}  0.000 0.0.31
20-75 } 0.058 ! 0.000 }  ©.000 | 0.000 1 0.000 !} 0.000 | 0,000 1§ 0.01s ! 0.004 0. 000 ¢ 0.000 0.013
75-250 H 0.009 ! 0.000 : 0.000 ¢! 0.000¢ 0.000 ¢ ©0.004 ; 0.000 0.000 } 0.004 0,000 0. 000 0.004
250- 0.000 ¢ ©.000 : 0.000 4 0,000 } 0.000 ! 0.000 } 0,000 0.000 !} 0. 000 0.000 | 0. 000 0.000
Fomm——————— L R R L TR R TR L R +omman B T, Semmmmme s mmmmmm-- - +
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ouTER. SHELF ZOME

NBSSL., ZON
SFRING
XB all
SD all
XB water
SO water
N

Empty
o-5
5-15
15-20
30~-75
75-250
250—

SUMMER
XB aiil
st oatd
XB water
SO water
N

Empty
0-5
5-15
15-30
30-75
75-250
250—~

AUTUMN

XB all
D all
XB water
SD water
N

Empty
0-5
5-15
15-30
30-75
75-2%0
250-

ALL NOFU SHER STFE BLKI FHAL LEAL MURR CRAU comML TRMEL SMA
+ + + += + + B = + + + ——
38.33 2,48 1.71 ¢ 6.57 1.66 1.16 | 18.352 4.81 | 0.03 ! 0.15 3.20 0 19,76
126.13 ! 4.26 y 17.18 '} 32,85 4.82 . 6,85 | 121.75 6.30 0,16 ! 0.852 1 4.42 ; 121.77 3
5.82 1 0.28 0.00 | 0.02 , 0.20 0.07 .31 1.5¢6 0.01 i 0.06 } 1.01 .38 !
15.97 i.38 0.00 | 0.1% 2.74 0.61 1} 15,69 2.72 0.07 0.33 b 2.05 ¢ 15.69 1
168, ¢ 168. 168, | 168. 168, 168, 1ea, 168, 168, 4 teg, ! 162, 168, |
: : i ) ; : ! ! ! :
0.006 | 0.304 : 0.923 ' 0.780 ; 0.500 ! 0,821 : 0.583 0. 155 0.970 1 0.905 ! L2185 ¢+ o.s18
0.119 1 0.554 ! 0.036 ' 0.107 {  0.440 | 0.137 §  0.149 0.524 0.020 1 0,095+ 0.446 1 0,196 !
0.363 |  0.119 :  0.020 ! 0.012 ! 0.048 ' 0,030 ! 0.1&1 0.274 1 0.000 1 0,000 §  0Q.208 ;0,179 !
0.226 1 0.018 @ 0.006 | 0,042 ! 0.000 ! 0.000 ! 0.04%3 0,026 ' 0,000 1 0,000 | 0,030 ;  0.043
0.155 ¢t €.00&6 @ 0.000 , 0.042 } 0.012 | 0.00& ' 0,024 . 0,012 @ 0.000 ' 0,000 ! 0.000 ; 0.024 !
0.054 ! 0.000 1 0.00& , 0.012 ! 0.000 . 0.006 0.024 1 0.000 ;  ©0.000 1 0,000 i 0.000 ! 0.024 !
0.01& 1 0.000 !  0.000 * 0.006 i 0,000 .\  0.000 0.012 | 0.000 |  ©0.000 ! 0.000 + 0,000 i 0.012
+
+ —_—
Y veuro s.od i .m0 ;7 43.33 | 0.62 1 28.26 ! 0.62 ! TN- T 0.05 ! 0.10 ! 3.89 1 0.50 |
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APPENDI X 6

Prey taken by birds at St. Mtthew Island
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W made two collections of birds at St. Matthew Island to conpare diets
of species between the colonies at St. Matthew Island and the Pribilof |slands.

W collected 25 birds in October 1982 and another 41 birds in July 1983 (Table 15).
W are only able to conpare the July collection with the Pribilof data because of
seasonal shifts in diet and because our Pribilof collections were linmted to the
summer. This conparison must be considered prelimnary due to the small sanple
size for St. Mtthew Island.

Food samples were treated as givenin Hunt et al. (198l1a), with the exception
that we are now able to detect jellyfish both through mcroscopic detection of
nemat ocysts and by visual identification of the dehydrated gelatinous tissue
(Harrison, in press).

During the summer, dietary diversity for birds at St. Matthew Island was either
equal (COMU, TBMJ, LEAU) to that shown by the sane species at the Pribilof |slands,
or was greater (NOFU, BLKI, PAAU) . Wile Common Murres and Least Auklets used the
sane major prey (gadids and Calanus, respectively) at both St. Mtthew and the
Pribilof |slands, the other species we collected used different prey at the two
| ocations. At the Pribilof Islands, fish (primarily gadids) were the major prey
for Northern Fulmars, Bl ack-legged Kittiwakes, Thick-billed Mirres and Parakeet
Auklets. At St. Matthew Island the major prey found in Northern PFulmars was
squi d, in Bl ack- legged Kittiwakes and Parakeet Auklets the major prey was jellyfish
and hyperiid amphipods (nostly Hyperia), and in Thick-billed Murres the ngjor prey

was the amphipod Parathemisto pacifica., Although gadids do not appear to be the

major prey for nmany species at St. Matthew Island, When fish appeared in our
collections they were nostly gadids. |n the summer, the prey which appeared nost
frequently in our collection from St. Matthew Island were jellyfish and hyperiids
(occurring together) and gadids. In the fall collection, squid, gadids and
crustaceans appeared nost frequently. In the fall, dietary diversity of birds

at St. Matthew appeared to be less than during the summer.
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Table 13. Prey (% occurrence) taken by seabirds at St. Matthew |sland, based on
collections in Qctober 1982 (25 birds) and July 1983 (41 birds). NOFU=Northern
Fulmar, BLKI=Black-legged Kittiwake, TBMU=Thick-billed Miurre, LEAU=Least Aukl et,
CRAU=Crested Aukl et, PIGU=Pigeon CQuillenot, HOPU=Horned Puffin, GLGU=Glaucous Gul |,
COMU=Common Murre, PAAU=Parakeet Auklet

N OFU BLKI TBWU LEAU CRAU Pl QU HOPU
N (OCTOBER) 11 4 1 3 2 1 3
Jellyfish 9% 50%
Nereid 9%
Squi d 82%
Unid. Copepod 25% 66%
Parathemisto
pacifica 9% 33%
Uni d. Hyperiid 33%
Unid. Amphipod 33%
Thysanoessa
raschii 33%
Spirontocaris tridens 50% 100%
Unid. Crustacean 27% 33%
Theragra 9% 25% 100%
Unid. Gadi d 100% 33%
Gsneri dae 50% 33%
Unid. Fi sh 27% 25% 100% 33%
NOFU BLKI TBWU LEAU [eKel CcowuJ PAAU
N (JULY) 8 8 5 3 1 8 8
Jellyfish 37% 75% 20% 100% 25% 50%
Ner ei d 12% 25% 25%
Pteropod 12% 25%
Squi d 87%
Unid. Copepod 12% 66% 12%
Par at henmi sto
pacifica 25% 60% 33% 25%
Unid. Hyperiid 50% 87% 20% 100% 12% 50%
Unid. Gammarid 37% 37%
Unid. Amphipod 12%
Unid. Euphausiid 12% 20%
Unid. Decapod 12%
Unid. Crustacean 25% 12% 20% 100% 12%
Unid. Gadid 37% 40% 33% 87%
Unid. Myctophid 127 12% 12%
Unid. Fish 12% 12% 40% 12% 12%
Fork-tailed
Storm petrel 12%
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