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APPENDI X | .
CEOLOG CAL  SETTI NG

(Precis of C. H Nelson, 0. M Hopkins, and D. W Scholl 1974).
Wth Comments on Landforns and the Inplications for
Seabirds and Waterfow .

A CGeol ogi cal History and Topography

The Bering Strait Region is a geographical area of the Continental Shelf
bordered on the north and south by transcurrent faults. These transcurrent
faults reflect the release of energy associated with stresses of novenents of
crustal plates. The faults seemto have played inportant roles in the formation
and destruction of intercontinental |and connections which make this region
i mportant biologically.

Maj or seabird breeding sites are associated with these transcurrent faults
at the edges of the Bering Strait Region. One set of faults runs along the
northern border of the Qulf of Anadyr and along Saint Lawence Island. Another
runs from Glovin north into the center of the Seward Peninsula and westward
to the area around King Island. Another parallels the narrow part of the
Bering Strait and runs along the north shore of the Chukotski Peninsul a.

Anot her runs northwestward from Cape Thonpson/ Cape Lisburne (the Lisburne
Peni nsul a) .

The field of faults runs along a flex in the continental structure which
is concave toward the Arctic Ccean. Reverse flexes, concave to the Pacific
Ccean, occur on both ends of the flex, one in Siberia and one in Al aska.

These flexes seemto result from bending in Siberia relative to North Anerica
as a consequence of rifting in the Arctic and Atlantic Cceans.  Another
consequence of this bending may have been a shift of the subduction zone

fromthe continental margin in the central Bering Sea to the Aleutian Trench.



This evidently happened at the beginning of the Cenozoic, when Eastern Siberia
and the northwest part of North America began to rub against the Pacific Plate.
The Aleutian Basin, south of the Continental Shelf and north of the Al eutian
Islands, is a trace of the abyssal sea floor that existed prior to the neeting
of the Pacific Plate with the North American/Eastern Siberian Plate.

The fundanental processes of nmetanorphosis and mineralization associated
with plate tectonics have been followed by glacial and subaerial weathering,
erosion, and shoreline processes which changed with oscillations in sea |evel.
These have conmbined to produce the deposits of heavy metals for which the
region is well known. Placer and nother—-lode nmines for tin, gold, nercury,
and platinum occur in the Seward Peninsula. Mercury, chromum and copper
are found in beaches on the south shore of the Seward Peninsula in concentrations
hi gh enough to be toxic, but are not high enough for present techniques of
extraction to be econonmically worthwhile.

The location of gold placers at Daniels Creek next to the seabird
cliffs at Bluff synbolizes the inpact of special geological events on biol ogy
and economics, hence contenporary problens. On the one hand, mineralization
followed by frost-riving soil creep and debris transport in spring freshets
has deposited gold-bearing gravels in highly econonical concentrations; these gravels are
associated with Pleistocene beach levels. The nearly vertical sea cliffs
on which the seabirds nest were produced by netanorphosis of sedinmentary
rocks, frost riving and plucking, in combination with underm ning by the

sea and renoval of debris which collapses fromthe rock faces. Qutcrops
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of simlar slightly metanorphosed rocks occur in the friable cliffs at Cape
Denbigh. diffs made of rocks of several stages along the spectrum of
met anor phosi s provide nesting sites for seabirds at Cape Lisburne and Cape
Thorpson.
Vul canism al so results fromthe crustal stresses which produce metanorphosis
and transcurrent faults. Mulcanismis w despread in the Bering Strait and
has been inportant in producing islands and cliffs for the major seabird cities.
Little Diomede, King Island, and Saint Lawence Island were produced by
vol canic activity. For exanmple, the sea cliffs nade of broken l[ava which
flowed north fromthe mountains behind Savoonga provide sites for the thousands
of kittiwakes, nurres, and cornmorants which nest there. The same structure
supplied nesting cliffs on tiny Egg Island in southeastern Norton Sound.
Frost riving, active in the brittle volcanic naterial, is the source
of frost-noved rubbles which characterize the nountain slopes of many Al askan
mountains. Puffins and auklets nest in rubble on the tongues of |ava
protrudi ng east and west of Savoonga, on Sevuokok Mountain near Ganbel,
and on the upper slopes of the mountains between Bunnell Capes and Sout hwest
Capes on Saint Lawence Island. The rubble slopes on the top of King Island
and on Little Dionede provide mles of tunnels and caverns where auklets
nest. Although simlar rubbles are found on the west side of Sledge Island
and on Besbhoro Island, a trivial number of nesting auklets or none occur
in the low saline waters of Norton Sound.
Mountain gl aciers occupied the higher places along the Siberian and
Al askan Peninsulas during the Pleistocene, but lack of rain and snowfall
kept interior Al aska and west coastal Al aska free of glaciers. During nost

of the Pleistocene, the outlet of Alaska's major river, the Yukon, |ay
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north of Saint Lawence Island and enptied into the Chirikov Basin. In the
most recent Pleistocene, it enptied south of Saint Lawence Island over -the
edge of the Continental Shelf through one of the deepest submarine canyons
known . Today it enpties into the southeastern corner of Norton Sound and
dictates the characteristics of the A askan Coastal Water which occupies
Norton Sound and flows northward al ong the Al askan shore through the Bering
Strait.

[t would be an understatenent to suggest that deflection of this river
water to flow southwest over the Continental Shelf into the deep Bering Sea
bet ween Saint Lawence and Saint Matthew Islands would nean drastic changes
in climte and the nature of all water masses in the Bering Strait Region.
The | owering of sea level which was al so associated with glacial advances
and resulted in the Bering land bridge would cut off completely the flow of
Bering Sea water which now is a predom nant influence on the water, flora,
and fauna as far north as Point Barrow (see next section).

The intense frost action associated with periglacial climte has sharpened
peaks, riven ‘blocks off bedrock, and noved |arge volunes of nmantle to form
convex slopes. The riving of massive blocks and their breaking or reduction
in size by frost has continued. Mvenment of rubble is kept active by
“over-steepening’” at the foot of slopes where storm surges and novenents
of sea ice renove stone blocks fromthe foot of cliffs.

The frost-riving, soil creep, and special pattern of river discharge

in which spring freshets account for the mpjority of streamwater flow are
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responsible for the rolling |andscape, convex hill slopes, broad depositiona
sl opes, and narrow debris—cl ogged valleys. The formation of gold placers is
associated with frost-reduced sedinments and periodic torrential river flow
River-run salmon are also characteristic of regions where large spring
freshets contribute readily identifiable water nmasses into coastal shallows
and make it easy for the fish to recognize their native stream The large
vol une of sedinents produced by frost riving and creep carried to the sea on
freshets have produced a virtually uninterrupted beach extending from the
Al askan Peninsula to beyond the MacKenzie River.
The |agoons behind these beaches are inportant feeding and resting
sites for gulls, terns, waterfow, and shorebirds on migration and on breeding
grounds. The productivity of these lagoons is very high and as a consequence
the lagoons not only support the local waterfow but also contribute nutrients
to the shallow Al askan Coastal Waters (Hood and Reeburgh 1974; Johnson 1956}.
On the convex hillsides and thaw sinks produced under the reginen of
frost action are many small ponds and |arge areas of marshy and boggy ground
on the uplands. These are used as breeding grounds by waterfow and shorebirds
The coastal |andscape provides redundancy of |agoons, wetlands, |akes
and marshes which conbine to offer exceptionally favorable feeding and
breeding habitat for waterfow and shorebirds.
B. Bathynmetry (see Main Body, Figure 10, p. 212)
The Bering Sea Basin is divisible into two major parts. The first is
the deep basin north of the Aleutian Islands which is divided into an eastern

and western part by Brewers Bank. The second is the Al askan-Siberian
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Continental Shelf which extends northwest fromBristol Bay and the Pribilof
Islands to Cape Navarin and north from south of Saint Matthew |sland through
the Bering Strait to the edge of the basin of the Arctic Ccean.

North of Nunivak Island and Saint Matthew Island the shelf water is
relatively shallow, under 40 fathons. Deep water marks areas of scouring
by currents on the east and west ends of Saint Lawence |sland, 20-30 fathons.
The Al askan Coastal Waters are shallower, under 20 fathons, and under 10
fathons in nost of Norton Sound except for a deeper channel from Cape None
to Bluff. The water is especially shallow off the Yukon Delta and in eastern
Norton Sound and often takes on the brownish color of the nuddy bottom

Most of the Chirikov Basin is 20-25 fathons deep, though within 20 nmiles
of the Al askan and Siberian shores it is under 20 fathons. Thus the bottom
t opography on the Alaskan shore forns a curve at 10 fathonms, sweeping north
from off Cape Ronanzoff past the entrance to Norton Sound and northwest to
the Bering Strait. Depths reach 30 fathons in the east channel of the Bering
Strait. Another sweeping curve at a depth of about 15 fathoms crosses the
nout h of Kotzebue Sound, first northeast toward Kivalina and then northwest
toward Point Hope. Depths are |ess than 10 fathoms in Kotzebue Sound.

The nmain body of the Chukchi Sea is between 20 and 30 fathonms deep.
North of the Lisburne Peninsula water 10-20 fathons deep is found towards
Point Lay and lcy Cape.

¢c. Bottom Topography and Sedinents. (Precis of: D.M Hopkins, CH

Nel son, RB. Perry, and T.R Alpha, 1976; and of D.A MManus,
V. Kolla, DM Hopkins, and CH Nelson, 1977).

The sout heastern part of the Norton Basin is a shallow plain; the

nort hwestern region is undulating and humocky, and is nore conplex in
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t he nearshore zone. Many relief features of the present sea bottom were
formed by glacial, fluvial, and littoral (erosional and depositional) processes
during Pleistocene |owsea-level episodes, but they have been nodified by
submarine erosion and deposition of the past few thousand years.

In the east, the monotonously flat Norton Plain has relief of about
2 meters, over distances of 30 kiloneters. On the northwest, this plain
grades into the Chirikov Ramp extending south and sout hwest from Ki ng
Island. The slope of the Chirikov Ranp is steeper, twi ce that of the Norton
Plain, and slopes to the west and northwest. Shallow, branching subparallel
swales of 4 to 5 nmeters relief mark the slope toward the deeper water of the
Chukotka Trough to the west (Figure 1).

The Chukotka Trough lies along the western edge of the region, against
the Siberian shore. It is from40 to 60 nmeters in depth; the bottom consists
of hillocks, swales and cl osed depressions of 3 to 6 nmeters relief, for which
there seems to be no coherent drainage pattern. The Trough ends on the north
ina 10 neter high scarp at the southern entrance to the Bering Strait.

Distinct sea valleys mark the Bering and Anadyr Straits, and a |ess
wel | -marked sea val l ey marks Shpanberg Strait. Shoal water marks the northern
ends of these sea valleys: the Ganbel Shoal is coarser material northeast of
the Anadyr Strait, the Wales Shoal north of the Bering Strait, and the
Nort heast Cape Shoal at the northern end of Saint Law ence Trough.

The King Island Valley, an alnpst linear valley 70 kiloneters in length,
extends south-southeast from King Island. It is 2 to 3 kiloneters broad and
5to 10 neters deep, and separates the Chirikov Ranp fromthe Cape Rodney
Parallel Valley area which lies between Sledge Island and King Island. The

bottom of the Parallel Valley area consists of broad, low ridges and clearly
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Figure 1. From MManus, Kolla, Hopkins and Nelson, 1977 (Figure 1).

Index map of continental shelf in northern Bering Sea show ng
maj or physiographic units and sources. Sources include: U S,
Def ense Mappi ng Agency Hydrographic Center charts, National

Ccean Survey, Ceager and MMnus (1967), and MManus, Venka-
tarathem Hopkins, and Nel son (1974).
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marked shallow valleys of 5 meters relief with a northwest sweeping curve.
Shoal areas consisting of constructional ridges 5 to 20 neters high, extend
sout hwest and northwest of Point Spencer at the northern end of the Parallel
Valley system Port Clarence Valley, 4 to 5 kilometers broad and 4 neters

deep, runs between the shoals and the abrupt scarp of the York Mountains.

The following is taken from the Abstract of “Distribution of bottom
sediments on the continental shelf, northern Bering Sea”, by McManus, Kolla,
Hopki ns and Nel son (1977). (See also, Figure 2,)

Most of the sediment contributed to the northern Bering Sea today
(rodern sediment) is associated with the Yukon River runoff and the
hi gh-speed currents (30-40 cm/sec near the bottom) within the Al askan
Coastal Water, which sets northward along the coast through the Bering
Strait into the Chukechi Sea. Mst sediment is silt sized but includes
sone very fine grained sand and clay-sized material. The very fine sand
extends northward across the nouth of Norton Sound, where it nixes on
the west with relict Yukon silt that covers southern Norton Sound.

Mich of the Yukon silt enters Norton Sound, but there is only a
thin accumulation there, except near the delta. The silt issues from
the sound along the north side, where a silt deposit is in presumed
dynamc equilibrium thereby marking the dispersal path through a
depression into the coastal current. The mpdern silt associated with
the coastal current is considered a dynam c conponent of the bottom

sedi ment, which otherwi se consists of relict sand and gravel. The net
transport of the silt is through the Bering Strait and into the Chukchi
Sea.

I mpressed on the steady northward-setting current are irregular
| arge-velocity fluctuations produced by tidal currents and partly by
the wind regine. For the area as a whole, tidal currents and w nd
drift are believed to be nore significant than wave drift or estuarine-
type density circulation.

Where the coastal current is strongest, the sedinment is a relict
or residual lag sand and gravel derived from glacial material or from
met anor phi ¢ bedrock of Seward Peninsula. Under the slower Mdified
Shel f Water offshore of the coastal water, the bottom sedinment also
is relict Yukon sand, in part derived from glacial noraines. Modern
sediments do not accunulate beneath the Mdified Shelf Water, as they
do beneath the coastal water.

Northern Bering Sea was subaerially exposed during the period of
ecstatically lowered sea level (i.e. responding to the weight of
continental ice) that coincided with the last glaciation. However,
the surface sedinments provide no indication that the Yukon River has
ever drained northward into the Arctic Ccean. Until relatively recent
time, the Yukon drained southward into southern Bering Sea. The river
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Figure 2. Bottom—sediment distribution. Relict sediments may include residual material.
From McManus, Kolla, Hopkins and Nelson 1977, Figure 15. source of data is
McManus, Venkatarathnam, Hopkins, and Nelson (1974).




mouth has been in its present northern position for only a geologically
brief period.

Seaward size grading in relict sands is ascribed to the present
day strong current paralleling the isobaths.

This geological information has the following inplications for the
bi ol ogi cal systems. The active deposition of fine-grained materials in
the southern part of Norton Sound north of the mouth of the Yukon,
establishes a set of conditions favorable for the abundant growth of
detritus-based benthic communities. Toward the east, the waters, and
hence the sedinents, are disturbed little by currents. The sedinents
tend to be softer and thus, are nore suitable habitat for different species
of benthic aninmals than the nore active sedinments to the west. Those to
the west are disturbed and redeposited by storm surges of the northward
setting current across the nouth of Norton Sound. Oher parts of the
Norton Basin, such as the Chirikov Ranp and the western part of the Norton
Pl ain, and between the Savoonga Depression and the Northeast Cape Shoal
are regions of slower currents and |ess disturbed sediments. These also
are suitable for a rich and abundant benthic fauna which nake the areas
attractive to Walrus, Bearded Seals and Gray WWal es

The greater relief of the Chukotka Trough and of the Cape Rodney Parall el
Valley Area reflects greater turbulence, and the coarser bottom
sediments in these places indicate the retention of materials in the water
colum. This effect is especially marked in the Anadyr Strait and the
Bering Strait where the northward setting water is forced over a sill and
confined between Little Dionede and Cape Wl es

Shal | ower water northeast of Gambel on Saint Law ence Island, east and
sout heast of King Island, over the shoals off Point Spencer, and over the
Wal es shoal, seem to have characteristics attractive to some seabirds. These
conditions and their effects on seabirds are discussed in later sections of

t hese appendi ces.
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APPENDI X | 1.
OCEANOGRAPHY: ORI G NS, CHARACTERI STICS, AND MOVEMENTS
OF WATER MASSES OF THE NORTHERN BERI NG SEA AND BERI NG STRAIT

Precis of Fleming and Heggarty 1966; Coachman, Aagaard, and Tripp 1975)

The synthetic process now underway in the Bering Sea Review wll
make available the large amount of information gathered under the
National Oceanic and Atnospheric Administration’s Quter Continental
Shel f Environnental Assessment Program (0CSEAP). Little of that
material has so far been available in a form useful in preparing a conpre-
hensi ve oceanographic picture of the northern Bering Sea and Bering Strait.
Consequently, nost of this survey is based on studies nade before the
OCSEA Program and sunmarized in “The Cceanography of the Bering Sea”

(Hood and Xelley, eds., 1974) (especially Chapter 3, “Circulation, transport
and water exchange in the western Bering Sea” by Hughes, Coachman and
Aagaard); in “The Physical Cceanography of the Bering Strait Region”
(Coachman, Aagaard, and Tripp 1975): and in “Environment of the Cape Thonpson
Regi on, Al aska” (Wilimovsky and Wl fe, eds., 1966).

Studi es of physical and chenical oceanography of the Bering Sea have
been nmade primarily south of a line from Cape Navarin, Siberia, to Nunivak
Island, Al aska; that is, in Bristol Bay, the A eutian Islands, and the
Bering Sea gyre (Hood and Kelley, eds. , 1974). Sone data on water masses
and currents in the Bering Strait and Chukchi Sea are published in Wilimovsky
and Wl fe (1966) and in Coachman, Aagaard, and Tripp (1975).

Hughes et al. (1974) summarized the water nasses as follows. First,
North Pacific water flows through deep passes between the Aleutian I|slands

into the deep basin between the A eutians and the Continental Shelf. Sone of
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this water of deep origin flows up over the edge of the Continental Shelf
and continues northward around both ends of Saint Lawence Island and into
the Chirikov Basin. This water noves on through the Bering Strait and the
Chukchi Sea, penetrating the waters as far north and west as Herald Shoal .
Deep water fromthe Arctic Ccean, which is considered a part of the North
Atlantic water nass, noves along the bottom of Barrow Canyon and Herald
Canyon, but does not contribute to the water of the Chukchi Sea south of

I cy Cape.

A second source of water on the Continental Shelf is the outflow of the
major Alaskan rivers north of Bristol Bay. These warm waters of low salinity
renewed each year by spring freshets domnate the shallow waters within 25
mles of the Alaska coast.

The interactions between river water, river-borne materials, the shallow
waters of the Continental Shelf, and the waters rising over the shelf out
of the ocean depths provide the physical and chenmical background setting
for the biological processes we are studying in the Bering Strait Region.

A.  Mjor Water_Msses

Coachman, Aagaard, and Tripp (1975) described the water masses in the
northern Bering Sea, arguing for the existence of three main water nasses:
Bering Shelf, Alaskan Coastal, and Anadyr (see Main Body, Figure 10).

The first, Bering Shelf Water, occupies the nmiddle of the shelf. It
is made up of saline Bering Sea water which is reported to be mixed with
cold “resident” (overwi ntered) shelf water and nmelting sea ice in the region
south of Saint Lawence Island. The result is a water mass of noderate
tenperature (2-6°) and noderate salinity (32.4-32.8 o/o0). 1t is assuned
that this water becones uniformfromtop to bottom as a consequence of

circulation under the ice in wnter.
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The second, Al askan Coastal Water, is separated sharply from the shelf
water on the east. This water, warmer (6-10°) and of nmarkedly |ower salinity
(30-31 0/00), is identified north of Nunivak Island and is forned of water
whi ch persisted through the previous winter (salinity 32 o/oo), and domi nat ed
by outflow of fresh water frominterior Alaska via the Kuskokwi m Yukon,
Kobuk, and Noatak Rivers. River plumes are clearly delineated by high
measurenents of P-CO, (Hood and Reeburgh 1974); high |levels of carbon
di oxi de are characteristic’ of the waters between the Kuskokw m River and
the Seward Peninsula. This coastal water is virtually the only water in
Norton Sound and inner Kotzebue Sound, inside of Cape Espenberg and Kruzenstern.
The water in eastern Norton Sound apparently forms a largely independent
gyre partially isolated fromthe other water masses. Kotzebue Sound
resenbles Norton Sound (see Miin Body, Figures 29 and 30, pages 385
and 386) in having a circulation of low saline water largely isolated from
the major northward flow Kotzebue Sound al so contains cold remmants of ice-
melt water along the bottom

During the summer the more or less isolated bodies of |ow saline water
in inner Norton Sound, Kotzebue Sound, and northeast of Cape Lisburne usually
become quite warm Their low salinities and warnth have inportant effects
on the biology of these subregions: The copepod faunas differ fundamentally
fromthose of the cold saline waters to the west (see Min Body,
Figure 11, page 216); Saffron Cod replaces Arctic Cod, and Sand Lance
is seasonally very abundant.
The third water mass, Anadyr Water, occurs against the Siberian shore.
It flows out of the basin in the Gulf of Anadyr northward past the western

end of Saint Lawence Island into the deep waters of the western Chirikov
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Basin. The water is cold (1-20c), highly saline (32.8-33.2 o/o0), of |ow
partial pressure of C2, and is rich in nitrates. This western area has high
primry productivity, 600 ng C/m%/day. The use of nutrients is bal anced by
an increased contribution of nitrate and CO2 from deep source water.

There appears to be a difference of technical opinion as to the origin
or formation of the Anadyr Water. Coachnman, Aagaard, and Tripp (1975)
suggest that it rises out of the Bering Sea Deep over the shelf edge near
Cape Navarin and; steered by the bottom topography, circulates around the
inner part of the Anadyr Qulf wthout extensive mixing with the cold water
whi ch occupies the bottom of the center of the Qulf. They suggest that this
water is cooled in transit and that within 25 km of shore it shows influence
of outflow of Siberian rivers. In contrast, Flem ng and Heggarty (1966)
suggested that this water is a product of upwelling all along the Siberian
shore, as the northward noving water diverges to the northeast in response
to Coriolis effects. The' difference may be resol ved by establishing the
source and life histories of the food organisms preyed upon by the auklets
in the Chirikov Basin.

Coachnman, Aagaard, and Tripp suggested that Norton Sound is an inportant
source of the Al askan Coastal Water which is still identifiable north of
Bering Strait in the southeastern Chukchi Sea: it can be identified as far
north as Herald Shoal and occasionally in |enses nmoving east of Point Barrow.
In discussions of the water nmsses of the region these authors enphasized
the lack of vertical mxing between surface waters and deeper, colder, nore

saline waters; hence the stability of the water mass. This segregation of
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wat er masses by steep pycnoclines at depths should prevent rise of nutrients
into the euphotic zone. Therefore, detailed exami nation of water nasses
studied by Coachman, Aagaard, and Tripp seems to help little in understanding
this aspect of productivity and biological structures of the region.

B. Currents

It was formerly believed that during the winter water was stationary or
flowed south through the Bering Strait and that northward flow was a phenonenon
of the sunmer nonths. Coachman, Aagaard, and Tripp (1975) concluded that
flow is northward all year and that the flow is driven by barometric pressures.
Reversed flows, they believe, are tenporary phenomena reflecting |ocal winds.
They observed that high baronetric pressures in Nome and |ows in northeast
Siberia are associated with days of north winds. These winds reduce flow
through the strait and |ower the water level in Norton Sound. Low pressures
in Norton Sound acconpany southeast winds and increase the velocity of flow
through the Bering Strait (see Figure 3).

Chirikov Basi n: The northward flow of water across the Continental

Shel f accelerates where it is confined at the east and west ends of Saint
Lawence Island. Then this Bering Shelf Water veers east in response to
Coriolis effects, and restricts the Al aska Coastal Waters to within about 25
km of the Al askan Coast. The Anadyr Water intrudes to the eastward towards
King Island. Being confined, the water in the east part of the Chirikov
Basi n accel erates between Cape Rodney and Wl es because of Bernoulli’s
Principle. As in river systems, when this water accelerates, it picks up

and carries sand and nmoves gravel. Wien flow decelerates it drops its |oad.
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Fi gure 3.

R i

Photo of Little Dionede Island
Bering Strait. Streaks of smooth water mark the northward
flow of water out of the Chirikov Basin past the southeast
corner of Little D onede Island

flow of water through the
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This acceleration past barriers followed by slow ng beyond them has produced
gravel and sand spits on the north end of Sledge Island (Figure 4), at Cape
Spencer, and the shoal which extends 75 km north of Cape Prince of Wiles.

Sl owi ng of Anadyr current after the flow through Anadyr Strait has produced
the gravel spit northeast of Gambel.

Sout hern Chukchi Sea: Mst of the flow of water through the Bering

Strait is in the channel east of Little Diomede at a velocity of about
3 knots (150 cmsee) near Wales spit; water flows at half that speed at
10 mdepth and near Little Dionede, and slower still at 1/3 knot (20 cnisee)
west of Big Dionmede (Ratmanova). Water noving north veers east again off
Shi shmaref and circles through the deeper outer parts of Kotzebue Sound.
The water slows after confinenment and acceleration in the northern Chirikov
Basin and Bering Strait. As the water slows deposition has produced Wles
shoal and the long beaches from Wales to Cape Espenberg. A large part of
these sedinents nay have come indirectly from the Yukon and Anadyr Rivers.
The saline water under the Al askan Coastal Water and the mass of the
Bering Shelf Water are steered north and northwest along the eastern edge of
the Chirikov Basin by the form and the bottom contours at roughly 20 neters of
depth (10 fathoms) (see Main Body, Figures 9 and 10, pages 212 and
213). The Al askan Coastal Water’ turns north and northwest off
Kivalina steered by the shape of the bottom It accelerates as it turns
northwest and is confined between the | and (Kivalina-Cape Thonpson) and the
main water mass. It slows again as it passes the headland and deposits the
spit at Point Hope. The main mass of Bering Shelf-Anadyr Water is shown by
Landsat photos to form a counter-clockw se eddy west of Point Hope.
In the southeastern Chukchi Sea, the Al askan Coastal Water is dis-

tingui shable from the western waters. The western waters do not seem
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Fi gure 4.

£

Gravel spit, driftwood and house pits on the north end of
Sl edge Isl and.

This photo, taken by J. Bartonek, shows sediments collected
on a spit, windrows of driftwood, and pits which nmark the
site of a former Eskino village. Al of these are indications
of the extreme strong currents and eddies.
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to be separable into Bering Shelf Water and Anadyr Water as described for the
Chiri kov Basin. It may be that the distinctions are clouded by vertical and
hori zontal mixing while passing through the strait. A cold current noves
sout heastward along the north coast of Siberia, but this flow seldomif ever
penetrates as far as Cape Dezhneva and does not contribute an inportant anount
of water to the southern or eastern Chukchi Sea.

O f Point Hope the Al askan Coastal Water turns north and divides into
two streams; one noves northwest (apparently north of the westward curl of
Bering Shelf-Anadyr Water) to pass south of Herald Shoal. The other veers
northeast past Point Lay and Icy Cape. A clockwi se eddy forns between Cape
Li sburne and Point Lay.

C. Tidal Effects

Tidal currents and eddies nodify the general pattern of nmovement. The
schedul e of tides is conplicated by the fact that tides run once a day in
Norton Sound and twice a day on the Siberian shore. At Nome the tides run
twice a day for a few days after the noon passes the equator, but becone
daily Wwhen the noon has maxinum declination. The tides in the Chukchi
Sea are traditionally considered to be in response to progressive waves
comng fromthe deep arctic basin. The tides on the Alaskan and western
Canadi an Arctic shores are a mixture of daily and twice daily periods.

Measurenents of current flow record passage of strong eddies along
the main flow, these may reverse tenporarily the direction of tidal flow
Al though nuch stronger than tidal currents, they run for shorter periods

of tine. Some have an average period of about two days, and suggest responses
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to the several -day patterns of atnmospheric novenent characteristic of the
Bering Strait region.

During the years we were in the area, the sea ice noved north primarily
east of King Island (Ukivok) and after the sea ice had di sappeared we often
saw an area of rough water between King Island and Sl edge Island. It seens
reasonable to think that this turbulence is the “niddle water” which the
King Islanders or Diomeders say often forces themto turn back on their trips
to and fromthe mainland. They say they have no way of predicting when or
how bad this rough water will be, no matter how calm the water may be around
the island or the mainland. One nmight expect this sort of turbulence to
result where two rather well-defined water nmsses sheer against each other
or where tidal currents and main flow converge or conflict on the margins

of eddi es.
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APPENDI X |11
PRODUCTI VI TY

A Sour ces

Productivity is said to be high in areas where resources are concentrated,
such as nutrients for phytoplankton or vul nerable prey for aninmals. It is
necessary that resources be available to the organisns, i.e. , in the euphotic
zone or available to stereotyped feeding techniques.

In nmost cases productive areas are regions of upwelling. Water cones
up frombelow, it is cold, saline, and contains nitrates, phosphates, and
carbon dioxide, as well as organisms carried up fromthe deep.

Areas of upwellings include a) regions where flow of water along the
bottom neets an obstacle and nmoves up, e.g. at the edge of a continental
shel f; b) where, as a result of w nds, Coriolis effects or inertia, surface
wat er noves away and is replaced frombelow (called a divergence); c) where
two currents sheer against one another or one current pushes against a
stationary body of water, as at the mouth of a river. In these circunstances
resources may be concentrated in |lenses of vertical circulation (called
convergence or fronts). d) In northern seas there is a peculiar circumstance—-
the special phenonena at the edge of nmelting sea ice.

Hi ghly productive upwelling areas have been reported in the central and
southern Bering Sea in a) the upwelled water north of the Al eutian Passes,
b) the water flowing up the Continental Slope around the Pribilof Islands
and along the shelf break to the northwest, and c) along the southwest-northeast

trending zone off the coast of Kamchatka.
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The high mneral content of the |ow saline A aska Coastal Water does
not seemto stinulate levels of primary productivity as high as those in
the Frazer River Plume, or as high as those along the slope of the Continental
Shelf and along the coast of Siberia. Cold waters rich in nutrients have
been reported in the western Chirikov Basin; Flening and Heggarty suggested
these waters result from divergence of water away from the Siberian Coast as
the northward-fl owi ng water noves eastward in response to Coriolis forces.
Turbul ence in response to the confinement of water flowi ng through
narrow straits is responsible for upwelling west and east of Saint Law ence
I sl and. This effect may be the major source of nutrients for the unusually
productive area of the Bering Strait itself,
Moderate |levels of productivity have been reported on the edges of the
Bering Shelf Water in the southern Chukchi Sea west of Point Hope
Ri ver plunes provide fronts or convergence at their seaward edge.
Food tends to concentrate there and attracts waterfow in spring and kittiwakes,
murres, and puffins at the nouth of Golovin Lagoon in summer. The outlets
of the large coastal |agoons provide food both at convergence and in the
shal | ow estuaries. For these reasons outlets of lagoons and river estauries
are gathering places for fish, gulls, and terns, seals, bears, and people.
Long lines of “slicks” paralleling the direction of the wind and of
tidal currents occur in Norton Sound (Figure 5) and from Ki ng Island to and through
the Bering Strait. Flotsam collects along these slicks and kittiwakes,
Al eutian Terns, phalaropes, and at times murres and puffins congregate

along the lines.
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Streaks from flow of water in northern Norton Sound.  Streaks
of smooth water mark the flow of water westward from Cape
Darby past Cape None. This photo was taken |ooking from Cape
Nome to Rocky Point over the deeper water valley where stronger
westward currents and fine sedinents reflecting contenporary
deposi tion. (Drury photo).
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B. Productivity at the Ice-Edge

The edge of the nmelting sea ice in spring is very inmportant in the
lives of seabirds and sea mammuals at a critical time when these aninals
are feeding actively in preparation for the exertion of reproduction.

The high productivity with the edge of the ice has been described by
McRoy and Goering (1974), Al exander (1974), and Divoky (1978) as associated
with differential tenperature changes during the thaw. These appear to
rel ease minerals and allow a bloom of, primarily, benthic algaé
to thrive on the underside of the ice. Anphipods, copepods, and fish such
as Boreogadus crop these algae. The nost evident effect is an association
of seabirds with the windrows of pan ice during break-up (Divoky 1978).

During break-up of the sea ice in spring, fields of ice pans collect
along the western edge of the Al askan Coastal Water and follow the border
northwestward toward the Bering Strait. Auklets occur further east in the
Chirikov Basin around drift ice. Mirres and gulls occur in nunmbers |arger
in areas of drift ice than on open water. The ice is also used by sea
mnals : Ringed, Common, and Bearded Seals, and Vel rus.

During sunmer the seabirds gather in the western parts of the Bering
Shel f Water west of King Island and around the western end of Saint Lawence
I'sland.

Simlar effects have been reported along the fronts between Al askan
Coastal Water and Bering Shelf Water southwest of the Lisburne Peninsula.

C. Location of Primary Productivity and Phytoplankton Bi ommss

Almost all information available on phytoplankton flora in the Bering

Sea applies to the region south of Saint Lawence Island. A couple of

34



stations have been occupied at the mouth of Norton Sound and in the area
between King Island and the Bering Strait. One well-analyzed set of sanples
was taken in the Bering Strait and there is a small set of general plankton
sanples from the southeastern Chukchi Sea. St udi es of the phytoplankton
i ncl ude some measurenents of bionmass; but we have not found any studies in
which the flora, biomass, and primary productivity have been correl ated.
Consequently, these comments are interpretations and extrapolations from
findings in neighboring areas in the southern part of the Bering Sea.

In general, high standing crop, measured as bionass in cells per cubic
meter, is associated with high rate of productivity, measured in mlligrans
of carbon produced per square neter of water per day. However, exceptions

are reported: east of Bower’s Bank standing crop is low and productivity

hi gh; south of Nunivak Island standing crop is high yet productivity low(Hoode
Kel | ey,

Karohji (1958) reported high bionass of phytoplankton on the Continental
Shel f between Nunivak and north of Saint Lawence Island (6,800,000 cells
per cubic meter) and in the area at the northern part of the Bering Sea
Deep and western edge of the shelf off Cape Navarin (8,900,000 cells per
cubic neter). In this northern part of the Bering Sea and off the coast
of Kanchatka, primary productivity has been neasured at 350 ng C/mzlday.

In the mouth of Norton Sound high standing crop has been reported (English
1966), but productivity data are not available. Very high standing crop
and very high primary productivity occur in the Bering Strait itself.

McRoy et al. (1972) deternined that plant plankton fix 1,000 nilligrams
of carbon per square neter of water per day. This anmount of carbon nakes
this area one of the nmpbst productive in the world, even though it falls at
the low end of the neasure of productivity of the world s better-known

upwelling Systens.
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Phytoplankton bionmass is strongly affected by grazing of herbivorous
copepods. It is reported that high densities of =zooplankton occur al ong
nmost of the shelf edge south of the Pribilof Islands, and that these are
associated with |ow densities of phytoplankton, as if growh of zooplankton
was at the expense of the phytoplankton. Zooplankton feeding reduces their
own food; thus, if growth and reproduction of phytoplankton is slow, the
zooplankton biomass is limited by food shortage.

Off the coast of Siberia between Cape Navarin and Cape Olyutorskii,
primary productivity is high enough to naintain |large biomasses of both
phytoplankton and zooplankton.

In addition to the effects of herbivores grazing on phytoplankton,
we can expect marked differences between years in the growh and reproduction
of phytoplankton. English (1966) reported a reversal of relative nunbers
of zooplankton to phytoplankton between two years in the area of Chirikov

Basin and the southern Chukchi Sea.
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APPENDI X | V.
TROPHIC LEVELS

A Distribution of Fauna and Flora

Karohji (1958) suggests that the diatomflora of the Continental
Shelf is generally simlar, and contrasts it with that of the Deep Bering
Sea Basin and that of the northern North Pacific. Mtoda and M noda (197k)
indicate that a plankton flora typical of the Continental Shelf occurs in
the nmouth of Bristol Bay and across the Continental Shelf from Nunivak
Island to the area east of Cape Navarin. W presune that this flora is
what is carried north through the Bering Strait Region. It is not clear
whet her Bristol Bay, Norton Sound and Kotzebue Sound have a flora separate
fromthe flora of the nore saline waters to the west.

In the Alaskan Coastal \Waters, neritic forns are nore abundant at the

surface, but cold-water forns (e.g. Coscinodiscus curvatulus and Fragilaria

oceania Which are also reported to be active under the sea ice) appear at
greater depths. The two groups can exist together on the Bering Shelf
because none of the water is deeper than the 100 m reported to be the
| oner average limt for diatoms in the euphotic zone in summrer.

The flora of the Al askan Coastal Waters is dominated by Nitzschia

seriata and Chaetoceros (Section Hyalochaete) -- especially Chaetoceros

debilis. Dinoflagellates such as Ceratium longipes and C_ lineatum and

Peridinium spp., are reported to be nmajor constituents between Nunivak
Island and Norton Sound and also in coastal water in the Gulf of Anadyr.

Karohji reports that the flora of the area east of Cape Navarin, which
he calls the Northern Bering Sea, is also dominated by neritic diatons,

e.g. Nitzschia seriata and Chaetoceros (Section Hyalochaete), especially

Chaet oceros furcellatus. |n accordance with this, the diatons in the
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water flowing through the Strait of Anadyr should be prinarily neritic.
Influence of flora fromthe Bering Sea Basin is indicated by the presence

of Thalassiothrix longissima, Denticuls semi nae, Chaetoceros (Section

Phaeoceros) -- especially Chaetoceros atlanticus and C. convol utes, and

Coscinodiscus oculus f. iridis. Brief reference to the occurrence of

bl oons of Chaetoceros, Coscinodiscus and Thalassiosira in the Bering

Strait Region (English, 1966) suggests that sone of the flora of the
Bering Sea Basin is included and thrives in the Bering Shelf Water flow ng

north.

B. The Detritus-based Systemin Norton Sound

Few phytoplankton data have been collected in either the Saint
Lawence Island waters or Norton Sound. Although it is not known when the
peak of the phytoplankton bl oom occurs, it is suspected to be in late May
or early June. Although primary producers nust be active in the water
colum within Norton Sound, the short period available for primry
production, the warner, |ess dense water that will not “float” the |arger
Copepods, and the heavy suspended |oad of sedinents in the water in the
southern portion of Norton Sound seem to reduce the inportance of production
in the water colum.

CGeol ogi cal observations of the behavior of sediments in the Yukon
River's plune, and observations on the distribution of epifauna and
sel ected infauna (animals living on or in the bottom sediments) taken
by trawl, as well as the food of bottomfeeding Starry Flounders

(Platichthys stellatus), strongly suggest that Norton Sound is a depositing

systemwith its conponent benthie speci es dependent on an annual and
substantial flow of carbon fromthe Yukon River, the many rivers within

Norton Sound, seagrass (Zostera) beds and intertidal algae.
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The detrital input and associated sedinment delivered to the Norton
Sound benthos from adjacent river systens are associated with rich m crobial
conponent s. These nicrobial conponents represent an inportant source
of primary productivity available to the benthic systems. It is to be
expected that deposition of sedinents and detrital materials, together
with their associated bacterial flora, result in the establishnent of
deposit and detrital -feeding species because water circulation within
the eastern portion of Norton Sound is sluggish. The western or outer
portion of Norton Sound is also an inportant depositing environment, but
the sedinents there are resuspended and redistributed by greater novenent
of overlying water than found in the inner sound. This is consistent with
the presence of deposit-feeding organisns characteristic of unstable

depositing sedinents, e.g. sand dollars (Echinarachnius), the clam Yoldia,

and the polychaete worm Pectinaria (Feder and Jewett 1978).

The ideas and data which follow in the discussion of detrital systens
were presented by H Feder to the Norton Sound Synthesis Meeting in 1980.
(See also Feder and Jewett, 1978 ).

The presenceof the omivorous sea urchin, Strongylocentrotus droebachiensis,

is an indicator of a detritus-based fauna taking advantage of plant nmaterial
raining fromlocal rivers. Many of the other species present are predatory

on deposit-feeding infauna. King Crabs (Paralithodes camtschatica)

presunably take deposit feeders such as -the clam Yoldia sp., Polychaetes
Pectinaria and Cistenides, and the Brittle Star Dianphiodia. Sea stars

such as Leptasterias, Evasterias and Lethasterias also utilize mny

deposit-feeding as well as some suspension-feeding infaunal species of

quasi-turbulent areas, e.g. Cockles Serripes and Clinocardium and the sand

dol l ar Echinarachnius. Hermit crabs (Pagurus trigonocheirus and P. capilatus)

and the shrinp (Argis lar) are presuned to feed on deposit-feeders. The
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| arge snails Neptunia heros, N. ventricosa and probably Beringius beringi,

are predators on deposit-feeding infaunal species such as the clam Yoldia,

and the Polychaetes G stenides and Pectinaria.

Commercial King Crab fishing in Norton Sound has been underway since
1977. The area of nost intense fishing and, consequently, the highest
landings is the northern portion of the Sound, particularly the region
bet ween Cape Rodney and Rocky Point, extending south to Latitude 63° North
This is an area where geol ogi sts have found contenporary active deposition
of fine-grained sedinments, oceanographers have found a fairly strong
westward current, and mcrobial biologists found the highest rates of
nitrogen fixation (characteristically found with a high CN ratio in
detrital particles) for the Sound. This region, extending to about 25 km
south of Cape Nome, is also where many other epifaunal species occur in
hi ghest biomass, e.g. four species of sea stars, sea urchins, Red King

Crab, Hyas Crab, two Hernmit Crabs, Argis shrinp, and two species of snails.

¢.  Zoopl ankton

Reports on zoopl ankton have been divided into studies on snall
her bi vor ous Copepods and | arger crustaceans (Euphausiids, Decapods, and
Amphipods). The Bering Sea has a rich and diverse fauna of Copepods
These are the primary herbivores on the phytoplankton and form the base

of the food webs of [arger organisns.

Copepods show a general segregation into a fauna of the Bering Sea
Deep which contributes to the fauna of the shelf waters, and a fauna of
the low saline Al aska Coastal Waters between Nunivak |sland and Nortown

(see Table 1)
Sound/. Copepods of the deep Bering Sea are found around Saint Law ence
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Neritic Water

Acartia clausi
Acartia longirems
Centropages ntmnurrichi

Epi | abi docera
amphitrites

Eurytemora herdnani

Tort anus discaudatus

Tabl e 1.

G oups of Copepod Species

Central Bering Sea

Cal anus cristatus
Cal anus tonsus
(= C. plumchrus)

Metridia lucens

Oithona similis
Oncaea borealis

Pseudocalanus minutus
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Circumpolar

Calanus finmarchicus
(= C. glacialis)
Calanus hyperboreus

Metridia |ongs

Microcalanus pygmaeus
G thona similis

Pseudocalanus minutus



I sland but they are replaced by the copepod species of northern affinities
whi ch can reproduce in saline cold water north of Saint Lawence Island
as the waters move north into the Chukehi Sea.
1. Copepods of the Al askan Coastal Water

Copepods characteristic of the low saline water of the shallow eastern
Bering Sea occur well north of the Bering Strait on the Al askan side.

These include Acartia clausi, Centropages memurrichi, Epilabidocera

amphitrites, Burytemora herdmani, E. transversals, and Tortanus discaudatus,

and the cladoceran Evadne normandi. Neimark’'s studies (19'79) show that

the trend toward a specialized copepod fauna in neritic waters is
exaggerated in inner Norton Sound; see Table 2 and Figure g,
2. Some Cbservations on Transfer of Energy to Hi gher Trophic Levels
a.  In Norton Sound:

The study by Neimark, Cooney and Geist (1979) of feeding behavior
of coastal fish in Norton Sound establishes some of the major |inks between
| ower trophic | evels, the herbivorous and carnivorous invertebrates, and
the “bait” fish upon which seabirds depend. The authors neke several
points worth repeating. The species of fish they studied were primrily
“generalists ,“ a series of adaptations which allows species to feed on
what ever food is available and thus to conpensate for w de changes in
their prey as a consequence of changes in tenperature, salinity and currents.
At the sane tine the species of fish showed selectivity even anong the nost
abundant prey itens.

The authors examined the foreguts of the mpst numerous fish, Saffron
Cod and Rai nbow Srelt caught in floating and sinking gill nets. They

compared the contents with contents of net hauls for plankton. The nost
abundant zooplankters were copepods Acartia and Eurytemora and the cladocerans

Podon and Evadne (see illustrations, Figure 7,}
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Table 2 . Qccurrence of zooplankton taxa in the Norton Sound coastal
samples, July - August, 1976. Table 3 in Neimark, 1979:
Zoopl ankton ecology in Norton Sound, Al aska.

Mean Doni nance Frequency
Nuneri cal of
Abundance Cccurrence

Taxononi ¢ Cat egory No. /m % Abundance %
Acartia clausi 1601 61 100
Podon sp. 508 19 89
Evadne sp. 339 13 86
Pseudocalanus Spp. 32 1 44
Centropages abdominalis 28 l 61
Gastropod veligers 28 | 31
Bi val ve veligers 25 1 33
Eurytenora pacifica 14 1 69
Eurytenora herdmani 14 1 39
Acartia bifilosa 7 <1 14
Crangoni dae zoea 3 <1 81
Crripedia 3 <1 28
Tortanus discaudatus 2 <1 25
Obelia longissima 2 <1 8
Acartia longiremis | <1 8
Spi oni dae | <1 8
Obelia sp. P <1 17
Copepod nauplii P <1 6
Teleost eggs P <1 8
Cyanea capillata P <1 39
Clupea harengus T <1 47
Insects (unidentified) T <1 6
Pleuronectidae T <1 14
Stichaei dae T <1 6
Diptera T <1 25
Autolytus sp. T <1 22
Platichthys stellatus T <1 8
Sagitta sp. T <1 17
Lanpr ops_sp. T <1 14
Anmmodyt es  hexapt erus T <1 6

lpresent (P) inplies |ess than one individual per cubic meter, while
trace (T) means |ess than one individual per 10 cubic neters.

*Taxa which occurred in only 1 of the 36 processed sanples were not
included in this table.
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m Acartia clausi
Pseudocalanus spp.
Aglantha digitale
Oikopleura sp.
Evadne sp.

m Fritillaria borealis

Q CHUKCHI SEA

CAPE

* PRINCE OF WALES
_. km (approx.}

- 0 50 100 150 200

BERING SEA

Figure 6 . Summer distributions of the nunerically dom nant zooplankton
species in regions of the Bering and Chukchi Seas, 1976.
Figure 14, in Neimark, 1979: Zooplankton ecol ogy of Norton
Sound, Al aska. Refer to Figure 15 in Neimark, 1979, for
station locations.,
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Figure 7.  Zoopl ankton of the marine comunity of the Bering
Strait Region. (draw ng W. Drury)



The fish are not feeding sinply on whatever is available. The
copepod Acartia and the cladoceran Evadne are |ess abundantly represented
in fish foreguts than in net sanples fromthe same area. At the same tine
Eurytemora was nore heavily represented in stomachs than in the net hauls,
as were bottom |iving harpacticoid copepods, bivalve zoea and crangonid
zoea. It was apparently nore efficient to consume |arger benthic forns
than the smal|l planktonic crustacea. Furthernore the benthic food sources
seemto be nore dependabl e.

b. The mouth of Norton Sound:
In deeper, cooler and nore saline waters to the west, benthic food

sources are less inportant. The warm water Acartia clausi decreases and

car ni vorous copepods becone dom nant, replacing the smaller, herbivorous

copepods. The |arger copepods Pseudocalanus sp. and two species of

Calanus, including C. finmarchiais, were the dominant zooplankters.

Larger planktonic forms beconme the food base for fishes feeding

pelagieally. For instance, Euphausia pacifica which may feed on phytoplankton

along the coast in Bristol Bay, seems to feed on microzooplankton of fshore
wher e phytoplankton is too small. In addition the offshore, predatory
chaetognath, Sagitta (Arrow-worm, may becone an inportant link. It has

been suggested that Sagitta may convert the unavailable small food itemns

into a resource useable by the bait fish offshore all summer by feeding on
microzooplankton, herbi vorous copepods swept out from coastal zones, on
previous “pul ses” of production from southern Bering Sea, and bathypelagic
(deep water) copepods swept up over the shelf edge in spring. The capricious-
ness of this sort of a link can affect the whole conplexion of the food

resource of the small pelagic fish in the Norton Basin area
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3. Copepods of the Bering Shelf and the Saint Lawence |Island Waters

North of a line from Nunivak Island to the Anadyr Basin a nore
northern copepod (Table 1 ) fauna replaces the fauna com ng out of the
deep Bering Sea. Copepods of the southern Bering Sea fauna (Calanus_tonsus,

C. cristatus, Fucalanus bungii_and Metridia lucens) are carried north and

occur together with abundant w de-ranging northern or subarctic forms (e.g.
Calanus finmarchicus, Calanus marshallae, C. hyperboreus, and

Metridia longs) in the St. Lawence Island waters. The larger copepods

graze on large-celled diatons (e.g. Cosinodiscus and Thallasosira) in the
cold , saline hence more buoyant water. The mixture makes up the bulk of
t he copepod fauna of the shallow water fromthe edge of the Continental

Shelf to Point Barrow. The presence of the Bering Sea elements confirns
the central role of northward flow of water in the marine biology of this

area. The northern fauna, primarily C. finmarchicus, replaces the southern

fauna because it reproduces in the northern waters.

The Calanoid copepods fromthe central Bering Sea breed in deep, cold
water at depths of 100-200 m and retreat to deep water as the surface
waters warm in their southern range. These animals are carried north into
waters where they cannot breed and thus are progressively replaced in the
copepod fauna north of Saint Law ence |Island and are nearly absent north of
the Bering Strait; however, the immature copepods feed, grow, and fatten up
to Copepodite Stage V, and because these forms are larger than many of the

other adult copepods they are used as food (Czlanus cristatus and Eucalanus

b. bungii) by Least Auklets near Gambel (Bédard1969). The copepods seem
to be fed upon also by Chaetognaths, Euphausiids and Hyperiid Anphipods.

Calanus cristatus spawns in deep water in md-wnter (Decenber to

February). Its copepodite stages are carried into the southern part of the

47



Bering Strait Region around the tine of ice break-up. occasionally they

come to the surface in conpact swarnms. Calanus finmarchicus spawns from

the surface to a depth of 200 m and starts to spawn at the beginning of
t he phytoplankton bl oom  The nauplii |arvae increase in nunber to a
maxi mum in mid-June. Because they disappear during June-July, the annual
productivity of this species, which is one of the |largest and nobst nunerous,
does not becone available until the fat, alnost full-grown Copepodite
Stage V reappears at the surface in early August-Septenber.

Al'though these are forns of relatively deep water, the shallowness
(25-30 fathoms) of the water in the Bering Strait Region allows seabirds
to feed throughout the water colum; as these forns are carried north they
are made available as food. Furthernore, Bogarov (1946} reported that at
| atitudes where there are 24 hours of daylight, such as in the Barent's
Sea, copepods do not performtheir usual vertical diurnal migrations which
take them deeper during the day. Thus, the copepods are vul nerable and
avail abl e as food organisms, both for Least Auklets and for other crustacea
and small fish.
4. Amphipods and Euphausiids

North of the Bering Sea Basin the Hyperiid Anphi pod Parathenisto pacifica

is progressively replaced by P._ 1ibellula, and the Euphausiids Thysaneossa
longipes and T. inernmis are replaced by T. raschii.

a. The Euphausiids T. inernms and I. raschii are rapid-sw mming nid-water
to bottom forms which perform diurnal novenents in deep water. T. inermis i$S
considered to belong to a fauna of the continental slope southeast of the
Kamchatka Peninsula. It is carried north over the edge of the Continental
Shel f, and al though equally numerous with T. raschii around Saint Law ence

| sl and (Bédard 1969), it drops out further north and is al nobst absent north
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of the Bering Strait. Its presence anong the crustaceans in the waters
nort hwest of Saint Lawence Island and into the southern Chukehi Sea is
further evidence of the northward flow of water.

Apparently T. raschii rises to the surface to spawn in the Anadyr Basin
soon after the ice leaves. Young forms appear in the diet of Crested
Auklets in June, and adol escent and younger forms are found at or near the
surface to a depth of 50 muntil Septenmber. These Euphausiids apparently
may spawn first in their third year in cold years. Their appearance at
the surface of the water in the Bering Strait Region does not seemto be
related to vertical mgration.

Fuphausiids are filter feeders and one presumes feed on diatons; animal
remai ns have been found in their stomachs and studies under |aboratory
condi tions suggest that individuals prefer food particles of large sizes.
(One woul d expect that they would not avoid fat Copepodite V stages. )

b. Amphipods carry their young in brood pouches until the young reach a
length of 2-3 nm and are released. Anphipods are active under the wnter
ice in the Beaufort Sea. Young of a length of 3-5 mm are found in the diet
of Least Auklets in May, June, and July, as if released in the spring at
about the time of ice break-up. It may be that the young are released so
as to take advantage cf the bloom of food which begins at the edge of the
ice. Little is known about swarnming or changes in distribution in the water
colum; they do not show peaks of abundance in the sumer. Their nunbers
and biology seemto be related closely with events taking place under the ice.

It is known that large individuals, up to 50 nm are predaci ous on
smal | er copepods. They have large conmpound eyes and legs efficient for
catching. They may be serving as an inportant step in transfer of energy

and food fromthe small filter feeders to the active vertebrates.
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Use of larger’ a=zooplankton as food:

The conmon Hyperiid Amphipod Parathemisto libellula is of |esser

inportance in the diet of auklets around Saint Lawence Island, but it is

very inmportant in the diet of kittiwakes and Thick-billed Murres in other
parts of the Bering Sea and @ulf of Al aska.

A variety of genera of Gammarid Amphipods are epifaunal and infaunal
menbers of the benthic community. The sandy bottom characteristic of the
Anadyr Strait and the Bering Strait Region is suitable for extensive benthic
conmuni ti es which include the benthic amphipods. These would seem to supply
an inmportant source of food to larger animals, fromwaterfow in shallow
water to Gray Whal es arcund Saint Lawence |sland and on the Chirikov Ranp
south and southwest of King Island. Their inportance is still not known or

docunent ed.

5.  Some (bservations on Transfer of Energy to Higher Levels in the Saint
Lawence Island Waters and the Bering Strait:

Benthie invertebrates are available in the western waters. Seabirds
apparent|ly depend on benthic gammarids and mysidea when they first conme back
in spring. Gammarids and Polychaete worms are known to be inportant
resources for marine waterfow and are presumed to be inportant for
demersal flatfish, arctic cod, Bearded Seals, and Gay Wales which are benthic
feeders in the areas of deeper sedinents around Saint Lawence Island along
the Chirikov Ranp and in the southern Chukchi Sea. The Lamellibranch

molluses of these same sedinents provide the bases for the |arge Walrus

popul ati ons.

In addition to the benthic systenms, these denser western waters
support a rich pelagic system Bédard(1969) described the “ever-doni nant

copepods Pseudocalanus, Metridia and the copepod and barnacl e nanplii, all of
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which are so tiny that they would require special filtering apparatus
to be fed upon.”

Johnson (1953) described the |arge populations of larvae of a nunber
of bventhiec invertebrates which floated in the waters of the Norton Basin
in late spring and summer. Mbst numerous were Echinoid |arvae. Echino-
pleuteus and Bipinnarian |arvae of Sea Stars were especially abundant in
the warmer Al askan Coastal waters; but Ophiopleuteus |arvae of Brittle
Stars were widely distributed to the west. Larvae of Lamellibranchs
were nunerous from Nome to Siberia. Barnacle |arvae were widespread and
wel | represented. The Chaetognath Saritta was abundant all across the
region. The appendicularian Oikopleura was nunerous in oceanic waters
and was replaced in Al askan Coastal Waters by Fritilaria.

These small| zooplankton are the basis of energy transfer from

phytoplankton to vertebrates, the larger copepods Calanus and Pseudocalanus

being carnivorous on forms such as these and the snaller copepods. The

Euphausi i ds Thysanoessa feed on copepods and, one presunes these |arvae

to some extent, while the larger Parathemisto are general carnivores

Bédard reported that the seabirds shift their diet frombenthic forns
to | arge calanoid copepods and Euphausiids as soon as these appear in
spring. He described the diet of auklets in the Anadyr Strait according
to observations 1964-1966. Searing (197'7) nade sone additional comments
based on his observations at Kongok Bay in 1976.

Upon arrival in June, Least Auklets depended heavily on epibenthic

Gammarids, Mysids, young stages of the Hyperiid Amphipod Parathem sto

Calanus finmarchicus, and some of the southern Bering Sea forms: (Calanus

(Neocalanus) cristatus and Eucalanus bungii. Duri ng the egg-laying period
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they fed on Caridean Decapod |arvae, Gammarids, young stages of Parathemn sto,

and sone Calanus finmarchicus. They brought al nost exclusively Calanus

finmarchicus to their young (some C.

cristatus, young Euphausiids

(Thysancessa) and Parathenisto were al so brought).

Crested Auklets depended on epibenthic Mysids and Gammarids on arrival

in spring. The auklets shifted to Euphausiids as soon as these appeared,

t hough they took_Calanus finmarchicus, Parathemisto and Cari deans as
alternatives. Bédard found that when they were feeding young, they
brought al nost exclusively Thysanoessa (both T. inerms and T. raschii).
In1976, Searing found Least Auklets and Crested Auklets feeding on

Calanus (Neocalanus) plumchrus at Owalit Mountai n/ Kungok Bay, west of

the Southwest Capes. Hs findings differ sharply with Bédard's of 1964-
1966. Bedard worked at Gambel, at the exit of the Anadyr Strait, while
Searing worked at the southern entrance. Searing suggested that the
differences mght reflect: 1) differences between the years; 2) differences
between the two places; 3) confusion in taxonomy (i.e., sonmeone msidentifying
copepods).

Parakeet Auklets, on arrival, fed on Grarids. In July, they fed on

Mysids, Cal anus cristatus, and sone Thysanoessa, and during egg-laying

period, on Parathenmisto. In addition to the crustacea, they took

Cephal opods, Pteropods (Clione), and fish larvae (especially Cottids,

Amodytes, and flatfish), and Polychaete worns (see Figure 8, from

Ainley and Sanger, 1979).

6. Gradients in the Cccurrence of Larger Zoopl ankton Towards the North
Bédard (1969) found that the auklets in the Saint Lawence |sland

waters fed on approximtely equal numbers of Thysanoessa inerms (the
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Figure 8.  Schematic food web of the Parakeet Auklet in the
eastern Bering Sea.  From Ainley and Sanper (1979):
figure 2 (based on Bédard 1969 and Dunbar 1946).  Arrow
sizes indicate relative inportance of prey and Roman
numetals refer to prey sizes.
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southern element). Bédard found Amphipods taken by the auklets were

primarily Parathem sto libellula; Parathemisto pacifica occurred only

in small nunbers. English’s reports (1966) from the southern Chukchi
Sea indicate that T.inerms drop out of the marine system and it appears

that in the Bering Strait Region, P. libellula and Thysanoessa raschii

meke up the nmajority of the food supply of the predators on |arger zoo-
pl ankton (e.g. Crested Auklet, Parakeet Auklet, Pigeon Guillenot,
Kittlitz's Murrelet, Thick-billed Murre, and Bl ack-1egged Kittiwake).
One presunes that a number of bottom and mid-water fish also depend on
t hem

It is interesting to see that according to these notes on foods, the
Crested Auklets at Kungok Bay, southwestern Saint Lawence Island in 19 76,
were feeding on the smaller Calanoids and caught few Thysanoessa. Thus ,
they woul d appear to be vulnerable to shortages of the preferred food,
whi |l e Least and Parakeet Auklets would be nuch |ess affected by failure
of the Euphausiids. Crested Auklets are reported to ke subject to large
changes in their populations sizes in the Aeutian Islands; this would
be consistent with a variable food supply. Also, Least Auklets, depending
on snaller prey, have a nore diverse and abundant food base (Schoener 1965).
The effects of the decrease in numbers of Euphausiids as conpared to
Calanoid copepods, and/or the increase in unreliability of the resource,
may be responsible for the increase in relative nunbers of Least Auklets
as conmpared to Crested Auklets in the Bering Strait.

It will be inmportant to understand further why all three auklet
popul ati ons decrease so sharply north of Little D onede Island (see Appendi x

V., and main body, Section IV). This is the case, despite the presence
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further north (north of Cape Lisburne) of appropriate food organisns (such

as Calanus cristatus, C. finmarchicus, Eucalanus bungii, Neo Mysis,

Parat hemi sto 1ibellula, gmarids, Thysanoessa inerms, T. raschii and

Pandalus goniurus), according to a report on md-water trawms in this

region (Wng and Barr, 1977). Benthic feeding organisns, e.g. Bearded
Seals, Walrus and Gray Whales, feed extensively in the southern Chukechi
Sea, so there must be sone inportant changes in conditions in the nid-water

and surface water.

D. Fi sh

1. Methods and Overview

Wolotira (1977) and Barton (1978) surveyed ground fish (demersal)
and md-water and surface fish (pelagic) of the Bering Strait Region. They
were interested in the commercially valuable fish and the gear they used
(otter traws, md-water gill nets, and beach seines) was designed to
assess fish stocks available for human exploitation. Their sanples
probably do not measure the abundance and distribution of fish available
to seabirds.

Their results suggest that the fish fauna of the A askan Coastal Waters
is denmonstrably different from that of the Bering Shelf Waters. Sanples
were not taken far enough west to sanple Anadyr Water representatively.

The follow ng fish were nost abundant in areas within Al askan Coastal
Wt ers: Pacific Herring, Sand Lance, Saffron Cod, Arctic Cod, and several
flatfish: Starry Flounder, Al aska Plaice, Yellowfin Sole, and Longhead Dab.
The following were nore abundant in Bering Shelf \Water: Snpailfish,

Walleye Pollock, Capelin, Bering Fl ounder, and Shorthorn Sculpin. |t js
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not clear whether the differences reflect depths to the bottom the nature
of the bottom sedinents or the water colum.

Al t hough both Saffron Cod and Arctic Cod were nbre numerous in neritic
waters than offshore, Saffron Cod is much nore nunmerous than Arctic Cod in
the warnmer waters of Norton Sound (Table 3). This conforms to our observa-
tions of the frequency of Saffron Cod in stomachs of Conmon Mirres shot
near Bluff and the frequency of both Arctic Cod and Saffron Cod in stomachs
of murres shot near Cape Thonpson (Swartz 1966).

pacific Herring was abundant enough in Norton Sound during the years
1968, 1969, 1971, and 1974, to support an inportant Japanese gill net
fishery. The fish were scarce in 1976 and subsequent years, and were
sel dom seen in the diet of the seabirds at Bluff. One wonders whether
herring nmight appear nore frequently in the diet of seabirds of Norton
Sound when the herring popul ations are |arge.

Capelin occurred in the fisheries sanples at the nouth of Norton Sound
and this fish, which is of great inportance to seabirds in the Qulf of
Al aska and North Atlantic, appeared in small nunmbers in our few sanples

from Sledge Island. They are absent from our samples from Bl uff

2. Some Relevant Data from Fisheries Surveys

In the follow ng section we include a precis of data reported by
fisheries studies. These show the distribution and relative abundance
of the nost nunmerous fish in the Norton Basin according to the techniques
of sanpling used in the studies. This is one neasure of abundance, but
it is not clear howreliable it is for assessing the food available to
seabi rds.

It is clear fromour studies that while the absolute abundance of the

species as indicated by the fisheries sanple sets a lower limt of use, the
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birds are selecting fish with little relation to the absolute abundance
alone. Mbst abundant species are not used and the nost frequently used

fish are not outstandingly abundant.

a. Relative abundance of the twenty nost abundant fish in the Bering
Strait Region:

The following table and charts are taken from Wolotira, 1977. The
data were collected using a “denersal traw” (otter trawl or drag) towed
at 3.5 knots for an average distance of 1.65 nautical mles. Data were
also collected using a “pelagic traw” (md-water trawm) towed at 4.5 knots.

Rank order of abundance indicates which species are npbst abundant.
Compari son among the tables shows how the relative abundance changes between
the regions of the study: a) the Southeast Chukchi Sea; b) Kotzebue Sound;

C) Chirikov Basin, north of Saint Lawence Island; and d) Norton Sound. Note
that these are fish which occur in the mddle of the water colum or on the
bottom  One would not expect Sand Lance to be well represented, both because
of the places fished and because of the size of nesh used.

Al though a few species are represented abundantly in all sanples, they
exchange positions of predominance. Note that a few species are really
abundant, several are noderately abundant, and nmany are infrequent.

This is the phenomenon of exponential decrease in relative abundance of
species reported first for plants (d eason 1920), but observable in most
faunas as well as floras (Preston 1948).

The size of sanples taken in the several areas differs, but because

we have presented the proportion of the fish catch per unit effort the

data are conparabl e.
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Table 3 . Relative abundance of thetwenty most abundant fish in the
Bering Strait Region, from welotira (1977), Tables VII1-15-18, pages
109-112; fisheries data collected on vessel MIler Freenman.

Rank order of abundance of the 20 nost abundant fish taxa in
a) the southeastern chukchi Sea (subarea 1, siM/ocs survey, 1976);
b) kotzebue Sound (subarea 2, BiMfocs survey, 1976);
c) the northern Bering Sea, north of St. Lawence Island
(subarea 3, siM/ocs survey, 1976);
d) Norton Sound (subarea 4, BIM/0CS survey 1976).

a) southeast Chukchi Sea b) Kot zebue Sound
Proportion of Proportion of
Rank Taxon fish cpuEl Rank Taxon fish crugl
1 Starry flounder 0. 205 1 Pacific herring 0.404
2 Pacific halibut? 0.118 2 Saffron cod 0. 235
3 Saffron cod 0.114 3 Toothed snelt 0.184
4 Pacific herring 0.096 4 Aaska plaice 0. 037
5 Arctic cod 0.076 5 Starry flounder 0.028
6 Shorthorn sculpin 0. 067 6  Yellowfin SOl € 0.023
7 Aaska plaice 0.058 7 Arctic cod 0.021
8 Unidentified snailfish 0. 050 8 Polar eelpout 0.010
9 Toothed smelt 0. 037 9 Arctic staghorn sculpin 0. 009
10 Pol ar eelpout 0.031 10 Antlered sculpin 0.008
11 Walleye poliock 0.030 11 Bering flounder 0. 008
12 Bering flounder 0. 027 12 Wattled eelpout 0. 006
13 Arctic staghorn sculpin 0.021 13 Slender eelblenny 0. 006
14 Yellowfin Sol e 0.013 14 Shorthorn sculpin 0. 004
15 Sturgeon poacher 0.012 15 Longhead dab 0.004
16 capelin 0.012 16 Unidentified snailfish 0. 002
17 Antlered sculpin 0. 008 17 Ribbed sculpin 0. 002
18 Wattled eelpout 0. 007 18 Sturgeon poacher 0. 002
19 Belligerent sculpin 0. 005 19  capelin 0. 001
20 Sl ender eelblenny 0.004 20 Belligerent sculpin 0.001
Lproportion Of catch 2Total catch for this 3proportion of catch
per-unit effort, total species = 1 large fish per unit effort, total
fish only. Fish CPUE "(44.2 ko). fish only. Fish cpug =
2.70 kxg/km trawl ed. 5.44 kg/ka traw ed.
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Table 3 |

cont i nued.

c) northern Bering Sea, north of
s¢. Lawrence |sland

Proportion of

d) Norton Sound

Proportion of

Rank Taxon fish CPUE Rank Taxon Fish cpugd
1 Saffron cod 0.433 1 Saffron cod 0.604
2 Shorthorn sculpin 0.205 2 Starry flounder 0.168
3 Starry flounder 0.071 3 Yellowfin SOl e 0.053
4  Toothed smelt 0. 056 4 Aaska plaice 0.032
5 Pacific herring 0. 027 5 Plain sculpin 0. 026
6 Alaska plaice 0. 026 6  Toothed smelt 0.018
7 Arctic staghorn sculpin 0.024 7 Actic cod 0.016
8 Arctic cod 0.024 8 Shorthorn sculpin 0.015
9 Plain sculpin 0.022 9 Pacific herring 0. 009
10 Pol ar eelpout 0.020 10 Arctic staghorn sculpin 0.008
11 Yellowfin sole 0.014 11 Fourhorn sculpin 0. 007
12 Unidentified snailfish 0.013 12 Antlered sculpin 0. 007
13 Belligerent sculpin 0.010 13 Polar eel pout 0. 006
14 King salnon 0. 007 14 Longhead dab 0. 006
15 capelin 0. 006 15 Slender eelblenny 0. 005
16 Antlered sculpin 0. 006 16 Sturgeon poacher 0.003
17 \lleye pollock 0. 005 17 Wattled eel pout 0.003
18 Bering wolffish 0. 005 18  Arctic flounder 0.0(93
19 Sturgeon poacher 0. 004 19  Belligerent sculpin 0. 003
20 Longhead dab 0.004 20 Lunpenus nackayi 0.003

total fish only.
5.97 kg/km traw ed.

4proportion of catch per unit effort,
Fish CPUE =
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b. Distribution of sone of the nore abundant fish in the Bering Strait Region

The following charts are from Wolotira et al (1977), and indicate
where sone common fish were caught by otter trawls and nid-water traws.
Tney al so indicate, by the density of the hatching, the places where
the fish were nost abundant by weight. Exanmination of these charts
suggests sonme of the lower limts of use set by absolute occurrence of
the fish species. For exanple: a) Capelin occur in the Chirikov Basin,
but are very scarce in Norton Sound; one would not expect Capelin to be .
used extensively in Norton Sound, but they might be used at Sledge Island;
b) Saffron Cod are nore abundant in Norton Sound than in Kotzebue Sound
and Arctic Cod becone nore abundant in the cold water southwest of Cape
Thonpson.  One woul d expect murres feeding at Bluff to catch nore Saffron
Cod and those feeding west from Cape Thonpson to catch more Arctic Cod.
Note that the studies made in 1959 did not include sanples in Norton Sound.
c) Pricklebacks are indeed wi despread but are nowhere abundant. Therefore,
there nmust be special reasons why Pricklebacks constitute such a high
proportion of the fish brought to the cliffs by seabirds. One presunes
that the reason is that Pricklebacks are the npst desirable in terms of

bringing as large a fish as possible, of the nost efficient shape.

3. Fisheries Resources Dependent on the Detrital System
a. Demersal fish:

Despite the apparent abundance of benthos, demersal fish (bottom
living or ground fish) are relatively snmall and sparce in the Norton Basin.
It has been suggested that coldness of the water is responsible for there
not being any significant stocks of commercial fish. The dom nant species

of demersal fish are Saffron Cod ane Starry Flounder and Yellowfin Sol e
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Table 4

Rel ati ve Abundance of Inshore Pelagic Fish in Inner Norton Sound

In percent conposition of the catch nade by beach seines
and floating and sinking gillnets - after Barton, 1978

GOLOVI N BAY CAPE DENBI GH TO STEBBINS
Sand Lance, 81% Boreal Snelt 37%
Pi nk Sal non 6% (6% juv.) Saffron Cod 17%
Chum Sal non 2% (2% juv.) Sand Lance 9%
Boreal Snelt 2% Pacific Herring %
Saffron Cod 2% Bering Cisco 4%
Pond Snel t 2% Starry Fl ounder /A
Least Cisco % Arctic Flounder 4%
Hunpback Witefish 1% Arctic Char 3%
Bering Poacher 3%
Pi nk Sal non 3%
Pricklebacks 2%
Least Cisco 29
Pond Snelt 1%

Frequency of occurrence is the percent of the stations at which each species
was found.

Rel ative abundance is the percent of the total finfish captured represented
by the total of individuals in the species.

Gl nets were set for 8-10 hours. They were 640 neters |ong and made up

of 7 shackles or shots.

These data were collected in ways suitable for investigating the fishes
at the surface where kittiwakes and puffins fish, and indicate the relative
abundance of some common fish. The results, from Barton (19'78), are
consistent with the results obtained by Wolotira for bottom fish, nanely
that the birds are selecting their prey, not necessarily catching the

most abundant speci es.
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PACIFIC HERRING

.M/0CS BASELINE SURVEY
PT.~OCT. 1976
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Figure 9 . Distribution and relative abundance by weight of Pacific
Herring in Norton Sound, the southeastern Chukchi Sea and
adj acent wat ers (BIM/OCS survey, 1976) ; from Wolotira et
al., 1977, Figure VII1-59, page 152.
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TOOTHED SMELT

BLM/OCS BASELINE SURVEY
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Figure 10 . Distribution and relative abundance by weight of Toothed Snelt

in Norton Sound, the southeastern Chukchi Sea and adj acent

wat ers (BLM/OCS survey, 1976); from Wolotira et al., 1977,
Figure VII1-65, page 163.
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CAPELIN
- BLM/CCS BASELINE SURVEY
SEPT. - OCT 1976
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Figure 11. Distribution and relative abundance by weight of Capelin
in Norton Sound, the southeastern Chukchi Sea and adjacent
wat ers (BLM/OCS survey, 1976); from Wolotira et al., 1977,
Figure VII1-96, page 215.
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Figure 12 Distribution and relative abundance by weight
in Norton Sound,
wat ers (BLM/OCS survey,

Figure VII1-83, page 195.

of Arctic Cod
t he sout heastern Chukchi Sea and adj acent
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ARCTIC COD

_ AEC suURVEY
JULY -AUG. 1959
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Figure 13. Distribution and relative abundance by nunbers of Arctic Cod
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in the southeastern Chukchi Sea during 1959; from Wolotira

et al.

1977, Figure |X-1, page 273.
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SAFFRON COD

BLM/0CS BASELINE SuRVEY
SEPT ~0OCY 1976
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Figure 14, Distribution and relative abundance by weight of Saffron Cod
in Norton Sound, the southeastern Chukchi Sea and adj acent
wat ers (BLM/OCS survey, 1976); from Wolotira et al., 1977,
Figure VI11-45, page 127.
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SAFFRON COD

AEC SURVEY
JULY - AUG. 1959
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Figure 15 . Distribution and relative abundance by nunbers of Saffron Cod

in the southeastern Chukchi Sea during 1959; from Wolotira
et al., 1977, Figure |X-7, page 280.
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PRICKLEBACKS

BULM/OCS BASELINE SURVEY
SE PT -QCT 1976
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Figure 16, Distribution and relative abundance of Pricklebacks in
Norton Sound, the southeastern Chukchi Sea and adj acent
wat ers (BLM/OCS survey,

1976); from Wolotira et al., 1977,
Figure VII11-23, page 87.
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(Limanda aspera). Cod usually move inshore in the fall and during the

winter Arctic Cod or Blue Cod (Boreogadus saida), as well as Saffron or

Tom Cod, becone available to fishernen. Cod usually move offshore in
spring when many flatfish such as Yellowfin Sol e nove inshore. During the
sumer nost demersal fish are present in highest densities in outer Norton
Sound west of a line from Stewart Island to Cape Darby. Beyond the front
at the nouth of Norton Sound, the border between the Al askan Coastal Water
and shelf water, the waters are of |ow inportance for comrercial demersal
fish.

Spawni ng of Yellowfin Sole is thought to be in late spring; the
eggs are pelagic (float). During the 1976 survey of demersal fish a
very large proportion of the young were found in mid- and inner Norton
Sound, and no young Starry Flounder (less than five and six years old) were
found .

Al though Pacific Sandlance is considered a demersal fish by fisheries
bi ol ogists, the species is a major itemin the diet of surface feeding
seabirds. According to the behavior of these seabirds and the schedul e
of appearance of Sand Lance as food, the fish nove on shore in late July and
move progressively eastward with the season. Sand Lance is especially
abundant according to fisheries surveys near Port Clarence/Grantley Harbor
off Bluff, and at Golovin.

b. Pelagic fish:

Al of the dom nant pelagic fish are abundant and well enough
di spersed to be used for subsistence and to be inportant elements in the
diets of marine mammals. The donminant pelagic fishes include four species

of Sal nmon Oncorhynchus (primarily Chum and Pink; sone Coho, and rarely
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King), Pacific Herring Clupea harengus pallasi, Toot hed or Rai nbow Smelt,

Osner us eperlanus (mordax) and Capelin Mallotus villosus. All are

schooling species with clumped distributions, primarily in eastern Norton
Sound. Although nuch information is available on their general biology,
little information is available on them for Norton Sound.

In the winter Salnon probably occur offshore, south of this region.
Adults and juveniles are found in the nearshore zone of Norton Sound
throughout the ice-free season. Adults appear in January, and juveniles
are found in the lower reaches of all rivers during late spring and summer.

Norton Sound apparently supports large nunmbers of the immature fish
of many northern Bering Sea species. Sonme forms such as Arctic Cod spawn
under the ice and their eggs develop slowy. Ohers such as Herring,
Capelin, Smelt and Saffron Cod nake heavy use of enbayments, estuaries and
| agoons for spawning and growth of early stages. For all of these the
shallow, |owsaline waters of inner Norton Sound and the coastal |agoons

may be inmportant links in their life histories.

E. Mirine Birds

1. As one goes east from Cape Nome Common Murres, Black-legged Kittiwakes,
Pel agic Cornmorants, and Horned Puffins make up the seabird popul ations.
Qll, Cornorant, and Puffin nesting aggregations are smaller and scattered
along the coast on small headlands. Instead of nesting in isolated pairs,
Arctic Terns gather into large colonies. Aleutian Terns are present as
well. Chum and Pink Salnon run the rivers in early summer and as a
consequence G aucous @il ls gather along the rivers and shorelines in mid-
and late summer. Most waterfow migration consists of geese and freshwater

ducks . Whistling Swans, Canada Ceese, Pintail, Bal dpate, and Greater Scaup
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are nunerous in the |ower reaches of rivers that flow into salt marshes

or send out distributaries onto broad mudflats. These waterfow congregate
in late July and large numbers persist into late Septenmber (see Miin Body,
Section VIl on Coastal Habitats). On the uplands, the tundra vegetation
is wetter and taller as nore shrubs, including blueberries, grow east

of Golovin, White Spruce grows.

In Norton Sound and the rest of the Al askan Coastal Water, the pre-
dom nance of fish-eating seabirds and virtual absence of crustacean eaters
(with the exception of small nunbers of Parakeet Auklets which have a
diverse diet) would appear to be related to available food. Norton Sound
is a detrital system Lack of larger copepods may be a reflection of
| ess dense water and a lack of suitable floating green plants for them
and hence, Euphausiids, and Anphi pods are absent as well. Sone planktonic
and benthic crustacean food (small copepods, Cladocerans and detritus-
feeding nysids) must be available to small “silver fish.” The small fishes,
Herring, Rainbow Smelt, Salnmon snelt, Saffron Cod, and especially Sand
Lance, provide food for the Common Mirres, Horned Puffins, and Kittiwakes.
2. As one goes west from Cape None along the southern shore of the Seward
Peninsula, nigratory seafowl (King Eiders, Oldsquaws, and Bl ack Scoters)
are numerous in spring. Auklets become conspicuous elements of the seabird
fauna west of Sledge Island and’ Thick-billed Murres are a major percentage
of the murre population. On |and beyond Cape Woolley, tundra vegetation
becomes progressively lower and nore scattered and the waterfow of fresh
water and |ow and tundra becone progressively sparser.

Long sandy barrier beaches cut off productive |agoon systenms beyond

Cape Prince of Wales along the northwest shore of the Seward Peninsula and
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the shore between Xotzebue and the Lisburne Peninsula. The inlets are
sites of nesting Arctic Terns and small groups of daucous Gulls and Mew
Qlls , and near Shishnaref, Sabine's Qulls. The |agoon nargins provide
nesting sites and nolting grounds for loons and waterfow . The sand dune
hol | ows provide nesting grounds for shorebirds (sandpipers, curlews,’
phalaropes) and waterfow . Fornerly, nesting geese were abundant in sone
places. The few seacliffs in southern Kotzebue Sound are sites of small
cities of murres and kittiwakes, and the till-covered islands south of
Kot zebue support large nesting populations of Horned Puffins.

Most of the Iowands are vegetated with bushy wet tundra vegetation.
The vegetation of the uplands is sparser; |ow places are grassy and sedgy.
The uplands of all of northwest A aska are nesting grounds for shorebirds
(godwits, turnstones, surfbirds, plovers).

Alnost all of the nesting birds from the uplands, |ow ands, and narshes
(l oons, ducks, geese, swans, sandpipers, plovers, phalaropes, gulls, terns,
and cranes) gather on and around the coastal |agoons at some part of their
annual cycle, making use of some part of the high biological productivity.

At the northern limt of the Bering Strait Region the cliffs of the
Li sburne Peninsula supply breeding sites for seabirds. Sone use the
productive waters along the convergence of the Bering Shelf Water and
Al askan Coastal Water off Cape Thonpson, where Arctic Cod is abundant.
G hers depend on Sand Lance, which seens to be associated with Al askan Coast al
Water sout heast of Cape Thonpson and northeast of Cape Lisburne toward
Poi nt Lay.

The nultitudes of seabirds associated with these cliffs suggest that
the waters further northeast along the Arctic |low and would support abundant

seabirds if there were cliffs for themto breed on,
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F. Marine Manmal s

Marine mamals are relatively inconspicuous in Norton Sound, other
than small seals and Walrus that drift past on the outer edge of the
drift ice in spring. Spotted Seals spend the summer in eastern Norton
Sound. The other seals leave. The shoals of Sand Lance do not seem
adequate or dependabl e enough to attract significant nunbers of narine
mamals into the waters east of Sledge Island. Norton Sound, however, is
the range of one of Al aska’s major herds of Beluga Wales. Their presence
may be associated with the large area of open water, polynya, that is
reported to exist off the Yukon Delta in winter. Cccasionally porpoises
and rarely Minke Whal es appeapr.

The region of the Saint Lawence Island Waters, Chirikov Basin, Bering
Strait, and southern Chukchi Sea is the site of spring gatherings of 120,000
Wal rus and sunmer gatherings of some 15,000 Gray Wales. According to
Braham (1978) the two species, Walrus and Gray \hale, combine to form biomass

inthe order of trillions (1012) of kilograms. The area to the west is the

range of ' fornmerly large nunbers of Bowhead Whal es , Finback

and M nke Wales. These surface feeding whales are now sel dom seen. At
present only the benthic-feeding Walrus and Gray Whal es are conspicuous.
Herds of Walrus feed in the areas south and north of Saint Law ence Island
where eddi es allow collection of sedinments and benthic invertebrates. They
float north through the Bering Strait on drift ice and spend the summer
feeding on the benthes in the southern Chukechi Sea. Bearded, Ringed, and
Spotted (Common) Seals, which feed prinmarily on fish and crustacea near

the bottom are numerous and conspicuous on the spring ice. One wonders

whet her the decrease in plankton-feeding Bowhead and Finback Whal es has had

an effect on the crustacean food available to auklets.
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The Strait appears to form the southern limt of the Polar Bear’s
wi nter distribution.

Johnson, Fiscus, Ostenson, and Barbour (1966) i ndicate that the ice
sout heast of Point Hope is especially favorable for Bearded and Ringed
Seals. This area is along the edge of the Alaskan Coastal Water where it
sheers against the Bering Shelf Water.

The novenment of Bowhead WWal es past Point Hope in April and My is now
an event of international inportance. Bowhead \Wales are reported from
the Siberian side of the Chukchi Sea only in COctober, but a large herd of

Gay Whales is known to summer there.

G Human Settl enents

In the southeastern part of the region the Eskinos of the Yukon Delta
area speak Yupik. Traditionally, they are river people and depend on river
runs of salnon for food for thenselves and their dogs, and on waterfow,
caribou, and to sone extent small seals for food and clothes.

When first visited by Zagoskin, innernost Norton Sound from Unalakleet
to Koyuk was an area of interchange between northern Eskinos, southern
Eskinos and Indians frominland. People from the Yukon River came overland
to Unalakleet for trading and there, as in the | ower Kuskokw m River,
tolerant interactions occurred between Athapascan I ndi ans and Eski nos.

People from the Noatak and what is now Kotzebue cane down the river drainage
system behi nd Buckland to Koyuk. So, Athapascans, Yupi k speakers, and
I nupi at speakers net and to some extent exchanged goods and ideas.

Inupiat is the primary language at Koyuk and west along the south shore

of the Seward Peninsula; but Yupik influence is evident in many ways, such

as t he barabaras (sod houses) and intermarriage with people fromthe delta.
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At Cape None there was a large prehistoric village that made significant
use of whales. West of Cape Nome the Inupiat people traditionally depended
primarily on hunting sea manmmals and seabirds for food and clothes. Smaller
seal s, Spotted and Ringed, are common and the |arger Bearded Seal and
especially Walrus were itens of mmjor social and econonic inportance. The
peopl e at Ayak (Sledge Island), Ukivok (King Island), and Ignalook (Little
Diomede), and presumably those at Big Dionede and Wales, devel oped a culture
whi ch depended primarily on hunting sea mammals by traveling across the
sea ice that was drifting around in the Saint Lawence Island waters.

Their ability to travel and to survive in this nost inhospitable of
environnents was a peak of ecological adaptation. Few, if any, now
practice the old way of life. A though many hunt out on the ice, they
are now heavily dependent on white man’s technol ogy even for this.

Traditional settlements in this western part of the area consisted
of a number of relatively large (100-125 people) settlenents and many snall
mobil e groups of single or several famlies. \Waling, primarily for the
Bowhead, was inportant at western Saint Lawence Island and at Point Hope,
and a conplex social structure enmerged, responding to the opportunities
provided by this special food supply. Al though traditionalists suggest
that whaling was pursued for thousands of years in this region, other
analysis indicates that whaling is relatively recent. It seens to have
appeared about 1000 years ago, when the technology of tying strings of
seal skin bladders on long thongs to the harpoon strings diffused into the
region from Japan. According to Ray (1976), whaling was relatively
uninportant in the settlements within the narrow Bering Strait; that is,

King Island, the Dionede Islands, and Wales. The people of King Island
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reportedly left the island in the sumrer, dispersing to use resources on
the western coast of the Seward Peninsula. The fact that the main Eskino
settlement in Grantly Harbor was traditionally at the nouth of the Tuksuk
Channel rather than at the present site of Teller may have been a result

of acconmodation between the local people and the depredations of summer

travelers from King Island.

Al though whaling was pursued by the Eskinos at both limts of this
area, Saint Lawence Island and Point Hope, the |anguage groups of the two
are different. The people of Point Hope, Kotzebue Sound, the Dionede Islands,
Wiles , King Island, and the coast of the Seward Peninsula as far as Koyuk
and Unalakleet speak Inupiat, the |anguage of the Eskino of the Arctic
Coast of North America. The people of Saint Lawence Island, however, speak
a Siberian formof Yupik. It seenms probable that this separation depends on
relatively recent tribal movenents, i.e. , the western end of Saint Lawence
is within sight of Eastern Siberia and is quite remte from the Seward
Peninsula and associated islands. It would seem contrived to argue that the
separation reflected some inmportant ecological barrier.

The settlenments at WAl es were, one presunmes, dependent on sea mammals
and waterfow. It is not clear whether they were able to nake an accommmo-
dation with the people of Little Dionmede to crop the island’ s seabirds, but
it isunlikely. Early reports indicate that the Eskinps of Wales led a
mar gi nal exi st ence.

The entrances to the large lagoons on the northwest shore of the Seward
Peni nsul a such as Shishmaref are traditional village sites. Part of the
resources formerly at Shishnmaref was a breeding popul ation of geese, now

ext erm nat ed.
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The deltas of the Noatak and Kobuk Rivers resenble the Yukon Delta, and
supplied fish and waterfowl resources for the people of the broad |ow ands.
The peeple of these rivers had access to caribou and sheep fromthe hills.
Diverse resources from the sea and uplands were apparently available to the
peopl e from Sheshalik, Kivalina, and Point Hope.

The peopl e at Point Hope (Tigara) were close to natural polynya,
to ice productive for seal hunting, to the seabirds at Cape Thonpson
(Eesook and Imnikpuk), and to Bowhead and Beluga \Wal es migrating al ong
| eads in the spring.

A former community at Wevak, now destroyed, was probably associated
with the bird cliffs at what is now called Cape Lisburne. As Tuck (1960)
pointed out, natives consistently have abandoned summer villages at the
foot of bird cliffs as one of the first effects of rising standards of

l'iving.
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APPENDI X V.
DI STRIBUTI ON OF BIRDS AT SEA

A | ntroduction

The patterns of distribution of birds at sea provide good indicators
of the inportant features of their worlds. Seabirds’ lives are determn ned
by conditions at sea and the biological characteristics controlled by water
masses. They cone to land only to breed.

Qur data were collected in the course of survey flights over the Saint
Law ence |Island waters, Jorton Sound, the Bering Strait, and the eastern
Chukchi Sea north to Point Lay. The tracklines of our survey flights are
shown in the figures in Section Din this appendix. W planned our flights
so that each line had a fixed starting point and ending point identifiable
by topography, e.g., from Sl edge Island to King Island, fromKing Island
to Wal es Mountain, fromKing Island to Savoonga on Saint Law ence |sland,
or fromthe Northeast Cape of Saint Lawence Island to Sledge Island
(Figure A, see also Figures B and C). W surveyed these routes twce
in 1977 and three times in 1978.

At 120 knots the plane noved about 10 nautical miles (10 minutes of
latitude) in a 5-minute period. Using the 30° angle of observation--60°
below the horizontal--the observers on the two sides of the plane flying
at about 120 feet altitude have surveyed about 1 square kilometer of water
surface. These averages are affected by head winds or tail winds, but we
can conpensate for these effects because we know precisely where each
survey trackline started, where it stopped, and how long it took to fly

that leg. The details of our techniques are explained bel ow
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B. Met hods
1. Surveys

a) Vehicles. The obvious vehicles for surveying the northern
Bering Sea looking for seabirds are ship and aircraft. Each has its advantages,
but clearly aircraft was preferable for the work we did. Aircraft allows
for rapid coverage of a large area of ocean in order to find where birds
occur and the patterns in which they occur, i.e. , whether dispersed or clunped.
Compared to an airplane, any ship will be very slow, and thus is less suitable

general pattern of
for locating the/birds at sea. Once we know where the birds gather we can
then ask questions which mght be answered by detailed work such as from
shi pboard. Ships are well suited for close observations of behavior of birds
on the surface, such as feeding behavior, and are the best platforns for
shooting birds to collect stomachs. Wrk aboard ship conplenents the work
that can be done fromaircraft.

b) Types of Aircraft. For prolonged flights over the ocean

it is necessary to have a tw n—engine plane; for maeking transects it is
inmportant to have clear visibility from the passenger seats as well as
co-pilot seat. Wth two observers, duplicate information can be obtained
from the observers on each side of the aircraft. In 1976, we used a deHaviland
“I'slander” operated by Minz Northern Airlines out of Nome. This plane provided
excellent visibility fromthe co-pilot's seat, but poor visibility fromthe
passenger seats.

We tried the Cessna 336 in 1976, using a plane flown by None Flying
Service, and it proved to be very satisfactory. Though we had made arrangenents

to use this aircraft in 1977, when we arrived in None we |earned that the plane
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had been sol d. W then nade arrangenents through Donald O son of Golovin
to charter a 336 from Arctic Aviation of Kenai during June and August of 1977.
The plane was based in Kenai and we paid for 10 hours of “deadhead tine” for
each set of survey tracklines. Al though we were given an excellent price,
the lost time and the inconvenience led us to make special arrangements in
1978 with Donald A son. This arrangement proved to be excellent.

c) Limtations of survey by aircraft. The nost serious

limtations set on aircraft surveys are 1) that U S aircraft are excluded
fromthe western half of the area which we would like to study; and 2) that
navigation in aircraft is nuch less precise than on shipboard. Additional
limtations include 3) that it is difficult to maintain consistency of
transect width as the plane’s altitude changes; and 4) that identification of
some species is often difficult. Sone of these limtations are only apparent,
or can be overcome. One nust judge how fine-grained is the distribution of
birds at sea before one judges whether the navigation of the aircraft nust

be precise. The precision of detail one is trying to distinguish should
dictate how precisely the width of the transect and the altitude of the
aircraft must be maintained. W are convinced that by using aircraft we
collected much nore data than we could have from shipboard and that the

data are precise and rigorous enough to satisfy our objectives. Noreover,
expenses would increase several fold if we were to try to inprove the rigor.
Thus , it nmkes neither scientific nor economc sense to collect data of

any greater precision.
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Qur tracklines were, as we said, “anchored” on an identifiable “point
(deduced)
of departure” for our "ded"/reckoning. W planned the grid so that as few
lines as possible depended on extrapolated positions. Actual tracks over
the water could be deduced from points of departure and arrival, elapsed
times, and hence calculated rates of progress.

I nconsistency results fromthe effects of wind drift and anonalies of
the conpass headings of our plane. Not only are the magnetic courses in
this part of the world evidently approxinmate, but the deviation or declination
of the plane’s conpass was different on different headings. W anticipated
most of this difficulty by setting a gyro conpass at departure from the
airfield. W are confident that we have removed errors to the level of
“significant figures.”

2. Techni ques

a) lInstructions for shipboard transects have been provided
1) for use by the British Royal Navy; 2) by Germaine and Brown for use in
PIROP in western Atlantic water; 3) for use in the “Pacific Ccean Survey,”
and in Antarctic studies (Cline et _al. 1969); and 4) for use on “ships of
opportunity” during OCSEAP by Coulter, Heineman, and Wens and by Lensink's
group of the U S. Fish and Wldlife Service. Many people have discussed
the advantages and disadvantages of these systens. Al use standard periods
of watch, areas surveyed, and distances to which birds are counted.

For our shipboard watch we used 10-nminute periods, an arc of 90° on
one side fromdirectly ahead of the ship, and tried to identify in our counts

those birds which were within 200 nmeters of the ship. W reviewed our
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technique with Juan Guzman of the University of Calgary who was on Surveyor
when we did our transect work from shipboard. It is inportant to recognize
that visual acuity varies greatly. The acuity of one of our observers was
much less than that of the other observer. Attention span also varied.

b) On aerial transects we used techniques described by Craig
Harrison of the Coastal Ecosystems group of US. Fish and Wldlife Service.
We counted the birds seen within a swath from approximately under the aircraft
out to 60° fromvertical; we marked this point on the strut of the “336.” W
kept records for five-mnute periods (Harrison and others used two-m nute
periods) determned by a standard kitchen timer which rang a bell. This
timng mechani sm was accurate within 10 to 20 seconds.

In some places we also recorded birds seen “outside” the survey line,
but we did not enphasize this effort because our attention was distracted
fromthe inmportant area by |ooking “outside.” Lapses in attention may be
the most serious cause of failures in precision and consistency. The Fish
and Wldlife Service group had a “spare” observer to spell the other two.

Maintaining altitude was difficult. Altitude often varied between
90 feet and 140 feet and sel dom went bel ow 60 or above 160 feet. These
failures of consistency have their toll, but again we do not think that
they affect the conclusions we have drawn.

Indefiniteness in altitude affects size of the transect sanple and
our identifications. They affect conparing four murres with six murres, but
not comparing two with ten, twenty, or fifty. Birds dive ahead of the

aircraft if it flies too low and if the aircraft is too high Crested Auklets
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begin to resenble Least Auklets, and Parakeet Auklets can be confused with
murres. Several observers did not separate species of auklets for that
reason. The categories which we considered inmportant were: nmurres

aukl ets, ducks, puffins, daucous Qulls, kittiwakes, jaegers. There is no

confusion ambng these in our data.

O more serious concern is the effect of glare fromthe sun on one side
of the airplane which may seriously affect those counts. It is also inportant
that birds become highly visible when the sea is glassy calmin contrast to
when the surface is ruffled, marked with white caps, or boiling in current
rips. In our experience, however, our observations nade in the nost unfavorable
conditions conformto the pattern of those made when the situation is ideal

with the sea flat and the sky overcast.

. Results
In the follow ng paragraphs we point out and comment on sone

regularities in the distribution of seabirds in Norton Sound, the Saint
Law ence Island Waters (primarily the Chirikov Basin) and the southeastern
Chukchi Sea. [t must be realized that these statenents are based on a few,
superficial surveys of the area. W believe, however, that the correlations
offered by these results are sufficiently sensible and inportant to justify
organizing a systematic grid to be run regularly to establish the validity
of what we suggest. W& believe they are inportant because the correlations
are with clear elenments of the physical features of the area and with the
biol ogical structure of the systenms. In this way the seabirds are acting
as readily observed indicators of subsets of the biological and physica
oceanography of the Norton Basin.

1. Areas of Concentration of Seabirds

As we have said before, seabirds were nunerous west and north
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of King Island rather than to the east (see also Shuntov 1961).

a. There is an oval area in which one can expect to see 10 to 50 birds
per square kilometer. This area extends 100 kmto the south of King Island,
west to the International Date Line and beyond, alnmobst 25 km east of King
Island, and north to the Bering Strait. Inside that area there is a smaller
area, perhaps 75 kmfrom King Island to the south, in which one can expect
to see densities of up to 100 birds per square kilometer.

h. An area of very high density of seabirds, occasionally over 300
birds per square Kkilonmeter, is found south, southwest, and west of the
western end of Saint Lawence Island, extending out as far as the edge of
the air space in which we are allowed to fly. This concentration, 50-100
birds per square kiloneter, extends 50 kilonmeters north of Gambel. A zone
of lesser density, 10-50 birds per square kilonmeter, extends out 90 Kkiloneters
northeast from Gambel and 50 kil ometers north from Savoonga.

c. Another area of high density, up to 200 birds per square kilometer,
is found froma point 25 kiloneters south of Fairway Rock to 25 kiloneters
north of Little Dionede. (Cccasionally an area |ess dense, 10-50 birds per
square Kkilometer, associated with drifting ice, extends another 50 Kilometers
to the north of Little Diomede Island. Odinarily, the density drops off
sharply at 20-30 kilometers north of the island.

d. The mixing zone where the eastern edge of the Bering Shelf Water neets
Al askan Coastal Water, lies along a line from Northeast Cape on Saint Lawence
Island to a point about 30 kiloneters east of King Island. According to our
observations, drifting ice noving north concentrates along this convergence
and feeding seabirds (including crustacean feeders) and migrating waterfow
follow the line of pack ice. Another area of sea ice exists north of Saint
Law ence |sland where shelf ice persists after nost of the Chirikov Basin has

thawed. This seens to be related to the relative stability of shelf water in
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the lee of the island.

Qur observations indicate that the distribution of birds closely corres-
ponds to the distribution of sea ice in spring and of the cold, saline water
in sumer (see figures that follow in this appendix).

The relation of the observed distribution of seabirds to the findings
of fisheries biologists is obscure. In fact, the npst conplete report
available to us, that by Wolotira et al. 1977, shows that the conmercially
valuable bottom fish are concentrated in the warmer shallower water in
Norton Sound and are relatively less abundant in the deeper, colder western
waters. Anong the seabirds, the fish-eating species are evenly distributed
from east to west across the region and the plankton feeders are nore abundant
to the west. Thus , these findings do not correlate with any of ours.

2. Changes in the Distribution of Birds at Sea Through the
Sunmer _Season

These comments apply to our aerial observations over Norton Sound
and the Chirikov Basin. W did not run systematic surveys of the southeastern

Chukchi Sea.

a. In June, nost of the seabirds occur further east than they do later

in the season. This may be related to the concentration of drifting ice. In
the years when we flew, ice was east of King Island. W found an aggregation
of all three species of auklets along drift ice right in Norton Sound on
June 4, 1976. \When the ice is noving through, auklets occur northeast of
Savoonga, southeast and east of King Island. Wien drift ice was present in
the eastern Chirikov Basin there were proportionately fewer auklets west of
King Island (except for dense flocks of courting birds close to the island) ,
and in the Saint Lawrence Island area where there was little drift ice.

We do not know whether the main ice occurs sporadically west of King I|sland

and what the distribution of birds would be in that case.
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We saw nore murres at sea in June than we saw later; many of these
were in a cresent pattern fromsouth and southeast to east of King Island.
Murres were widely dispersed in June, while later on they gathered on a few
seemngly preferred fishing grounds. This nay be related to their feeding
early in the season on crustacea or Arctic Cod associated with the ice, and
| ater at concentrations of fish.

Waterfow (O dsquaw and Conmon Eiders, King Eiders and Black Scoters)
were seen flying along the edges of the drifting ice and in flocks in large
leads in the drift ice. Mgrating flocks of Black Scoters seenmed to follow
the edges of the windrows of drift ice as “leading lines”, that is, as if they
used the edges as a geographic feature to guide their mgration.

b. In July, we saw virtually no birds feeding between Sledge Island and the
Nort heast Cape of Saint Lawence Island.

Some murres and a few auklets feed in the area which lies half
to two-thirds of the way between Sledge Island and King Island. CQur few data
suggest that when the Gray Wiales are present in July they occupy the southwest
quadrant, and murres feed in an area to the southeast of King Island and in
another area to the northwest of the island. Murres also feed in large nunbers
sout hwest, west, and north of Gambel, and in an area from 20 niles south of
Fairway Rock to 10 miles north of Little Diomede. In this northern area we
have found the clearest evidence of murres selecting one body of water to the
exclusion of others. Wen we passed over a “front” marked by a slick and
sometimes by spindrift from one water mass into a water nmass of different
color, we occasionally passed from “many murres" to “none,” or vice versa.

In July, auklets were found in large nunmbers from Gambel to sout hwest of King
Island, in lesser nunbers west and northwest of King Island, and in very large
nunbers between Fairway Rock and the Diomedes and a short distance to the north.

At this season, we saw few auklets between King |Island and Savoonga.
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In July, the “balls” of Sand Lance arrived in the Al askan Coast al
Water off the Seward Peninsula, apparently noving into Norton Sound fromthe
west; feeding melées of kittiwakes, puffins, and a few nurres, associated
with these dense schools, occurred first off Sledge Island and later in the
season off Safety Lagoon and southeast of the Ciffs at Bluff.
C. 1n August, nurres persisted in the feeding grounds southeast of King
I sland and occurred all along the track fromKing Island to Gambel and beyond
into the Anadyr Strait. Murres also occurred north of King Island and in the
“front” waters near the Bering Strait. Mdderate nunmbers of auklets occurred

along a line

fromnorth of King Island to the southwest toward Gambel, the nunmbers becomi ng
heavy within 40 niles of Saint Lawence Island and near the Dionmede Islands.
Both murres and auklets were numerous in the Anadyr Strait west of Gambel
and to the southwest of Bunnell Cape on Saint Lawence |sland.

Large, dense flocks of auklets flying southwest were seen from Gambel
on Saint Lawence Island during all summer nmonths. This suggests that birds
fromthe nesting grounds near Gambel or Savoonga may commute to feeding grounds
in the Anadyr Strait, or that auklets from Owalit Mountain and Bunnel | Cape
commute to feeding grounds north of Gambel.

W noticed that when fog patches lie close to the nesting areas, |large
nunbers of all species are found close, within 5 nautical miles of the cliffs,
and many fewer beyond.

The waters of Norton Sound were virtually enmpty of birds in August
beyond 20 niles fromthe Ciffs at Bluff, although there were small feeding

aggregations off the nouth of Golovin Bay.
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Shearwaters nmoved into the Chirikov Basin in md-August and Septenber
(Divoky et al. 1977, 1978) and concentrated between King |sland and the
al though some
western part of Saint Lawence Island, /flocks were also seen south of Sledge
I'sland and north of King Island. Divoky et al. reported large nunbers of

shearwaters in the Bering Strait and southernmost Chukchi Sea in Septenber.

3. Patterns of Distributions of Individual Species

Each species has a characteristic pattern of distribution which,
one presunes, reflects the “foraging tactics” of that species.
(see “6. An Exanple. ..”

Auklets tend to feed in flocks, nurres are nore dispersed/; kittiwakes
are widely distributed in small nunbers, and they have a specialty: they
feed in the debris brought to the surface by feeding Gay Wales, as do, to
a lesser extent, puffins, nurres, and daucous Qulls. Auklets and Thick-billed
Mirres occur in nuch larger nunbers in the Chirikov Basin than in Norton Sound;
their numbers apparently increase even further as one goes into western Saint

Lawence Island waters and in the Bering Strait.

Pelagic Cornmorants are seldom seen more than 5 nautical mles from a

nesting or loafing rock. \Wen occasionally they have been seen further off,
they were associated with or perched on ice pans.

G aucous Qulls are found scattered along the sand beaches. They al so

occur in flocks around the seabird cities, at inlets to |agoons, and at the
mouths of rivers. They have breeding territories at bird cliffs and on
islands in tundra lakes. They are sel dom seen over the open sea and if so,
they are associated with the smudges made by Gray Wales or with seals on

i ce pans.
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Where herds of Walrus are haul ed out on ice pans in June there are congregations
of inn-nature and adult G aucous Gulls. They also congregate at carcasses of
Walrus, whether floating, butchered on ice pans, or stranded on the beaches.

Black-legged Kittiwakes are seen close (within 20 nmiles) to nesting areas

and beyond that are very sparse and highly clunped. They occur consistently
over debris brought up by Gray Whales. W have seen themin feeding melées
east and sout heast of King Island, between Cape Spencer and York Mountains,
east of Little Dionede Island, and between Sl edge Island and the mouth of
Golovin Bay. When the pack ice is drifting northward east of King Island,
kittiwakes occur in groups in the sane areas as nurres; that is, along the
edges of the ice or clunped here and there where pans of ice are widely scattered.
Kittiwakes also occur in large and dense flocks on freshwater ponds near the
coast and at the mouths of rivers. Gould s data for Septenmber 1975, west

and northwest of King Island, indicate a lack of kittiwakes and reflects the
smal | nunmbers of kittiwakes nesting on King Island. In Septenmber 1976, Divoky
et al. (1978) found kittiwakes scattered near the large kittiwake city at
Little Diomede Island.

Pormari ne Jaegers are seen far at sea in small nunbers. They are usually

seen near drifting ice and especially near pods of marine mammals. They occur
with G aucous Gulls where Walrus have been butchered.

Thick-billed Mirres and Common Mirres occur in a half-noon shaped pattern

extending east to south about half way between Sledge Island and King Island.
They aggregate along the edges of windrows of ice pans in June and occur wth

the ice further east at that tine than they do later in the year. At the edges
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of bands of ice pans west of Sledge in June, there is a concentration of nurres
where ice pans are scattered; where ice cover is nmore than 60% , the nunber of
murres i S much small er.

They occur, scattered widely, distributed at sea in
| oose aggregations, between King |Island and Savoonga or Gambel. Mirres are
| ess nunerous in the area to the southwest of King Island where Gay Wales
are nost nunerous. Murres are nunmerous south and west of Sledge Island
and in the area west, northwest, and north of King Island. Murres occasionally
occur in noderately dense groups between King Island and Wales and between
Fairway Rock and Little Diomede. They gather in certain water masses east
of Little Dionmede. They are numerous within 30 mles of the seabird cliffs
around Savoonga and the Southwest Capes on Saint Lawence |sland, and within
10 miles of Cape Thonpson and Cape Lisburne. Murres are scattered out to
about 25 nmiles south of the cliffs at Bluff and gather near the mouth of
Golovin Bay, and to a |esser extent between Topkok and Safety Lagoon.

When the light was good, we tried to separate those murres which appeared
to be brown (presuned to be Common Murres) from t hose appearing to be black
(reportedly Thick-billed Murres). These observations suggest that Thick-billed
Murres occur further offshore than Common Murres, but we need many nore
observations. We are not convinced that this distinction is dependabl e because
some Thick-billed Murres appear to have brown heads and because, in the diffuse
light, nmost murres | ook internediate between black and brown. It would be
desirabl e, however, to make counts of “black” and “brown” murres at several
times of year to establish the geographical segregation of the two species

at sea.
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Pigeon Guillemots have been geen close to the yubble slopes where they
nest and occasionally have been reported tens of nmiles at sea. It is hard to
assess the possibility of misidentification of those seen at sea because they
have been reported by relatively inexperienced observers. Sonme plumages of
Steller's Eiders resenble a Pigeon Guillemot in flight and these small eiders
are seen occasionally far at sea.

Kittlitz's Murrelet deserves special attention because the species is

rare and w dely scattered. I ndi vi dual s have been seen from about 10 niles
south of Sledge Island through an arc to the southwest and west to a point
10-15 miles west of Cape Woolley, and al so northeast of Cape Lisburne and
sout hwest of Cape York.

Auklets are easily recognizabl e as such, but distinguishing anong the
species is often difficult. Usually separating Crested Auklets from Least
Auklets is straightforward unless the altitude of the aircraft is varying.
Least Auklets are recognized by snall size, pale belly, and buzzy flight.
Crested Auklets have a somewhat clearer separation of the wingbeats, are
larger, and have dark bellies. Parakeet Auklets are clearly distinguishable
when one gets a good |ook. They have |onger w ngs than the other auklets
and show a lot of white flank feathers as they take off. They appear bl acker
than the other auklets and have a white belly.

Al t hough auklets occur further east during June when ice pans are
drifting north, their prinmary feeding grounds are west of a |ine extending
north from Savoonga through King Island. In this area of ocean, restriction

by the International Date Line becones significant. In June, auklets have
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been seen in noderate nunmbers half way between King Island and Cape Rodney on
“the Seward Peninsula in calmwater surrounded by ice pans. They were also seen
bet ween Savoonga and Sledge Island in June when the ice had recently noved
through. They are often seen together with feeding nurres in June, two-thirds
of the way from Sledge to King Island. The l|argest nunbers of auklets
unquestionably occur a) southwest, west, and northwest of Saint Law ence
Island, and b) in extraordinary concentrations in the Bering Strait. In June
and occasionally later, dense active rafts of (nost often) 50, up to 100, 500,
or 800 Crested Auklets are found within 10 nmiles of the major rubble slopes
where they breed. In July and August, auklets are found along the edge of

the international border. Qur experience is that they continue to be nunerous
when one drifts too far west and crosses the International Date Line.

Qur data suggest little regarding segregation of the feeding waters of
the three species of auklets. Qur inpression is that Crested Auklets may
forage farther to the east and southeast than Least Auklets, whose numbers
are conspicuously high near Saint Lawrence Island and in the Bering Strait.
According to our results, Parakeet Auklets occur nostly south, and perhaps
to the southeast, of King Island. However, Parakeet Auklets are sparse and
occur with other auklets; so the problem of attention arises in assigning
a distribution to this relatively infrequent species, i.e. , “not looking for”
Par akeet Auklets and “looking for” Parakeet Auklets once one has been noticed.
Both of these human weaknesses will bias reports of distribution of Parakeet
Aukl ets to be clunmped. Parakeet Auklets, which feed on a broader spectrum of

crustacea than do ot her auklets, occur in Norton Sound in small nunbers.
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Honed Puffin may be the one species of seabirds in our region for which

one can refer to “feeding radii.” They appear to stay closer to the bhird
cliffs than do nurres or kittiwakes. Mdyderate nunbers are observed within 10
mles of nesting areas. Then there is usually a ring of area in which there
are few birds; beyond that area, they are seen in small nunbers out to 35
nautical mles. The small nunbers seen at |onger distances from nests may
erroneously suggest “over dispersal” sinply because of the exponentially
larger area of water at greater distance. Puffins rush to gather at kittiwake
feeding melees and are seen at snudges raised by Gey Wales.

Tufted puffins' distribution resenbles that of Horned Puffins, and

Tufted Puffins occur at greater distances from breeding grounds than do
Homed Puffins. W have seen larger nunbers of Tufted Puffins at sea than
we woul d have anticipated according to the nunbers anong nesting birds. W
saw Tufted Puffins in larger numbers than expected southwest of Sledge Island

and southeast of King Island; we don't know why.

4. Relation of the Distribution of Seabirds to Bottom Topography

The ten-fathom curve has been shown on some of the maps that
follow the text in this Appendix. The distribution of sightings suggest that
some correlations exist between the distribution of seabirds and the nature
of the bottom

Bl ack-1egged Kittiwakes seem to prefer the edges between shallower and
deeper water and to search the Chirikov Ranp, presunable |ooking for the

Gray Wal es which congregate there.

Murres occur over shallower water and appear to search the waters over
the Cape Rodney Parallel Valleys, Gambel Shoal, and, perhaps, the Wles
Shoal. Qur sightings seemto fall primarily in water less than 20 neters.

In the southeastern Chukchi Sea, they appear to feed on the edge of the
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deeper water, which is the edge of the Al askan Coastal Water southwest of
Cape Thonpson. They feed in the gyre northeast of Cape Lisburne in |arger
nunbers than in the water flowing north past the cliffs. They were numerous
all through the Anadyr Strait and some kilonmeters north of Gambel. It
appears that nurres prefer bottom of uneven topography, with coarser

sedi ments and sone rocks. They were seen less often than expected over the
benthic-rich sedi nents of the Chirikov Ranp

Horned and Tufted Puffins were seen over shallower water.

Crested and Least Auklets were seen prinmarily over the Chukotka Trough
the Anadyr Sea Valley, and the Bering Strait Sea Valley. It may be that the
birds are in these waters because of nore turbul ence, higher salinity (both
of which contribute to higher productivity of |arge Copepods) or to greater

depth of the water, i.e., over thirty neters.

5. Summary of Distributions

The major correlation is with the two main bodies of water.

The wi despread circumboreal species of seabirds are about equally distributed
across the two. Auklets and Thick-billed Mirres are virtually restricted
to the western part of the more saline and colder waters. This correlation
seens to reflect whether the systems are detrital or pelagic, that is,
whet her nost of the productivity cycles through benthos because organic
matter settles out of the water colum or whether enough organic productivity
is cropped by large copepods while still in the euphotic zone to support
crustacean-feeding vertebrates.

Further correlations exist: 1) between distributions and depth of
wat er, whether greater than or less than 10 fathonms (20 neters); 2) between

distributions and whether the bottom is covered with deep, soft sedinments or
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is rocky: 3) between distributions and the turbulence of the water: and
4) between seabird distributions and the distribution of ice floes along
the western edge of the Alaskan Coastal Water and the novement of this ice

northward along the front of the coastal water with the Bering Shelf Water.

6. An Exanple of Data Transcribed

The data displayed in Table V.1, are directly transcribed
fromthe tape recorder as recorded during a transect southwest from Owalit
Mount on Saint Lawence |sland, then northeast up to Anadyr Strait towards
Gambel on August 17, 1978. These data correspond to Figures T.B.2g, I.B.4d,
and I.B.5d. The colums in
Tabl e v.1should be read fromthe top down: this vertical novement indicates
the passage of time. Tines are shown on the right hand side of the colum
and are given on 24-hour clock set to Bering Sea Tine: i.e. , mnus 11 hours
G eenwi ch Mean Ti ne.

The point is to show that the distribution of murres is relatively
uniform  That of the auklets is patchy and the birds tend to be clunped
in flocks, often dense ones. This transect records one of the densest

concentrations of birds we found.

96



Tabl e v. Data transcribed as recorded during a transect southwest
from owalit Mountain, Saint Lawence: |sland, then northeast
up the Anadyr Strait towards Gambel, August 17, 1978,
starting at 1330 hours.

Crested Leas t Crested Least
Murres  Auklets AukLets Time Murres  Auklets Auklets Tine
il
1330 5 1335
1 6
3 15
2 10 4
1 30
1 3 1 10
8 1 8
2 1
1 4
1 , 3
5 60 1 3 3
4 1 2 5
1 3
3 15
15 2
20 a
40 1 7
8 1 5
| 3 2
1 1 2
2 1
1 20 1
1 1 1 25
1 1 2
1 1 5
1 1 2 1
4 1
1 1 1
1 75 2
1 1
4 1 1 1
3 4 4 \'
1 1
8 1
1 1
1 4 30 1
2 3 2 1
4 15 2 1
2 1
2 | 3 1
1 | 5 2
2 2
| 4 1 1340
2 1 12
15 1
35 1
12 1 1
8 12
40 1 20
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Figure v.a., Geo rthy of the Norton Sound Region
showing identifiable point for starting and
ending routes of transects
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D.  Maps of _the Distribution of Birds at Sea

The followi ng collection of maps illustrates the distribution of
birds at sea, both early in the season in the presence of ice and later
on in July, August, Septenber and Cctober. Transects have been charted
for observations of murres, auklets (all inclusive, i.e., unidentified
+ Least + Crested + Parakeet), Least Auklets, Crested Auklets, Parakeet
Aukl ets, Horned Puffins, Tufted Puffins, G aucous Gulls, and Black-
| egged Kittiwakes.

We include general representations of the distribution of sea ice in
the nmonth of June based on data from flights during only two springs
(Drury et al., in 1977 and 1978). Also included are maps show ng very
general densities of ice along the routes of transects

The data on the distribution of birds at sea used in the naps cone
fromtransects conducted by Drury et al., in 1976, 1977 and 1978, and
Harrison in 1976 (1977); and surface transects (shipboard surveys)
conducted by Drury et al., in 1976, Gould et al., in 1976, and Divoky
et al.,in 1975, 1976 and 1978 (1978, 1979).

The maps are divided into two groups: data from aerial surveys and
from surface surveys. Wthin each group maps are segregated by region
Norton Sound, Chirikov Basin, northern Bering Sea including both Norton
Sound and the Chirikov Basin, the southern Chukchi Sea, and the northern
Chukchi Sea. Maps of transects run in the same region are further segre-
gated by species and then nonth. An annotated list of the maps, in outline
formwi th page numbers precedes the maps, on pages 103 to 110; the figure
nunber on each map corresponds to its outline number (e.g., the distribution
of Least Auklets along aerial transect lines run over the Chirikov Basin

in August is shown in Figure I.B.4e).
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page
[ AERIAL TRANSECTS . . . . . . 111
A Norton Sound - maps from Drury et al_
*1. lce coverage along route of surveys
a. Jmed, 1976 . . 12
b. June 7, 1978.. ... ... 113
2. ]Murres
4. June 4, 1976, and June7, 1978 . . . . . . . . ... 114
b, wly6, 1978 . . 115
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Figures I.A.la through 11.D.8b. The Distribution of Birds at Sea.

Below is a list of the figures which follow, as described in the
precedi ng pages. These figures extend from page 111 to page 314.

*Asterisks before a figure listed below indicate that the data
presented in that figure was obtained when sea ice was present.
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NOTE

We feel that it is inportant to renmind the reader of some obvious things:
the area of a ring between 10 and 20 km from a seabird city is nuch smaller
than the area of a ring between 50 and 60 km This has an inportant effect on
the “density” of birds seen at sea. For example, if 15,000 murres |eave King
Island in all directions and 1500 settle on each ring that is 10 km across,
i.e., 1500 at 1-10 km 1500 at 20-30 km etc. , then the nunber seen by aerial
transects will be as follows:

o-1o 4.
10- 20 1.
20-30 1.
30-40 0.
40- 50 0.
50- 60 0.

A OINOO
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|. AERI AL TRANSECTS
A Norton Sound
B. Chirikov Basin

c. Bering Sea, including Norton
Sound and the Chirikov Basin

D. Sout hern Chukchi Sea

The 40-fathomdepth is outlined on the maps of the Chirikov Basi n.
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Figure T.A.la
.-, Representation of ice coverage along route of
i, ;.survgys run on June 4, 1976 (prury et al.).
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Figure La.lb

Representation of ice coverage along route

- . of surveys run on June 7, 1978 (prury et al.).
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Figure I1.A.2a
Murres seen during aerial transects in Norton Sound
in the presence of sea ice
June 4, 1976,
. . June 7, 1978 (Drury et al.).
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Figure I.A.2b

Murres seen during aerial transects
in Norton Sound

July 6, 1978 (Drury et al.).
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Figure I.A.2e ,
murres Seen during aerial transects

‘ in Norton Sound
M. August 16, 1978 (prury et al.).
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Figure 1.A.3a
All Auklets (Least + Crested + parakeet + Unidentified)
seen during aerial transects in Norton Sound in the presence of sea ice

June 4, 1976,

. June 7, 1978 (prury et al.),
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Figure I.A.3b

All Auklets (Least + Crested + Parakeet + Unidentified)
seen during aerial transects in Norton Sound

-, July 6, 1978 (Drury et al.).
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Figure I.A.3c
All Auklets (Least + Crested + Parakeet + Unidentified)

seen during aerial transects in Norton Sound
August 16, 1978 (Drury et al.).
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Figure 1.A.4 ' '
Least Auklets seen during aerial transects
if Worton Sound in the presence of Sea ice

e Junes 7, 1978 {(brury -et al,).
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Figure I.A.5

Crested Auklets seen during aerial transects
in Norton Sound in the presence of sea ice
June 7, 1978 (Drury et al.).
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Figure T.A.6

Parakeet Auklets seen during aerial transects
in Norton Sound in the presence of sea ice
June 7, 1978 (Drury et al.).
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Figure 1.A.7a
Horned Puffins seen during aerial transects
el in Norton Soundin the presence of sea ice
[ June 4, 1978,
~eo s, .o June 7, 1978 (prury et al.).
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Figure I.A.7b

Horned Puffins seen during aerial transects
in Norton Sound

July 6, 1978 (Drury et al.).
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Figure I.A.7c

Horned Puffins seen during
aerial transects in Norton Sound
August 16, 1978 (Drury et al.),
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Figure 1.4.8a
Tufted Puffins seen during aerial transects
in Norton Sound in the presence of sea ice
June 4, 1976, .

+ June 7, 1978 (Drury et al.).
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Figure I.A.8b

Tufted Puffins seen during
aerial transects in Norton Sound
July 6, 1978 (prury et al.).
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Figure I.A.8c

Tufted Puffins seen during
aerial transects in Norton Sound
August 16, 1978 (Drury et al.).
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Figure 1.A.9a

daucous Qulls seen during aerial transects
in Norton Sound in the presence of sea ice
June 4, 1976 (Drury et al.).
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Figure I.A.9
Jaucous Qulls seen during aerial transects in Norton Sound,
July 6, 1978 (prury et al.)
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Figure 1.A.9c

Glaucous Gulls seen during aerial transects in Norton

August 16, 1978 (Drury et al.).
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Figure I.A.10a

Black-legged Kittiwakes seen during

aerial transects in Norton Sound in the presence of
June 4, 1976,

- June 7, 1978 {Drury et al.).
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Figure 1.a.10p
Black-legged Kittiwakes seen during
aerial transect in Norton Sound

. July 6, 1878 (Drury et al.).
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Figure |.A 1CC

Black-legged Kittiwakes seen during
aerial transects in Norton Sound

. August 16, 1978 (Drury et al.).
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* Asterisks indicate lines along which
only one observer recorded data; nunbers
along those lines have been doubl ed
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Figure I.B.la(l)
General representation of the distribution
of ice in the northeastern Bering Sea
in early June.
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Figure I.B.la(2)

General representation of the distribution

of ice in the northeastern Bering Sea
in mid~-June.
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Fi gure I.B.la(3) SORT
General representation of the distribtutien;
of ice in the northeastern Bering Sea,- -
in late June.




Figure 1.B.1b(1)
Representation of ice coverage along route:-
of surveysrun on May 20, 1977 (Drury et al

8€T

by percentages
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Figure I.B.1b(2)
Representation of ice coverage along route )
1977 (prury et al).”. ./

of surveys run on June 2,

Ice coverage by percentages
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Figure 1.3.1b(3) .
Representation of ice coverage along route
of surveys run on June 8, 9, 12, 1978 :
(Drury et al.).
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Figure 1.s. Ib(4) LT
Representation of ice coverage along route ™ ::
of surveys run on June 22, 23, 24, 1977 . g

(prury et al.).
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Figure I.B.2a
Murres seen during aerial transects

in the presence of sea ice on May 20,

1977. ./
(Drury et al.). Lo

of birds seen
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Figure I1.B.2b
Murres seen during aerial transects
in the presence of sea ice on
June 2, 1977 (Drury et al.).
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Figure 1.8.2¢

Murres Seen during aerial transects
in the presence of sea iceon

June 4, 1976 (prury et al.).

@ 26- 100
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Figure 1.B.2d TS
Mirres seen during aerial transects cr e
in the presence of sea ice on

June 8, 9, 12, 1978 (brury et al.).,
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Figure I.B.2e

Murres seen during aerial transects
in the presence of sea ice on

June 22, 23, 24, 1977 (Drury et al.}).
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Figure I.B.2f

Murres seen during aerial transects on

July 6, 7, 8,
(Drury et al.).

19738
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Figure 1. B.2g
Mirres seen during aerial transects on , ..:. =i
July 31 and August 16, 17, 18, 1978 , ., .. ;%

(Drury et al.). ——

* Asterisks indicate lines
along which only one
observer recorded data;
numbers along those
lines have been doubled.

' « Nunber of birds seen
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Figure I.B.Z2h
Murres seen during aerial transects on

August 21 and 22, 1977
(Drury et al.).

Number Of birds seen
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Figure 1.B.3a
All Auklets (Least + Crested + Parakeet +
Unidentified) seen in the presence of sea
ice on May 20, 1977 (Drury et al.).
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Figure I.B.3b
All Auklets (Least + Crested + parakeet +-

Uni dentified) seen in the presence of sea R
ice on June 2, 1977 (Drury et al.). R

Nurber of birds seen

1

2-10
e 11-25
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Figure 1.B.3c
Al Auklets (

1976 (Drury et al.).

v

A

. e
Least + Crested + Parakeet +*
Unidentified) seen in the presence of se
ice on June 4, .

Number Of birds seen
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Figure I.B.3d

All Auklets (Least + Crested + Parakeet +
Unidentified) seen in the presence of sea

ice on June 8, 9, 12, 1978 (Drury et al.)

.
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Figure 1.8.3e
Al Auklets (Least + Crested + Parakeet + . ..
uni dentified) seen in the presence of sea - -/
ice onJune 22, 23, 24, 1977 (Drury etal.L;VJ
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Figure 1.B.3f
All Auklets (Least + Crested +
Parakeet + Unidentified) seen o
July 6, 7, 8, 1978 et
(Drury et al.). NN
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Figure I.B.3g

All Auklets (Least + Crested 4
Parakeet + Unidentified)

seen during aerial transects on
July 31 and August 16, 17, 187 1978

(Drury et al-). | _‘jx..:: el

Asterisks indicate lines
along which only one
observer recorded data;
numbers along those

‘ lines have been doubled.

EN Number of birds seen
. 1
L] 2-10
® 11-25

@ :26-100




LGT

Figure I.B.3h
All Auklets (Least + Crested +
Parakeet + Unidentified) pe
seen during aerial transects on L
August 21, 22, 1977

(Drury et al.).

Number of birds seen

- 1
e 2-10
® 11-25
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Figure I.B.4a

Least Auklets seen during aerial transects: .. . 00
in the presence of sea ice on

June 8, 9, 12, 1978 (Drury et al.).
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Figure I.B.4b B
Least Auklets seen during aerial transects '’

in the presence of sea ice on s
June 22, 23, 24, 1977 (Drury et al.).

Number of birds seen

. 1
¢ 2-10
® 11-25
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Figure 1.B.4c IR
Least Auklets seen during aerial transects « ™0 i-:0i]
July 6, 7, 8, 1978
(Drury et al.).

Nurber of birds seen
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Figure T1.B.4d ,:f&?}'..
least Auklets S€een during aerial transects s
July 31 and AugUust 16, 17, 18, 1978
(Drury et aI.).

.L<i;le

* Asterisks indicate lines
along which only one
observer recorded data;
numbers along those
lines have been doubled.

* Nurber of birds seen

1
« 2-10
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@ 26-100
@ 101500
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Hgure T1.B.4e

aeast Auklets seen during aerial transects

pgust 21, 22, 1977
‘Drury et al,).

Number of birds seen

< 1
¢ 2-10
® 11-25
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Figure 1.B.5a
Crested Auklets seen during aerial transacts
in the presence of sea ice on ..
June 8, 9, 12, 1978 (Drury et al.).
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Figure 1.8.5%

Crested Auklets seen during aerial

in the presence of sea ice on

June 22,

23, 24, 1977 (prury et

transegs s

al.). -7

.

Number off bitds seen
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Figure I.B.5c
Crested Auklets seen during aerial transects :Elﬁ-f:
July 6, 7, 8, 1978

(Drury et al.).
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Figure 1.8.5d RSN
Crested Auklets seen during aerial transects "Z'xiﬁ
July 31 and August 16, 17, 18, 1978
{brury et al.).

#oo.,

991

* Asterisks indicate |ines
along which only one
observer recorded data;
numbers along those
lines have been doubled.

i Nunber of birds seen
-1

e 2-10

¢ 11-25

@ 26- 100
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Figure 1.8.5
Crested Auklets seen during aerial
August 21, 22, 1977

{(orury €t al.).

transecks v, i

Number of birds seen

. 1
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@ 25-100
@ 101500
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Figure I.B.6a TR
Parakeet Auklets seen during aerial transects .- .- +ri)
in the presence of sea ice on

June 8, 9, 12, 1978, and

June 22, 23, 24, 1977 (DPrury et al.).
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@ >500




691

.igure 1. B.6b Qs

LA

Parakeet auclets seen during aerial transects ,2'}5&

July 6, 7, &, 1978
{Drury et all.).
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e 22100
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@ 26100
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Figure 1.B.6¢c C'Zﬂ
Parakeet Auklets seen during aerial transagés . .:7
July 31 and August 16, 17, 18, 1978, -
August 21, 22, 1977

{Drury 6t al . )

* Asterisks indicate |ines
along which only one
observer recorded data;
nunbers al ong those
lines have been doubl ed.

* Nunmber of birds seen

o1
.2-10
e 11-25

@ 26-100
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Figure 1.83.7a ok
Horned Puffins seen during aerial transects -i.
in the presence of sea ice on
May 20, 1977,

June 4, 1976,

June 8, 9, 12, 1978,
June 22, 28, 4, 1977
(Drury et al.) o N
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Figure 1.B.7b

Horned Puffins seen during aerial transects N :':
July 6, 7, 8, 1978 0
(Drury et al.).

Nunmber of birds seen

1
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Figure I.B.7c .'C:ﬁg. N
Horned Puffins seen during aerial transects BN
July 31 and August 16, 17, 18, 1978,

August 21, 22, 1977
(Drury et al.).

* Asterisks indicate |ines
al ong which only one
observer recorded data;
nunbers al ong those
lineshave been doubl ed.
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|
e 2-10
e11-25

@ 26-100
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Figure 1.8.82
Tufted Puffins seen during aerinltrddransast
in the presence of sea ice on
May 20, 1977,

June 2, 1977,

June 4, 1976,

June 8, 9, 12, 1978,
June 22, 23, 24, 1977, .

(Drury et al.). T

o .-'.

Nurmber of birds seen

o1
.2-10
¢ 11-25

@ 26- 100
e 101-500
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Fifqure 1.B.8b
Tu

ted Puffins seen during aerial transects ..o .i:

July 6, 7, 8, 1978
(Drury et al.).
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Figure 1.B.8¢c

Tufted Puffins seen during zerial transects :
July 31 and August 16, 17, 18, 1978, R
August 21, 22, 1977 S
{orury et al.).

.
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o
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@ 101500
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Figure I.B.9a
Glaucous Gulls seen during aerial L
transects in the presence of sea ice on .'/

May 20, 1977,

June 2, 1977,

June 4, 1976,

June 8, 9 & 12, 1978,

June 22, 23 & 24, 1977
(Drury et al.).? ©o

Number or birds seen

T .1

334422 e s 2-10

AP e 11-25
0 26-100
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Figure I.B.9b

Glaucous Gulls seen during
aerial transects on
July 6, 7 & 8, 1978
{Drury et al.).
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1
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26-100

101-500

>500
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Figure I.B.9c

Glaucous Gulls seen during aerial

transects on
July 31 and August 16,
August 21 & 22, 1977
(Drury et al). |

17 & 18, 1978, ",

......
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1
2-10
11-25

26-100

.
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Figure 1.8.10a

transects in the presence of sea ice o

May 20, 1977,
June 2, 1977,
June 4, 1976,
June 8, 9, 12, 197,8,

June 22, 23, 24, 1977, o0
(prury et al.). L

Black-I egged Kittiwakes seen during aerial <!

n..: .

Nurber of birds seen

1
. 2-1o
e 11-25

@ 26-100
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Figure I.B.10b

Black-legged Kittiwakes seen during

aerial transects on
July 6, 7, 8, 1978
(Drury et al.).

Number of birds seen

. 1
e 2-10
® 11-25
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Figure I.B.10c
Black-legged Kittiwakes seen during
aerial transects on

July 31 and August 16, 17, 18, 1978,
August 21, 22, 1977,
(Drury et al.).

* Asterisks indicate lines
along which only one
observer recorded data;
numbers along those
lines have been doubled.

5 ¥* Number of birds seen
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Figure I.C.la Distribution and abundance of murres in the Bering Sea
in June 1976. Aerial surveys, USFWS; Figure 148, page
265, in Harrison 1977.
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Figure I.C.lc

in Cctober
page 268,

1976.
in Harrison 1977.

Aeri al

Distribution and abundance of nurres in the Bering Sea
surveys,

USFWS: Figure 151,
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Figure 1.C.2a Distribution and abundance on Least Auklets in the Bering
Sea in August 1976: no Least Auklets were observed in
March, June, or July 1976. Aerial surveys, UsFWs: Figure 160

page 277, in Harrison 1977.
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Fi gure 161
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Figure 1.C.3a Distribution and abundance of Crested Auklets in the
Bering Sea in August 1976: no Crested Auklets were
identified in June or July 1976. Aerial surveys, USFWS:
Fi gure 157, page 274, in Harrison 1977.
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Figure 1.C.3b
Bering Sea in Cctober 1976.

Figure 158, page 275, in Harr

i son 1977.

Distribution and abundance of Crested Auklets in
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Figure I.C.4a Di stribution and abundance of Parakeet Auklets in the
Bering Sea in August 1976: no Parakeet Auklets were
identified in March, June or July, 1976. Aerial surveys,
UsSFWS : Figure 153, page 270, in Harrison 1977.
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Figure 1.C.4b Distribution and abundance of Parakeet Auklets in the
Bering Sea in October 1976. Aerial surveys, USFWS:
Fi gure 154, page 271, in Harrison 1977. °
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Bering Sea in June 1976. Aerial

in Harrison 1977.
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in the

USFWS

Distribution and abundance of Horned Puffins

Figure I1.C.5b

Bering Sea in August 1976. Aeri al

Figure 170,

Surveys,

in Harrison 1977.
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Horned Puffins

Aeri al
in Harrison 1977.

Distribution and abundance of
Bering Sea in Cctober 1976.

Figure 171,
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Distribution and abundance of Tufted Puffins in the

no Tufted Puffins were

observed in February or March 1976. Aeri al

Bering Sea in June 1976:

Figure 1.C.6a

surveys,

in Harrison 1977.

Figure 163,
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Figure I.C.6b Distribution and abundance of Tufted Puffins in the
Bering Sea in August 1976. Aerial surveys, USFWS:
Figure 165, page 282, in Harrison 1977.
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Di stribution and abundance of Tufted Puffins
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in the

Distribution and abundance of { aucous Qulls

Bering Sea in June 1976. Aerial

Figure 111,

Figure 1.C.7a

surveys, USFWS

in Harrison 1977.
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no d aucous @lls were

Aeri al
in Harrison 1977.

Distribution and abundance of @ aucous @l ls

Bering Sea in August 1976:
observed in July 1976.

Figure 112,

Figure 1.C.7b

USFWS

surveys,
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Distribution and abundance of @ aucous Glls in the
Bering Sea in COctober 1976. Aerial surveys, USFWS:

Figure 113, page 230, in Harrison 1977.
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Kittiwakes in
surveys, USFWS
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in Harrison 1977.

Di stribution and abundance of Bl ack-Ie

the Bering Sea in June 1976.
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USFWS

surveys,
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Bl ack-1 egged Kittiwakes in
in Harrison 1977.

the Bering Sea in August 1976.

Distribution and abundance of
Figure 128,

Figure 1.C.8b
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Figure 1.p.la

Representation of ice coverage along route

of surveys run on June 9, 1978

(Drury et al.).
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Figure 1.D.1b
Representation of ice coverage along route
of surveys run on June 24, 1977 (brury €t al.).
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Figure 1.p.2a

Murres SEEN during aerial transects
in the chukehi Sea in the presence
of sea ice on

June 9, 1978 (prury et al.).
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Figure 1.p.2b

vurres seen during aerial transects _
in the Chukchi Sea in the presence of sea ice
June 24, 1977 (brury et al.).

Nunber of birds seen

1
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«11-25

@ 26-100
Q 101- 500
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Di stribution and abundance of murres in the Chukchi Sea

in June 1976.

167,

Figure I.D.2c

page

Figure 51

surveys,; USFWS:

Aeri al

in Harrison 1977.
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Figure 1.p.2d4 _
murres S€en during aerial transects
in the chukchi Sea

July 7, 1978 (Drury et al.).

Nurmber of birds seen
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Figure 1.n.2
Mirres seen during aerial transects
in the chukechi Sea

July 25, 27, 29, 1978 (prury €t al.).
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Figure 1. p.af
Murres Seen during aerial transects
in the chukchi Sea
August 18, 19, 1978
( brury et al.). ¥

Nunber of birds seen
. 1
. 2-10
e 11-25

@ 26-100

* Asterisks indicate lines along which
only one observer recorded data

SV numbers along those |ines have been
N ST doubl ed.
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Figure 1.p.3a

Al Auklets (Least + Crested +
Parakeet + Unidentified) seen
during aerial transects

in the chukehi Sea in the
presence of sea ice on

June 9, 1978 (prury et al.).

Nurber of birds seen

1
. 2-10
e 11-25

@ 26-100
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Figure 1.p.3b

All Auklets (Least + Crested +
Parakeet + Unidentified) seen

during aerial transects in the

Chukchi Sea in the presence of sea ice
June 24, 1977 (prury et al.).

number OF - DI rds seen

1
e 2-10
e 11-25

@ 206-100
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Figure 1.p.3c
All auklets (Least + Crested +
Parakeet + Unidentified) seen

during aerial transects in the
Chukchi Sea

July 7, 1978 (Drury et al.).

Nurmber of birds seen

|
e 2-10
e 11-25

@ 26- 100
@ 10150
0 >500

216



Figure 1.p.3d

All Auklets (Least + Crested +
Parakeet + Unidentified) seen

during aerial transects in the

Chukchi Sea

July 25, 27, 29, 1978 (prury et al.).

Nurmber of birds seen

o
. 2-lo
.11-25

@ 26- 100
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Figure 1.p.3e

All Auklets (Least + Crested +
Parakeet + Unidentified) seen

during aerial transects in the
Chukchi Sea

August 18, 19, 1978

{Drury et al.).*

| Nunber of birds seen

. 1
e 2-10
@ 11-25

@ 26- 100

Do

* Asterisks indicate lines along which
onlly one ebserver recorded data;, nunbers
aleng these [ines have been doubl ed.
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Figure 1.p.4a
Least Auklets seen during aerial transects

in the chukehi Sea in the presence of sea ice
June 9, 1978 (prury et al.).

Number of birds seen

' 1
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e11-25

@ 26- 100
@ 101500
e 500
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Figure 1.p.4b
Least aukiets seen during aerial transects

in the chukehi Sea in the presence of sea ice
June 24, 1977 (brury et al.).

Nurmber of birds seen
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9 101-500

220



Figure I.D.4c _
Least Auklets seen during
aerial transects in the Chukchi Sea

July 7, 1978 (brury et al.).

Nurmber of birds seen
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Q 101- 500
e >500
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Figure 1.D.4d
Least Auklets seen during

aerial transects in the chukchi Sea
August 18, 19, 1978
(Drury et al.).¥

Nurmber of birds seen

1
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* gsterisks indicate Lines along which
onlly ene abserver recorded data; nunbers
along~t hbse=| 1 fres< Haares feen doubl ed.
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page 178,

in the Chukchi

Aukl et s

Least

Figure 62,

no Least Auklets were identified in
USFWS:

surveys,

223

Distribution and abundance of

Sea in August 1976:

Figure 1. D.4e

Aeri al

in Harrison 1977.

June 1976.
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Figure 1.p.5a

Crested Auklets seen during aerial transects
in the chukehi Sea in the presence of sea ice
June 9, 1978 (prury et al.).

Nunber of birds seen
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Figure 1.D.5b
Crested Auklets seen during aerial transects
in the chukchi Sea in the presence of sea ice
June 24, 1977 (Drury et al.).
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Figure 1.D.5¢
Crested Auklets seen during

aerial transects in the chukchi Sea
July 7, 1978 (prury et al.).

Nunber of birds seen

‘ 1
. 2-10
11-25

26-100
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rigure 1.D.5d

Crested Auklets seen during
aerial transects in the chukchi Sea
August 18, 19, 1978
(Drury et al.).%

Nunber of birds seen

|
+ 2-1o
e 11-25

© 26-100

Q 101-500

>500

= Asterisks indicate lines along which '
only one observer recorded data; numbers
along those lines have been doubl ed.
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Crested Auklets
no Crested Auklets were

Aeri al

Distribution and abundance of

Chukchi Sea in August 1976:
identified in June 1976.

igure I1.D.5e

Fi gure 60,

USFWS:

surveys,

in Harrison 1977.

page 176,

.
4

i
Hi
iﬁfKTﬁz

il

I
1
-
B

lrre

1!

.
L

RN}

165 184 183

168

229



Di stribution and abundance of Crested Auklets in the

Figure I.D.5f

USFWS:

surveys,

Aeri al
in Harrison 1977.

1976.

Chukchi Sea in Cctober

page 177,
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Figure 1.D.6a

parakeet auklets Seen during aerial transects
in the chukchi Sea in the presence of sea ice
June 9, 1978 (prury et al.).

Nunmber of birds seen
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Figure 1.p.6b '
Par akeet auklets seen during aerial transects

in the chukchi Sea in the presence of sea ice
June 24, 1977 (brury et al.).

Nunber of birds seen
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Fi gure 1.D.6c

parakeet Auklets seen during

aerial transects in the Chukchi Sea
July 7, 1978 (brury et al.).

Nunber of birds seen
c 1
L 2-10
e 11-25

@ 26-100
@ 101-500
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Figure 1.p.6d

Par akeet auklets Seen during
aerial transects in the chukchi Sea
August 18, 19, 1978
(Drury et al.).¥

Nunber of birds seen

1
. 2-1o
e 11-25

@ 26-100 .
@ 10150 :
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Do

* Asterisks indicate lines along which
only one observer recorded data; numbers
along_t hose |ines have been doubl ed.




Distribution and abundance of Parakeet Auklets in the

Chukchi

Fi gure I.D.6e

no Parakeet Auklets were

Aeri al
in Harrison 1977.

Sea in August 1976:

USFWS:

surveys,

identified in June 1976.
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Di stribution and abundance of Parakeet Auklets in the

Figure 1.D.6f

USFWS:

surveys,

Aeri al
in Harrison 1977.

1976.
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page 175,
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Figure 1.D.7a

Horned Puffins seen during aerial transects
inthe chukchi Sea in the presence of sea ice
June 9, 1978 (prury et al.).

Nunber of birds seen
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Figure 1.p.7b
Horned Puffins seen during aerial transects

in the chukehi Sea in the presence of sea ice
June 24, 1977 (prury et al.).

Nunber of birds seen
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Figure 1.D.7¢

Horned Puffins seen during

aerial transects in the chukehi Sea
July 7, 1978 (prury et al.)

Nunber of birds seen
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Figure 1.p.74
Horned Puffins seen during aer-ial transects
in the chukchi Sea

July 25, 27, 29, 1978 ( Drury et al.).

Nunber of birds seen
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Do

* Asterisks indicate lines along which
onl'y one observer recorded data; numbers

along those lines have been doubled.
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Figure 1.D.7e

Horned Puffins seen during
aerial transects in the chukchi Sea
August 18, 19, 1978
(Drury et al.).*

Nunber of birds seen

-1
.2-10
e11-25

@ 26- 100
O 101-500
o >500

* Asterisks indicate |ines along which
only one observer recorded data; numbers
along those lines have been doubled.
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Di stribution and abundance of Horned Puffins in the

Figure I.D.7f
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in the

Di stribution and abundance of Horned Puffins

Figure 1.D.7g
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Figure 1.D.8a
Tufted Puffins seen during aerial transects

in the chukchi Sea in the presence of sea ice
June 9, 1978 (Drury et al.).
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Fi?ure 1.D.8b

Tufted Puffins seen during aerial transects
in the chukehi Sea in the Presence of sea ice
June 24, 1977 (prury et al.).
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Figure 1.D.8¢c

Tufted Puffins seen during aerial transects
in the chukehi Sea

July 7, 1978 (prury et al.).
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Fi ?ure 1.D.8d

Turted Puffins seen during
aerial transects in the chukchi Sea
August 18, 19, 1978
{(Drury et al.).¥
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Figure 1.p.9a
d aucous Qull's seen during aerial transects

in the chukchi Sea in the presence of sea ice
June 9, 1978 (Drury et al.).
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Figure 1.p.9b
G aucous QulI's seen during aerial transects
in the chukehi Sea in the presence of sea ice

June 24, 1977 (brury et al.).
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Distribution and abundance of d aucous Gulls
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Figure I1.D.9d
cacous QUI | S seen during aerial transects
in the chukchi Sea

July 7, 1978 (Drury et al.).
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Figure 1.n.%
aucous Qulls seen during
aerial transects in the Chukchi Sea
July 25, 27 & 29, 1978
{Drury et al.).
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Figure 1.p.9f .
G aucous cuisseen during

aerial transects in the Chukchi Sea
August 18 & 19, 1978

(Drury et al.).
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Distribution and abundance of d aucous Gulls
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Distribution and abundance of d aucous Gulls

Figure 1.D.%h
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Fi gure 1.D.10a
Bl ack-1egged Kittiwakes seen during aerial transects

in the Chukchi Sea in the presenceof sea ice
June 9, 1978 (Drury et al.).
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Figure 1.p.10b
Bl ack. -1 egged kittiwakes Seen during aerial transects
in the chukchi Sea in the presence of sea ice
June 24, 1977 (prury et al.).
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Figure 1.p.10d

Bl ack- | egged Kittiwakes seen during
aerial transects in the chukchi Sea
July 7, 1978 (prury et al.).
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Figure 1.p.10e

Bl ack- | egged Kittiwakes seen during
aerial transects in the chukchi Sea
July 25, 27, 29, 1978 (brury et al.).
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Figure I.D.10f

Black-legged Kittiwakes seen during

aerial transects in the Chukchi Sea
August 18, 19, 1978

(Drury et al.).X

Number of birds seen

+ 1

e 2-10

® 11-25
@ 26-100

' 101-500
‘ 5500

¥ Asterisks indicate lLines allong which
onbly one observer recorded data; nunber?
al ong those lineshave been doubl ed.

262




Bl ack-l egged Kittiwakes in
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[I. SURFACE TRANSECTS (shipboard surveys)
A, Norton Sound
B. Chirikov Basin
c. Southern Chukchi Sea

D. Northern Chukchi Sea

The 40-fathom depth is outlined on the maps of the Chirikov Basin.
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Figure 1I.A.1
Murres seen during surface transects

o in Norton Soupd .@arg sSurveyor
‘August 5-13, 1976 (Drur‘& et al.). /
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Figure II.A.2
A1l Auklets (Least + Crested + Parakeet + Unidentified)
. seen during surface transects in Norton Sound

.+ . aboard Surveyor, .August 5-13, 1976 (Drury et al.).
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Figure II.A.3

Horned Puffins seen during surface transects
in Norton Sound aboard Surveyor

August 5-13, 1976 (Drury et al,).
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Figure II.A.4

Black-legged Kittiwakes seen during

surface transects in Norton Sound aboard Surveyor
August 5-13, 1976 (Drury et al.).
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Fi gure 11.8.1 Cruise track during periods of observation in the northern Bering
Sea, fromMy 27to June 10, 1978. Figure 98, page 229, in
Divoky et al ., 1979.
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Figure 1I.B.2a Distribution and abundance of murres in the northern Bering
Sea, May 27 to Jue 10, 1978. Figure 107, page 238, in Divoky et al., 1979,
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Figure IL.B.2b

Murres seen during surface transects
aboard Surveyor .
August 5-13, 1976 (Drury et al.}, TRy
September 7, 8, 1976 (Gould et_?lz). i
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Figure 11.8.3

Al Auklets (Least + Crested +
Parakeet + Unidentified) seen during
surface transects aboard Surveyor
August 5-.3, 1976 (Drury et al.),

Septenber 7, 8, 1976 (Gould et al.).
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Figure 11. B.4a Distribution and abundance of Least Auklets In the northern

Bering Sea, May 27 to June 10, 1978. Figure 110, page 241
in Divoky et al., 1979.
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Figure 11. B.ab

Least Auklets seen during surface transects et
aboard Surveyor
Septenber 7, 8, 1976 (Gould et al.}.
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Figure II.B.5

Crested Auklets seen during
surface transects aboard Surveyor -
September 7, 8, 1976 (Gould et al.).
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Figure II1.B.6 TR
Parakeet Auklets seen during '
surface transects aboard Surveyor

September 7, 8, 1976 (Gould et al.).
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igure IT.B.7 e
orned Puffins seen during .
wrface transects aboard Surveyor

wgust 5-13, 1976 (Drury et al.),
eptember 7, 8, 1976 (Gould et al.).
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Figure 1I.B.8

Tufted Puffins seen during
surface transects aboard Surveyor

September 7, 8, 1976

(Gould et al.).
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¢ 1
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Fi gure 11.3.9
G aucous 6ulls seen during surface
transects aboard Surveyor

Septenber 7 & 8, 1976

(Could et al.).
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: : Distribution and abundance of Bl ack-|egged Kittiwakes in the
Figure It.B.10a northern Bering Sea, May 27 to June 10, 1978. Figure 104
pate 235, in Divoky et al., 1979
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“igure 1I1.B.10b
Bl ack-1egged Kittiwakes seen during

surface transects aboard Surveyor
August 5-13, 1976 (prury €t al.),
Septenber 7, 8, 1976 (Gould et al.)
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Figure 11.C.la

Di stribution and abundance of all

and southem Thukehi Sea, July 31 - August 1,
1979.

Figure 56, page 189,in Divoky et al.,

1975.
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Figure 11.¢c.1b  Distribution and abundance of murres in the Bering Strait
and southern Chukchi Sea, Septenber 15-20, & 22, 1976.
Figure 172, page 199,in"Divoky et al., 1978.
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Figure TI.C.lc Distribution and abundance of murres in the Bering_ Strait

and sout hern chukchi Sea, Septenber 28-29, 1976.
Figure 79, page 211, in Divoky et al., 1979.
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Figure 11.c.2 Distribution and abundance of Common Murres in the Bering
Strait and southern chukchi Sea, July 31 - August 1, 1975.
Figure 52, page 185, in Divoky et al., 1979
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Figure I1.C.3 Distribution and abundance of Thick-billed Hurres in

the Bering Strait and southern chukchi Sea, July 31 -
August 1, 1975. Figure 54, page 187, in Divoky et al., 1979.
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Figure. II.C.4a

Distribution and abundance of Least Auklets in the Bering

Strait and southern Chukchi Sea, July 31 - August 1. 1975.

Figure 61, page 193,

i N Divoky et al., 1979.
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Figure 11.c.4p  Distribution and abundance of Least Auklets in the Bering
Strait and southern chukchi Sea, Septenber 28-29, 1976. °
Figure 83, page 214, in Divoky et al., 1979.

[20° 188° 158°
{ 1

BIRDS PER kM’

® E 31

. 1y -10 |
® W1-23

@ 251-w0 ‘

‘ . 100

k3
ok
2

56
@

R, A

170° 163° 183° 134°

289



Figure 1r.c.5a  Distribution and abundance of Crested Auklets in the
Bering Strait and southern chukchi Sea, July 31 - August 1,
1975.  Figure 60, page 192, in Divoky et al., 1979
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Figure 1i.Cc.5b Di stribution and abundance of Crested Auklets in the Bering
Strait and southern Chukchi Sea, Septenber 28-29, 1976.
Figure 82, page 213, in Divoky et al., 1979.
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Fi gure 1T.c.6a

Di stribution and abundance of Parakeet Auklets in the Bering
Strait and southern Chukchi Sea, July 31 - August 1, 1975.
in Divoky et al., 1979.

Figure 59, page 191,
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Figure. Ir,C.6b Distribution and abundance of Parakeet Auklets in the
Bering Strait and southern chukehi Sea, Septenber

15-20, & 22, 1976. Figure 174, page 201, in Divoky
et al., 1978.
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Figure II. C.6c Distribution and abundance of Parakeet Auklets in the

Bering Strait and southern Chukchi Sea, Sept ember 28-29, 1976.
Figure 81, page 212, in Divoky et al., 1979.
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Figure II.C.7a  Distribution and abundance of Horned Puffins in the Bering
Strait and southern Chukchi Sea, July 31 - August 1, 1975.
Figure 63, page 195, in Divoky et al., 1979.
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Figure 11.c.7d6  Distribution and abundance of Homed Puffins in the
Bering Strait and southern chukehi Sea, Septenber
15-20, &22, 1976. Figure 17%, page 205, in Divoky
et al., 1978.
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Figure. 11.c.8a  Distribution and abundance of Tufted Puffins in the Bering
Strait and southern Chukchi Sea, July 31 - August 1, 1975
Figure 65, page 197, in Divoky et al., 1979,
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Figure II.C.8b Distribution and abundance of Tufted Puffins in the
Bering Strait and southern chukehi Sea, Septenber
15-20, &22, 1976. Figure 179, pate 206, in Divoky

et al., 1978.
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Figure 11;C.9%

Distribution and abundance of G aucous Qlls in the Bering
Strait and southern chukchi Sea, July 31 - August 1, 1975.
Figure 46, page 180, in Divoky et al., 1979.
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Figure 11.c.9p  Distribution and abundance of G aucous Gulls in the
Bering Strait and southern chukchi Sea, Septenber 15-20,
& 22,°1976. Figure 168, page 195, in Divoky et al., 1978.
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Fi gure 11.C.9% Di stribution and abundance of G aucous Qulls in the Bering
Strait and southern Chukchi Sea, Septenber 28-29, 1976.
Figure 76, page 208, in Divoky et al., 1979.
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Figure 11.€.10a Di stribution and abundance of Bl ack-legged Kittiwakes
in the Bering Strait and southern chukchi Sea, July 31 -
August 1, 1975. Figure 48, page 182, in Divoky et al., 1979.
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Figure 11.¢.10b  Distribution and abundance of Bl ack-legged Kittiwakes in

the Bering Strait and southern chukchi Sea, Septenber

%57-820, & 22, 1976. Figure 170, page 197, in Divoky et al,
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Figure 11. C1CC Distribution and abundance of Bl ack-|egged Kittiwakes in
the Bering Strait and southern cChukchi Sea, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>