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SUMVARY AND CONCLUSI ONS

To conmpare habitat uses by marine-associated birds and mammals in the
coastal regions of the eastern Al askan Beaufort Sea with those in the
central and western portions, biological investigations were conducted in
the Beaufort Lagoon region of north coastal Alaska during early August and
late September 1982. These investigations included 1) six aerial surveys
to docunent the distribution and abundance of marine mammals and birds in
nearshore marine waters fromBarter Island to the Al aska-Canada border, 2)
four aerial surveys to document the distribution, abundance and habitat
relationships of marine birds and mammals in coastal |agoons and adjacent
nearshore regions and 3) nine surveys to document the distribution,
abundance and habitat relationships of shoreline-associated birds and
manmal s in the eastern Beaufort Sea region of Alaska. |In addition,
representative sanples of feeding oldsquaws and phalaropes (key bird
species in this area) and of their potential prey in feeding habitats also
were col | ected.

Few marine birds or mammals were recorded during aerial surveys of
nearshore marine waters in August, except that a significant nunber of
bearded and ringed seals were recorded throughout the study area on 4
August. On all survey dates in August, ice was present in virtually the
whol e study area fromBarter Island to the Al aska-Canada border. Few
marine birds and manmal s were recorded during the second sanpling period
(15-23 September) until 22 Septenber, when 128 bowhead whales were
observed on- and off-transect in the eastern half of the study area. Mbst
of these whales (91, 71% were on-transect. Based on conservative density
extrapol ations, at least 281.5 bowheads were estinmated to be present in
the eastern half of the study area. O these, 4.9% were young-of-the-
year. \Mters where whales occurred were very turbid which allowed only
limted observations of behavior (feeding, mgration). Nne of 11
bowheads that were nmoving were oriented towards the west; two were
oriented towards the north. Forty-nine bowheads were resting on the
surface and 12 were diving; these whales may have been feeding. There was
no evidence during this study that bowhead whales, or other marine mammals
or birds, were concentrating (to feed) in any particular part of the study
area.  However, the concentration of bowheads in the eastern half of the
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study area on 22 Septenber was one of the |largest recorded since
exploitation of this stock began late in the |ast century.

O dsquaws werethe nost abundant birds recorded in | agoon habitats in
the Beaufort (Nuvagapak) Lagoon study area. Densities of this species
were highest along md-1agoon and mainland shoreline transects in the
study area, which was a different distribution of oldsquaws than had been
found in other recent investigations in this area, end in investigations
in other lagoons along the central Alaskan Beaufort Sea coast. There was
no evi dence that oldsquaws concentrated to feed near the entrances to
| agoons in this area.

Red- necked (northern) phalaropes (primarily feeding juveniles) wth
smal l er nunbers of red phalaropes and sanderlings were the nost abundant
birds recorded along barrier island shoreline habitats in August. In
Septenber, an apparent influx of red phalaropes from offshore resulted in
more of these birds than red-necked phalaropes in shoreline habitats.
Only glaucous gulls were recorded in significant densities along mainland
shoreline transects in this study; several pairs nested adjacent to this
transect.

The diets of feeding oldsquaws and phalaropes collected in this study .
were simlar to those of birds collected in Sinpson Lagoon along the
central Al askan Beaufort coast in 1977 and 1978. Both mysid and anphi pod
crustaceans were inportant items In the diets of both ol dsquaws and
phal aropes. A larger proportion of small cottid fish (sculpins) was
present in the diets of ol dsquaws and phalaropes in the Beaufort Lagoon
area than in other coastal l|agoons investigated. Some fish weretaken in
shoreline habitat sanples where phal aropes were feeding when they were
collected, but no fish were present in drop net sanples taken where
feedi ng ol dsquaws were collected. Msids and anphipods (primarily
Gammarus setosus) and SONE benthic Or gani SN (polychaete worms) domni nat ed
habitat sanples where feeding ol dsquaws were col | ected.

| NTRODUCTI ON

The nearshore Beaufort Sea of Alaska supports a nunber of marine

mamal s and birds that are impertant |ocally and nationally (e.g. whales,
seals, waterfow). In recent years, much research on these species has
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been conducted in the central and western Beaufort shelf regions of
Al aska, where petroleum interests have been most immediate. Currently,
petroleum related interests have expanded eastward, signaling the need to
conduct research on birds and marine manmal S there. This report presents
results of research conducted in the portion of the Alaska Beaufort Sea
between Barter Island and the Al aska-Canada border during two summer
sanmpling periods in 1982,

STUDY AREA

The "PREFACE" to this volume Qgives a general description of the
overal | study area. However, Figures 2-1 and 2-2 in this Chapter on
‘Birds and Marine Manmal s"give specific locations of aerial survey and
ground transects associated with this part of the project.

METHODS

Investigations of marine birds and manmals during this study were
conducted during two field sanpling periods (1-8 August and 15-22
Septenber 1982) that included at least 1) three aerial surveys or attenpts
of surveys of 12marine transects, 2) two aerial surveys of the four
| agoon transects and 3) three surveys of the 10 shoreline transects (see
Figs. 2-1 and 2-2). In addition, during each of the two sanpling periods,
col lections were made of at |east 10 feeding oldsquaw ducks. During the
August sanpling period, 10 feeding phalaropes al SO were coll ected.
Sanpl es of prey of oldsquaws and phalaropes were collected from areas
where the birds were feeding when they were collected.

Aerial Surveys of Nearshore Marine Waters

It was hypothesized before the field program (see Truett 1982 for a
report of workshop proceedings) that marine mammals and birds may
concentrate in an area of upwelling between Barter |sland and the Al aska-
Canada border in water depths of 25-40 m. The aerial surveys of nearshore
marine waters were designed to docunment the distribution and abundance of
marine mamal s and birds in these nearshore waters, in order to evaluate
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Nearshore marine aerial survey transects in the study area.
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Beaufort Lagoon, Al aska, study area showing the aerial survey route through the [|agoons
and the locations of shoreline transects surveyed in August and Septenber, 1982.




this hypothesis. Aerial. surveys were conducted duringthe first sanpling
period on 1, 4 and 8 August and during the second sanpling period on 15,
18 and 22 Septenber. Table 2-1 gives the nunber of’' transects and the
areal coverage of each survey

111 three surveys of marine waters were conducted in a DeHavilland
Twin Qter equipped with an VLF Orega navi gation systemand a radar
altineter. The surveys were flown at an altitude of 152 mand at aspeed
of 212 kmih.  Twelve transects were established along lines of |ongitude
15 minutes (about 8.8 kmor 5-anm) apart, from 143%s'y in the West, to
141°% (Al aska- Canada border) in the East. The southern end of each
transect was near the seaward beach of the nainland or barrier island
(Appendix 2-1). Each transect was approximately 35.2 km (20 n ni) |ong
and 1.6 km wide (56.3 km?), extending seaward to water depths of between
40 and 60 m  Two surveyors were seated on opposite sides of the aircraft,
two seats behind the pilot and co-pilot. They recorded into portable tape
recorders all mammals and birds within 800 mof the aircraft (on-transect)
and all those seen that were farther than 800 m (off-transect). It was
not possible to see directly beneath the aircraft, and some individuals
may not have been detected in this area. Clinometers were used to
determ ne the 800 m di stance and binoculars were used to aid in
identification of birds and marine mammals. Each transect was divided
into |-reintime intervals using a timng device audible to both observers.

The information recorded during each survey was of four types: 1)
systematic information about the transect (tine, visibility, weather,
extent of ice, direction of travel, etc.); 2) systematic informtion about
habitats below the aircraft at |-rain intervals (percent ice, mneltwater,
etc.); 3)systematic information about each sighting of a bird or nmarine
manmal (nunber, behavior, sex, etc.); and 4) general remarks. Al
i nformation except general remarks was nunerically coded and transcribed
later onto data forns.

Lengths of the transects and locations of the sanpling intervals and
mari ne mammal Sightings along each transect were determ ned from the
constant readout of the QOmega VLF navigation system which was visible to
both observers.

272



Table 2-1.

Nunber of transects and the area surveyed during narine mannal
surveys of nearshore water between Barter Island and the

Al aska- Canada border, 1982.

Date

August

co i~

Sept enber

15
18
22

Number of

Transect s

Surveyed

7+
12
12

12
12
8 (12)**

Area
Surveyed
(km?)

273.1
675.6
675.6

675. 6
675. 6
326.6 (573.7)**

Time of Survey (ADT#)

start End

13:26 15:08
09:21 12:10
09:50 12:38
13:02 16:39
14:14 17:08
13:49 15:57

* Alaska Daylight Tine.

* Fog obscure

portions of Transects 1 and 7-9.

##Fog obscured visibility and prevented the survey of Transects 2-4 and 6
and portions of Transects 1, 5 and 7-9.
were established in order to nore conpletely survey the area not

obscured by fog on this date (see Fig. 2-4).
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Aerial Surveys of Lagoons and Adjacent Nearshore Marine Wters

Before the field program it was hypothesized (Truett 1982) that the
speci es conposition? timng of use, distribution and abundance of birds
(primarily oldsquaws and phalaropes) i N lagoons in the eastern Beaufort
Sea of Alaska would be simlar to what had been observed for birds al ong
the central Beaufort coast in earlier studies. The aerial surveys of
| agoons in the study area were designed, in part, to examne the
distribution and abundance of marine birds during early August and md- to
late Septenber in order to evaluate the above hypothesis.

Figure 2-2 shows the locations of the three transects through
Beauf ort Lagoon, Angun Lagoon and Pokok Bay and the one transect in
adj acent nearshore waters.  The survey procedures and positions of these
transects are simlar to those described in Johnson and Richardson (1981)
for surveys in the Sinpson Lagoon area.

Al of the lagoon and nearshore surveys were conducted in a Bell 204
hel i copter flown at 30 m ASL and at a speed of approxinmately 160 kmh
The nearshore transect (Transect 1) was |ocated approxi mately 1.6 km
of fshore of and parallel to the barrier islands and spits. The barrier
i sland transect (Transect 2), was |ocated 200 msouth of the barrier
I slands and spits, the [agoon transect (Transect 3) was through the
approxi mate center of each lagoon, and the mainland transect (Transect 4)
was | ocated approximately 200 mto the |lagoon side of the mainland
shorel i ne.

Procedures during |agoon surveys were simlar to those described
above for surveys of marine waters. However, the aircraft was a
helicopter rather than a fixed-wing aircraft, the transects were narrower
(200 nrat her than 800 beachside of the aircraft), the survey altitude
(30 m and speed (161 km'h) were lower and slower, and the time intervals
along the |agoon and nearshore transects were 30-sec rather than 1-min.
211 of the data recording procedures were identical to those described
earlier for marine surveys. Mre detailed information about the aeria
surveys in the Beaufort Lagoon area is given in Appendix 2-11.
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Shoreline Surveys

Prior to the field program it was hypothesized (Truett 1982) that
the species conposition, distributions and abundances of shorebirds
(mai nly phalaropes) al ong the beaches, spits and barrier islands in the
eastern Al askan Beaufort Sea were simlar to those in the centra
Beauf ort. Shoreline transects were designed to neasure the distribution
abundance and habitat utilization of birds (and mammals) aleng the barrier
islands in order to evaluate this hypothesis.

Five transects were established along seaward shorelines of the
barrier islands and four were established along the lageonside beaches of
the barrier islands. Athough research in the Sinpson Lagoon area in 1977
and 1978 (Johnson and Richardson 1981) indicated that mainland shorelines
were rarely used by shoreline-associated birds or manmmals, we neverthel ess
established and nonitored one long mainland shoreline transect throughout
this study. Each barrier island transect was 1 kmlong by 20 mw de (10
meither side of the waterline). The mainland shoreline transect was 2 km
long. The start and end points of the transects were marked with wooden
pol es.

Tabl e 2-2 summarizes information about censuses of each of the
shoreline transects. During each survey, all ten of the transects were
censused in one 8-h period. The surveys were conducted either froma
slowy noving boat, as described in Johnson and Richardson (1981) or, by
slowly wal king adjacent to the transect. Al data were recorded into
field notebooks. Binoculars were used to aid in identification of
species.  The followi ng information was recorded about each transect and
birds or mammal s sighted:

1. The date, transect nunber, observers, start and end time of
the survey, weather and water conditions and direction of
travel.

2. The nunber of individuals of each species present on the
transect (within 10 mof the waterline) or adjacent to it
(off-transect).

3. The behavior of each bird or groupof birds sighted zlong
or adjacent to the transect.
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Table 2-2.  Sampling schedul e of shoreline transect in the Beaufort Lagoon
area of the Al askan Beaufort Sea.

Nunber of km of Shoreline Transects Surveved

Dat e of Barrier Island

Survey (ceansi de LagoonSi de Mai nl and
August

2 4 3

3 3 2 2

4 5 4 2

6 5 4 2

7 4 3 2

8 l 1
Subt ot al 22 17 8
Sept enber

16 5 4 2

18 5 4 2

21 4 3 2
Subt ot al 14 T — &
TOTAL 36 28 14
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Feedi ng Studies

Studies of the feeding ecology of marine birds provide a key link in
the interpretation of relationships anong physical paraneters, biological
productivity, and distribution and abundance of marine birds in barrier
i sl and-1agoon systems. The primary purpose of the avian feeding ecol ogy
studies was to determ ne which food organisms conprised inportant portions
of the diets of those species of birds nost widely distributed and nost
abundant in the study area (ol dsquaws and phalaropes).

Col I ections of Birds and Habitat Sanples

On |-8 August, 22 oldsquaws (x = 3.8 birds/collection) and 10
phalaropes (X = 3.3 bhirds/collection) were collected in Beaufort Lagoon,
Angun Lagoon and Pokok Bay. Later, during 15-23 Septenber, 13 nore
ol dsquaws were collected in Beaufort Lagoon. Mbst of the oldsquaws and
all of the phalaropes were collected while they were feeding. The stomach
contents of the birds were retained for prey analysis.

Sanples of potential food organisms (hereafter referred to as habitat
sanpl es) were obtained imediately after collection of the birds, and from
the precise locations at which the birds were feeding when they were
col I ect ed.

Since earlier studies of feeding oldsquaws in Sinpson Lagoon (Johnson
and R chardson 1981, Johnson in press) showed that they fed almost solely
on epibenthic organisms, our sanpling of oldsquaw prey in this study was
conducted only in the epibenthos using a drop net,. Phalarope prey were
sanpl ed al ong shorelines using a neuston net. Johnson and Ri chardson
(1981) and Griffiths and Dillinger (1981) Qi ve details of the procedures
and equi pnent used to sanpl e oldsquaws and phalarepes and their prey in
this study.

Simlarly, the laboratory procedures used to sort, identify, weigh
and measure the prey taken from ol dsquaws and phalarope Stomachs and the
potential prey taken fromthe habitat sanples were identical to those used
in previous studies. Those procedures are thoroughly described in
Griffiths and Dillinger (1981), Johnson and Richardson (1981) and Johnson
(in press).
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RESULTS

Aerial Surveys of Nearshore Marine \Mters
Surveys During August

Consi derable ice was present throughout the study area during the
entire 1-8 August sanpling period. In addition, high wnds, rough seas
and extensive fog over about 60% of the area resulted in very poor survey
conditions on 1 August (Table 2-3). On this date no marine manmals and
only a few birds (primarily glaucous gulls) were recorded on-transect
(Tables 2-4 and 2-5). It should be noted, however, that many birds (snal
species or -those not flying) are difficult to detect froma survey

altitude of 152 m
Al though ice covered nuch of the study area (Present on 128 of 130

time periods; mean area covered by ice was 60.8%, survey conditions on 4
August were considerably inproved from 1 August and the entire study area
was surveyed. Bearded seals (20 individuals;, 0.03/knf) and ringed seals
(14 individual's; 0.02/knf) were uniformy distributed (hauled out on ice
pans) on all 12 transects across the study area. On the basis of sinple
extrapol ation across the study area, it was estimted that about 75 and 50
bearded and ringed seals, respectively, were present in the entire 2546.5
knfof marine habitat east of Barter Island on 4 August 1982. No whal es
were recorded in the study area on 4 August and westward mgrating eiders
were the only birds recorded in densities greater than o.4/xm2 (Table 2-
5 .

Survey conditions on 8 August were nearly perfect and the entire
study area was surveyed. Although ice persisted throughout (present on
117 of 124 time periods; the nean area covered by ice was 52.2%), W nds
and seas were calm and no fog was encountered (Table 2-3). No whal es
were recorded and notably | ower densities of bearded seals (12
invididuals; 0.02/km?) and especially ringed seals (3 individuals;
<0.01/km2) were recorded on 8 August conpared with densities recorded on
the survey four days earlier (see Table 2-%). O four groups of
wat erbi rds recorded on 8 august, only the density of oldsquaw ducks
(0.03 /xkm2) exceeded 0.01 individuals/km? (Table 2-5).
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Table 2-3.  Conditions during marine manmal surveys in the area between Barter Island and the Al aska-
Canada border, 1982.
. . Esti mat ed Esti mated
Survey Time Periods g Ice Location Transects Wth Wnd Speed VWave
Dat e # # Wth Ice % + s.d. O Ice >50% Fog (km'h) Ht (M)
August
1 50 34 10.8 + 17.6 <8 km 1-7 35 1
from coast
4 130 128 60.8 + 32.0 Thr oughout None 8 0.3
8 124 117 52.2 1 29.0 Thr oughout None Cal m 0
Sept enber
15 126 30 7.3+ 6.0 <8 km None 8 0.2
from coast
18 129 26 5.5 £ 6.5 <8 km None 35-50 1-3
from coast
22 62 10 25.9 + 33.9 <8 km and 1-6 Calm-8 0.5
>26 km

from coast
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Table 2-4.  CQverall numbers and densities of ringed, bearded and unidentified seals, and polar bears in
nearshore waters between Barter Island and the Al aska-Canada border, 1982.

Date in Nunber of kni Ringed Seal Bearded Seal Unidentified Seal Polar Bear
1982 Surveyed # #/km # #/xm? # #/km? £ #/xm?
August
1 273.1 0 0 0 0 0 0 0 0
l 675. 6 14 0.02 20 0.18 3 <0.01 1 <0.01
8 675.6 3 <0.01 12 0.02 0 0 1 <0.01
Sept enber
15 675. 6 5 0.01 8 0.01 0 0 0 0
18 675. 6 1 £0.01 0 0 0 0 0 0
22 326 .6 2 <0.01 0 0 0 0 1 <0.01
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Table 2-5.

Overall nunbers and densities of glaucous gulls, oldsquaws, eiders and other birds
in nearshore waters hetween Barter |sland and the Al aska-Canada border, 1982.

Date in
1982

August

o I~

Sept enber

15
18
22

Number
of km?
Surveyed

273.1

675.6
675.6

675.6

675.6
326. 6

Glaucous Gull me? _ALl__liLLdgzg_Z Au_o_thgr_fm‘_d%
# #/km? # #/kme  # #/km # #/km

7 0.03 0 0 0 0 2 0.01
62 0. 09 50 0.07 89 0.13 15 0.02
5 0.01 21 0.03 1 <0.01 5 0.01
8 0.01 15 0.02 18 0.03 83 0.12
3 <0.01 0 0 2 <0.01 1 <0.01
8 0.01 1 <0.01 O 0 40 0.12

*This category includes all

loons, white-fronted geese, phalaropes, ravens, murres, jaegers,

bl ack- | egged kittiwakes and unidentified ducks.



Surveys During Septenber

Significantly less ice was present throughout the study area during
Sept enber than during August. During the survey on 15 Septenber, ice was
recorded during only 30 of 126 tine periods and the mean area covered by
ice was only about 7.3% (Table 2-3); nost of this ice appeared to be
grounded along the coast. No seals were recorded in densities higher than
0.01/km2 during the 15 Sept enber survey, and aside fromone flock of 80
white-fronted geese recorded on-transect near the start of Transect 7, few
birds were recorded in nearshore marine waters between Barter Island and
the Al aska-Canada border (Tables 2-4 and 2-5).

The 15 Septenber survey was significant, however, in that bowhead
whal es (seven different individuals) were recorded for the first time
during the aerial survey program One was on-transect resting at the
surface near the beginning of Transect 5 and the renaining six whales were
of f-transect near the end of Transect 9 and near the start of Transect 10
(Fig. 2-3). Since the distribution of the few bowheads seen on 15
Sept ember was very uneven, no attenpt was nmade to estimate, on the basis
of the number seen, the total nunber in the survey area. Survey
conditions were nearly perfect on this survey. It is likely that few
whal es were undetected because of poor weather or rough water; w nds and
seas were relatively calmand no fog was encountered.

Conditions during the aerial survey on 18 Septenber were poor because
of high winds and very rough seas (Table 2-3). Few narine mamal s and
birds were recorded. O the three marine manmals recorded on-transect,
two were bowhead whales (single individuals on Transects 7 and 12) and cne
was a ringed seal (Transect 4) (Table 2-4, Fig. 2-3). O the six marine
birds recorded on-transect, three were glaucous gulls and two were eiders
(see Table 2-5).

The aerial survey on 22 Septenmber was remarkabl e because of the |arge
nunber of bowhead whal es seen (128 individuals) (Fig. 2-4), despite
relatively poor survey conditions. Al though winds and the sea were
relatively calm fog prevailed over most of the western half of the study
area (Transects 1-6), obscuring visibility and frustrating attenPts to
conduct a thorough survey. Sixty-one bowheads, i ncluding three young-of-
the-year individuals, were seen on-transect in the eastern half of the
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study area (Transects ‘7-12]; another adult sized individual was seen al ong
Transect 5. An additional 29 bowheads (including one young-of-the-year
i ndividual) were seen onfour opportunistic transects established in the
study area (Fig. 2-4). However it is probable that some of the bowheads
seen on these opportunistic transects had been recorded earlier on
Transects T7-12.

A total of 42 bowheads were recorded off-transect, all in the eastern
hal f of the study area. Seven of these were recorded adjacent to
Transects 7-12, and 35 were recorded adjacent to Transects 13-16 (Table 2-
6). In general, too small a proportion (8% 50.7 knf) of Transects 1-6
was surveyed to enable reliable estimation of the total nunber of bowheads
in the western half of the study area. However, a sufficiently large
proportion (82% 275.9 knf) of Transects 7-12 was surveyed to enable
sinmple extrapol ations* of the on-transect densities over areas not
surveyed in the eastern half. Using this procedure, we conservatively
estimated that 281.5 bowhead whales were present in the eastern half of
the study area on 22 Septenber.

O the 95 groups of bowheads recorded on- and off-transect, nost were
single individuals (78%, far fewer were pairs (16%) and even fewer were
In groups of three (3%, four (none) or five (3% (Table 2-7).

Al t hough there appeared to be a disproportionately |arge
concentration of bowheads along Transects 10, 11 and 12 in the 18-27 m
(60-90 ft) depth range, a nore detailed analysis of the 22 Septenber
survey data indicated that the relative nunber of bowheads recorded in
each depth range was not significantly different fromthe relative survey
effort (nunber of knfsurveyed) in each depth range «= 1.71; d.f. =3
P>0.20). This analysis was based on the distribution of the 91 bowheads
recorded on-transect on all 16 transects surveyed on 22 Septenber

(including opportunistic Transects 13-16) (Table 2-8).

« Aerage density of bowheads\ /Surface area of eastern
on Transects 7-12; 0.221 hal f of the study = 281.5 bowheads
bowheads /km2 area; 1273.3 km@
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Table 2-6. Total numbers and densities of bowhead whal es observed during aerial
transects in nearshore waters between Barter Island and t he Al aska-Canada border,

Sept enber 1982.

surveys of 16

22

Total # Density of
Area Surveyed # on & off Bowheads Linear Density
Transect # (km?) n-transect  Off-transect Transect (# on/km?) (Total #/km
1 28.2 0 0 0 0.00 0.00
2 0
3 0
4 0
5 22.5 l 0 l 0. 04 0. 07
6 0
7 33.8 1 0 l 0.03 0.05
8 33.8 15(1)* 1 16 0. 44 0.76
9 39.4 5 0 5 0.13 0.20
10 56 .3 11(1) 0 11 0.20 0.31
11 56. 3 12 3 15 0.21 0.43
12 % 3 17(1) 3(1) 20 0. 30 0.57
13 73.8 15 23 38 0.20 0. 82
14 57 .5 6 1 7 0.03 0.19
15 64.8 6(1) 4 10 0.09 0.25
16 51.0 2 0 2 0. 04 0.11
Subt ot al /
Overal | * 326.6 62(3) 7 69 0.19 0059
Total /
Overal | 573.7 91(4) 35 126 0.16 0. 62

“Numbers in parentheses represent the nunber
*Does not include opportunistic Transects 13-16.

of adult «+ calf pairs.



Table 2-7. Approximate number* of bowhead whales of different group sizes
recorded in four different depth ranges## during aerial
surveys of nearshore waters between Barter Island and the
Al aska- Canada border, 22 September 1982.

Tot al Tot al
——Group Size* Groups = _Individuals
Depth (feet) ! 2 3 4 5 # % # 4

0- 30 0 1M(N++ 1 0 o 2 2.1 5 3.9

30- 60 19 5(2) 1 0 0 25 26.3 32 25.0

60- 90 39 1 O 0 2 42 44.2 51 39.8

90+ 16 8(2) 1 0 1 26 27.4 40 31.3
Total G oups T4 15(5) 3 0 3 95 100.0 o o
Total Individuals 74 30 9 o 15 128+++ 100. 0

# It was not possible to record the precise position of each bowhead,
therefore the above group size distributions by depth range shoul d be
consi dered approximate.

# The position of the 90 ft depth contour was estimated from Nati onal
Ccean Survey hydrographic charts 16041, 16042 and 16043.

"An aggregation of whales was considered to be a group if all
individuals were within approximtely two adult bowhead |engths (25-30
m of each other.

** Nunbers in parentheses represent the nunber of adult + calf pairs.
+++This total i,fc’ludes t wo bowﬁeads recordegbdurl ng ferry FPI ghts between

transects.
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Table 2-8. Relative proportions of bowhead whal es recorded and the area
surveyed I n each depth range in waters out to 40-60 m depths
between Barter Island and the Al aska-Canada border, 22
Sept enber 1982.

Total #

Dept h Total Total # Bowheads
Range # kP Bowheads O + O f
(ft) Surveyed# % On-transect g Transect 4

0- 30 35*3 6.1 5 5.4 5 3.9
30- 60 109*J-| 19.1 22 24.2 32 25.0
60- 90 202. 4 35*3 32 35.2 51 39.8
90+ 226. 6 39.5 32 35.2 40 31.3
Tot al 573*7 100.0 91 100.0 128+ 100*O°

®Each transect was 35.2 km (20 nm) long x 1.6 kmwi de (56.3 km?); the
total area of the 12 transects is approximtely 675.6 kni. The total
area of study was about 2547 kni.

“This total includes two whales recorded duringferyflights between
transects.
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Only three other marine mammal s were recorded on the 22 Septenber
survey (two ringed seals and one polar bhear) and, other than one flock of

white-fronted geese (0.10/km?), only nine birds (eight glaucous gulls and
one oldsquaw) Were recorded on-transect (see Table 2-5).

Aerial Surveys of Lagoons and Adjacent Nearshore Waters

The oldsquaw duck was the nost abundant bird recorded on all four of
the surveys of lagoon transects and on the adjacent nearshore transect
(see Fig. 2-2; Table 2-9). On three of the four |agoon surveys (2 and 8
August and 23 Septenber), the highest densities of oldsquaws were recorded
on the md-lagoon transect. On the one other survey (22 Septenber), the
hi ghest density was on the mainland shoreline transect.

(3 aucous gulls al so were nost abundant al ong md-|agoon and nmainl and
transects. This species was second in abundance only on 2 August; on all
other surveys, red-breasted nergansers were the second nost abundant bird
recorded (Table 2-9). Mergansers were particularly abundant along the
mai nl and shoreline (Transect 4) on 23 September (79 birds; 6.7/kn?) (Table
2-9) .

Shoreline Surveys

Phalaropes and sanderlings Were the nost abundant shorebirds recorded
along shoreline transects in the study area. The highest |inear densities
of phalaropes consistently wererecorded on transects along the |agoon
sides of the barrier islands (Table 2-10). Densities of sanderlings al so
were slightly higher along the |agoon-sides of the barrier islands during
August, but in Septenber, were greatest along oceanside barrier island
transects (see Table 10). Overall, for both sanpling periods, densities
of shorebirds (primarily phalaropes) recorded al ong lagoonside barrier
i sland transects were about twi ce as high as those along oceanside
transects.

Except for the relatively large influx of red phalaropes al ong the
lagoonside barrier island transects in Septenber, the density of red-
necked phalaropes exceeded the density of reds on all the barrier island
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Table 2-9. Nunbers and densities of oldsquaws, gl aucous gulls, red-
breasted nergansers and other birds recorded al ong four
transects through lagoon and nearshore habitats near Beaufort

Lagoon, Al aska, 1982.

Transect

1 P 3 4

Date and Species # #/km“* %  #/km- 4 ke $#  #/kn”

2 August

O dsquaw y 0.5 1312  76.6 3251 180.6 1025  43.7
@ aucous gul 0O O 12 1.4 4 0.4 12 1.0

R-b merganser 0 0 0O O 0O O 0O O

Qther birds 5 0.6 y 0.5 25 2.8 80 68

8 August
Oldsquaw 0O O 146 17.0 229 25.4 274  23.3
d aucous gul | 0 O 0O O 1 0.1 3 0.3
R-b nerganser 0O O 0O O 0O O 33 2.8
Qther birds 1 0.1 4 0.5 8 0.9 3 0.3
22 September
Oldsquaw 0O O 203 26.7 557  61.8 1242 105.8
d aucous qul | 1 0.1 3 0.4 27 3.0 16 1.4
R-b nerganser 0O O 35 4.1 1 0 30 2.6
Qther birds 1 0.1 19 2.2 6 0.7 2 0.2
23 September

Oldsquaw 26 3.1 135 15.8 527  58.4 339 28.9
@ aucous gul | 0O O 1 0.1 ! 0.1 36 3.1
R-b nerganser 17 2.1 11 1.3 0 0 79 6.7
Qther birds 0O O 30 3.5 6 0.7 6 0.5

#The areas (kni} of Transects 1-4 are 8.3, 8.6, 9.0 and 11.7,
respectively.

290



Table 2-10. Nunbers and |inear densities of phalaropes, sanderlings and
ot her shorebirds along shoreline transects in the vicinity of
Beaufort Lagoon, Al aska, 1982.

Beach Type
Barrier Island Barrier Island .
Cceansi de Lagoonsi de Mai nl and
Speci es # #lull # #/km# # # knt

2-8 Qngnﬁt

Al | phalaropes 83 3.8 103 6.1 34 4.3

Sanderlings 30 1.4 38 2.2 0 0

G her shorebirds 26 1.2 31 1.8 0 0

Subt ot al 139 172 34

n (km) 22 6.3 17 10.1 8 4.3
16-?1 September

Al'l phalarcpes 10 0.7 117 10.6 0 0

Sanderlings 37 2.6 0 0 0 0

O her shorebi rds* ! 0.1 0 0 0 0

Subt ot al 48 117 0

n (km 14 3.4 11 10.6 6 0
All Dates

Al'l phalaropes 93 2.6 220 7*9 34 2.4

Sanderlings 67 1.9 38 1.4 0 0

O her shorebirds# 27 0.8 31 1.1 0 0

Tot al 187 289 34

n (km 36 5.2 28 10. 3 14 2.4

®The category “other shorebirds includes (in order of abundance) black-
bel lied plover, unidentified shorebirds, semi-palmated sandpi per, ruddy
turnstone, Baird' s sandpi per and |esser golden plover.
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transects by a ratio of about 10:1. No red-necked phal aropes were
recorded on the 2-kmlong nainland shoreline transect and no phalaropes
were recorded on this transect during Septenber.

Summaries of phalarope densities along all transects during August
and September are given in Table 2-11. Summaries of the distribution and
relative abundance of other water-associated birds are given in Table
2-12.  Densities of glaucous gulls were highest along the mainland
shoreline transect during August and densities of oldsquaws were highest
al ong lagoonside barrier island transects during August. On 16 and 18
Septenber, a total of seven different sets of polar bear tracks were
recorded along four separate shoreline transects on barrier islands. No
pol ar bears or tracks were seen in the study area during August, even
though the Beaufort Sea pack ice was very close to the barrier islands in
the study area during this sanpling period.

Feeding Studies

O dsquaws

Thirty-five oldsquawswerecol | ected during August and Septenber 1982
in Pokok Bay and Angun and Beaufort lagoons (Fig. 2-2). Table 2-13 shows
the nunber of males and females, and the neans of body weights, wing
| engt hs, subcutaneous fat thicknesses and estimates of stomach fullness
(Hynes points) for these 35 ol dsquaws.

Twent y-four ol dsquaws had stomachs with food present. The contents
of these stomachs were conpared with the contents of 22 drop net sanples
taken at the locations where the birds had been feeding when they were
col I ect ed.

Epifauna, nanely small cottid fish (47%), nysids (38%) and anphi pods
(13%) were the dominant prey consunmed by oldsquaws, W th infauna
representing only a very small portion of the diet (<I% (Table 2-14). In
contrast, epifauna were only about half (52% the contents of drop net

sanples, and no small fish were taken in the drop nets. Infauna,
especi al |y polychaetes (36%, represented a major proportion (47% of the
drop net sanples. Appendix 2-111 provides detailed tabul ations of prey

consuned by cldsquaws as well as the contents of drop net sanples.
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Table 2-11. Nunbers and linear densities of phalaropes along Sshoreline
transects in the vicinity of Beaufort Lagoon, Al aska, 1982.
Beach Type
Barrier Island Barrier Island
Cceansi de Lagoonside Mai nl and
Speci es # #/ km # #/km # #'km
2=-8 August
Red 4 0.2 6 0.4 34 4.3
Red- necked 56 2.6 56 3*3 0 0
Uni dentified 23 - 1.1 41 2.4 0 0
Subt ot al 83 103 En
n (km) 22 3.8 17 6.1 8 4.3
16-21 September
Red 2 0.1 117 10.6 0 0
Red- necked 8 0.6 0 0 0 0
Uni dentified 0 0 0 0 0 0
Subt ot al 10 M7 i)
n (km 14 0.7 11 10.6 6 0 .
All Dates
Red 6 0.2 123 4.4 34 2.4
Red- necked 64 1.8 56 2.0 0 0
Uni dentified 23 0.6 31 1.5 0 0
Tot al 93 220 3y
n (km) 36 2.6 28 7.9 14 2.4
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.Table 2-12. MNunbers and linear densities of ol dsquaws, glaucous gulls and
ot her bvirds* al ong shoreline transects in the vicinity of
Beaufort Lagoon, Al aska, 1982.
Beach Type
Barrier |sland Barrier Island .
(ceansi de Lagoonsi de Mai nl and
Speci es # #/km? ¢ #/kme #/xme
2=8 August
d aucous gul | 5 0.2 11 0.7 44 5.5
Oldsquaw 20 0.9 204 12.0 4 0.5
Q hers 15 0.7 1 0.7 1 0.1
Subt ot al 30 226 39
n (km 22 1.8 17 13.3 8 6.1
16-?1 September
d aucous gul | 7 o5 2 0.2 4 0.7
d dsquaw 4 03 5 0.5 0 0
Others¥# 35 2.5 0 0 1 0.2
Subtotal 16 7 5
N (km) 14 3.3 11 0.6 6 0.8
All Dates
d aucous gul | 12 0.3 13 0.5 48 3.4
Oldsquaw 24 0.7 209 7*5 4 0.3
Q hers 50 1.4 1 0.4 2 0.1
Tot al 86 233 54
N (km) 36 2.4 28 8.3 14 3*9

*

Excl usi ve of shorebirds nentioned in Tables 10 and 11.
#%0n 16 and 18 Septenber, a total. of 7 different sets of polar bear tracks

were recorded along 4 separate shoreline transects on barrier islands.
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Table 2-13. Measurenents of ol dsquaws col | ected near Beaufort Lagoon, Al aska, 1982.

Sampl e
Size
(n)
2-8 August
Mal es 11
Femal es 11
17=22 Septenber
Mal es h(3)ne
Femal es 9(3)

Subcut aneous
Viéi ght Wng Length Fat Thi ckness
(g) (cm) (mm)

(x ¢ s.d.) (x + s.d.) (x & s.d.)
887.3 & 60.2 14.2 + 2.5 6.9 + 1.3
771.6 1 65.8 20.0 *3.4 5.1 + 1.4
836.0 + 11.0 22.5 + 0.7 2.2 £ 0.8+
766.9 £ 61.8 21.1 +0.8 2.7 +1.8

St omach
Ful | ness
(H.p.)®
(X ¢ s.d.)

oo
L] .
Ul w
K
o o
L] L 4
(o « N

I+ 1
owu

7.3 + 8.
6.4 4 I,

* Hynes Point values are based on visua

Griffiths et al. (1975) Johnson and Richardson (1981) and Johnson (in press)

&rocedures used to estimte fullness and assign Hynes Point val ues.
**Nunbers of young-of-the-year birds are in paréntheses.

+n=3nmles and n = 8 femal es,

respectively, for these % + s.d. conputations.

estimates of fullness, with 20 points as maxi num

descri be



Table 2-14. Conparisons of organisnms consumed by feeding ol dsquaws and
organi sms found in habitat sanples collected where birds were
feeding, Beaufort Lagoon, Al aska, 1982.

Stomachs (n=24) Habi tat Sanpl es (n=22)

Estimated Esti mat ed

Vet i ght Vet Vi ght

Taxon (g) 4 (g) %

Amphipods 10.'1 13.1 3.0 18.6
Mysids 31.2 37%7 2.7 16. 8
Smal | fish® 38.5 46.6 0.0 0.0
Isopods 1.1 1.3 1.1 6.8
Gast ropod 0.7 0.9 1.6 10.0
ALL EPIFAUNA 82.2 99.6 8.4 52.2
Bi val ves 0.3 0.3 0.8 5.0
Polychaetes 0.0 0.0 5.8 36.0
Gt hers 0.1 0.1 1.1 6.8
ALL | NFAUNA 0.4 0.4 7.7 47.8
TOTAL 82.7 100.0 16.1 100.0

*Primarily sculpins (Cottidae).
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Phalaropes

Ten phalarcpes Were coll ected in Angun Lagoon and Beaufort Lagoon
during August 1982. Table 2-15 shows the species conposition and the nean
wei ghts and subcutaneous fat thicknesses of these 10 birds--all were
young- of -t he-year mal es.

Al'l 10 of the phalaropes had some food present in their stonachs.
These stomach contents were conpared with the contents of five habitat
sanpl es taken al ong the lagoonside shorelines where these birds were
feeding when they were collected (Table 2-16).

Smal | fish (329, amphipods (35% and mysids (33% each represented
about equal proportions of the diet. In the shoreline habitat sanples,
nmysids (54%, small fish (21% and amphipods (21.4% were the dom nant
or gani sns.

In general, phalaropes consumed slightly nmore amphipeds and snal |
fish and fewer mysids conpared to what was available in their feeding
habitats.  Appendix |V provides detailed tabulations of prey consumed by
phalarcpes as Well as the contents of shoreline habitat sanples.

DI SCUSSI ON
Aerial Surveys of Nearshore Marine Waters
Seal s

In their study of feeding and trophic relationships of marine mammals
in the Alaskan Beaufort Sea, Frost and Lowy (1981)collected a |arge
sample of ringed seals seaward of Beaufort Lagoon in Septenber 1980. They
found that ringed seals were particularly abundant in these waters and
that they were feeding primarily on arctic cod and euphausiid Crustaceans
(Frost and Lowy 1981:52). They hypothesized that marine mammals nay
concentrate in this area to feed because of upwelling (Hufford 1974) and
associated high productivity between approximtely the 25-m and %0-m
bathymetric contours (see Truett 1982). During our aerial surveys seaward
of the barrier island in this area, we detected too few seals on nost
dates to enable us to nmake a proper evaluation of this hypothesis.
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Table 2-15. Measurenents of ten phalaropes* collected
Lagoon, Al aska, 7 August 1982.

near Beaufort

Speci es Sanpl e Size Viéi ght
Red phalarope 2 52.3 1 3.2
Red- necked phalarope 8 34.5 + 1.7

Subcut aneous
Fat

3.0 £0.0

2.9 2£0.6

#3711 ten of these phalaropes were yoOung-of-the-year males.

Table 2-16. Conparisons of organi sms consunmed by feeding phalaropes and
organi sms found in habitat sanples collected where birds were

feeding, Beaufort Lagoon, Al aska, 1982.

St omachs (n=10) Habi tat Sanples (n=5)
Esti mat ed Esti mat ed
Vet i ght Vet Vi ght
Taxon (M) 4 (mg) 9
Amphipods 413.7 34.9 50.0 21.4
Mysids 385.6 32.6 127.0 54. 3
Smal | fish® 380.3 31.9 48.0 20.5
Copepods 0 0 1.0 0.4
Gast ropod 0 0 1.0 0.4
| nsects 4.4 0.3 0 0
G hers 0 0.3 7.0 3.0
TOTAL 1184.0 100.0 234.0 100.0

¥Primarily Snal| sculpins (Cottidae).
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However, the small nunber of seals seen suggests that this area is not an
I nportant concentration area for these marine mammals in August and
Sept ember .

The relatively high densities of both bearded and ringed seals
recorded during our surveys in August 1982 (particularly on 4 August;
Table 2-4) conpared with surveys in Septenber 1982 was probably a result
of the large amount of ice (pans) present throughout the study area in
August. Virtually all of the bearded seals (31 of 32 individuals) and
nmost of the ringed seals (10 of 17 individuals) seen were hauled out on
ice pans. No doubt they were nore conspicuous and nore easily detected
haul ed out than if they had been swnming in the water. Sever al
investigators (Burns and Frost 1979, Kingsley et al. 1982, and Stirling et
al. 1982) have shown that densities of both ringed and bearded seals in
the Beaufort Sea during spring are strongly and positively correlated with
the amount of ice present. This relationship has not been thoroughly
investigated during the summer and fall periods, when our surveys were
conduct ed.

Water depth and type of ice (fast ice vs. broken ice) are other
inportant variables affecting the distribution and density of both ringed
and bearded seal s during spring when ice is present in nearshore waters.
Bearded seals apparently prefer broken rather than shorefast ice (they
haul out on the edges of ice pans) and relatively shallow water (they are
primarily bottomfeeders). Ringed seals, on the other hand, apparently
avoid extremely deep and extremely shallow water and prefer very large
pans or stable shorefast rather than broken ice. They feed in the water
colum, under the ice and near the bottom and haul out near heles and
cracks on shorefast ice or on very large pans (Kinglsey et al. 1982,
Stirling et al. 1982). Virtually all of the ice present in the study area
during August and Septenber 1982 consisted of variable-sized pans; no
shorefast i Ce was encountered. However, the degree to which these
rel ationships hold true during summer and fall are presently unknown.

Few studi esof seals have been conducted in the eastern part of the
Al askan Beaufort Sea during summer and fall. Mst have been conducted
during spring and early sunmer when ringed seals are nolting and a |arge
proportion are hauled out on the ice for relatively long periods and are
therefore easy to count. During the few spring surveys conducted in the
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area between Barter Island and the Al aska-Canada border, the densities of
ringed seals were simlar to those recorded in areas to the east and west
(see USFWS 1982:226-228 for a review).

Bowhead Wal es

Evidence from current investigations of bowhead whales in the eastern
Beaufort Sea (Ljungblad et al. 1980; Ljungblad 1981, 1982: Ri chardson
1981, 1982; Davis et al. 1982, 1983) suggest that the peakof their fall
nmovenment from the western Canadian to the eastern Alaskan Beaufort Sea
occurs in late Septenber. Evidence fromother studies (Lowry and Burns
1980, Frost and Lowy 1981) suggests that these whales may concentrate to
feed for several weeks during the fall in the shelf zone around the 25- to
40-m bathynetric contour, near and east of Barter Island. The aerial
surveys of nearshore marine waters conducted in this study were designed
to investigate in nore detail the distribution and abundance of bowheads
inrelation to depth and to test the hypothesis that these whales my
concentrate in this area (see Truett 1962).

Only a small nunber of bowheads (nine individuals) were seen in the
study area until 22 Septenber, when 128 were seen on- and off-transect;
none were seen during August. The distribution of bowheads and the |arge
number seen on 22 Septenber conpared with those seen on surveys on 15 and
18 Septenber suggested they had only recently noved into A askan waters.
Large concentrations of bowheads have been reported near Herschel |sland,
Y.T7. (only 75 km E of the Al aska-Canada border), during |ate August
through early Septenber (Davis et al. 1982, 1983), and into |ate Septenber
(Ljungblad et al. 1982; T.P. Dohl, University California, Santa Cruz,
pers. comm. 1983) and in at |east one year (i.e. 1982, Ljungblad et al.
1982) a small nunber of bowheads were recorded offshore of our study area
as early as August. However, our results corroborate those referred to
earlier (especially those in 1979 of Ljungblad et al. 1980:123, 129; Dohl,
pers. comm. 1983) that suggest that the bul k of the fall novenent of these
whales into A askan waters occurs in the last 10-15 days of Septenber.

The great nunber of bowheads recorded on-transect in the eastern half
of our study area on22 Septenber 1982 represents an order of magnitude
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previously recorded (see Ljungblad 1981; Ljungblad et al. 1980, 1982;
Davis et al. 1982; Harwood and Ford 1983). Furthernore, our density
estimates have not been corrected for whales not detected because they
were 1) submerged or 2) overlooked because of surface glare on the water
because of the position of the whale directly beneath the aircraft or, in
the case of young-of-the-year bowheads, because of their close proximty
to an adult. Davis et al. (1982) give a thorough discussion of nost of
the factors that mght affect detectability of bowheads during aeria
surveys.

The proportion of young-of-the-year bowheads recorded in our eastern
Beaufort Sea study area during 1982 (4.9% is about half that (11.1%
recorded by Harwood and Ford (1983) using survey techniques similar tO
ours in the Canadian Beaufort Sea during August and Septenber 1982 and
about the sane as that recorded by Ljungblad (Ljungblad et al. 1982) using
simlar survey techniques during his 1982 surveys in the A askan Beaufort
Sea (4.79%).

As nmentioned in the "RESULTS" section, we found no evidence that
bowheads were concentrating in waters of any particular depth during our
surveys on 22 Septenber. Davis et al. (1982:38) comment on depths in
whi ch bowheads occur: ‘ Fraker and Bockstoce (1980) summari zed the
avai labl e information on the sunmer distribution of bowheads in the
eastern Beaufort Sea and western Anundsen Gulf. They concl uded that
waters of less than 50 m depth off the Tuktoyaktuk Peninsula and Cape
Bat hurst [in Canada] were particularly inportant for bowheads fromlate
July to early August. Studies in August 1980 also indicated that bowheads
were conmon in waters <50 m deep in the [Mckenzie] Delta and Tuktoyakt uk
Peni nsul a [survey] blocks (Renaud and Davis 1981, wursig et al. 1982).
However, the data from 1981 surveys [Davis et al. 1982] do not indicate a
marked preference for these shallow (less than 50 m) waters.® Currently,
insufficient data are available from any investigation to allow proper
eval uation of this question of preference for a certain water depth for
feeding by bowheads.

The extensive aerial survey data of Ljungblad (Ljungblad 1981;
Ljungblad et al. 1980, 1982) indicate that the 18 m depth contour
general |y defines the nearshore limt of the bowhead distribution in the
Al askan Beaufort Sea. In our study, a small number of bowheads were seen
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in waters as shallow as 10 m, and many were present in waters 10-20 =
deep. Thus, in the portion of the eastern Al askan Beaufort Sea east of
Barter Island, bowheads may be found very close to shore.

During our surveys on22 September 1982, shelf waters in the study
area were very turbid, and we obtained no direct observations of’ feeding
by bowheads. Simlarly, it was difficult to identify individuals that
appeared to be involved in deliberate mgratory movenents. Many (49 of 72
on-transect individuals recorded by the prime observer] appeared to be
resting on the surface of the water. Twelve other bowheads were diving;
these whal es may have been feeding (refer to R chardson 1982). of the 11
individual s that were recorded as nmoving, nine were oriented to the west;
the remaining two wereoriented to the north

Al though we did not investigate the feeding ecology of bowhead whal es
in nearshore waters of the eastern Alaskan Beaufort, Frost and Lowy
(1981) and Lowy and Burns (1980), have discussed this issue. |ndeed
there is circunstantial evidence that bowheads do feed in the portion of
the Alaskan Beaufort east of Barter Island. R.& Davis (LGL Ltd., pers.
comm. 1983) has hypot hesi zed that the distribution of bowheads in the’
Canadi an portion of the Beaufort Sea during summer may be related to the
distribution of food (prinarily zooplankton) there. He has specul ated
that the influence of the Mackenzie River plume in the Canadian Beaufort
Sea may be an inportant factor directly regulating temperature, salinity,
nutrient concentrations and thereby indirectly regulating the production
and distribution of phytoplankton and ultinmately zoopl ankton (bowhead
food). No doubt other physical oceanographic characteristics
(upwellings, convergent fronts, small gyres) also play an Inportant role
in regulating (concentrating) the distribution of zooplankton and thereby
of bowheads.

Simlar relationships and processes also may be inportant in
determning the distribution of bowheads in the eastern Beaufort of
Alaska. In this volume Schell has described very high levels of sonme
nutrients originating from some coastal rivers and streams in the study
area. Hufford (1974) has described an apparent upwelling in this same
region. Although we have shown no strong |ink between these physical
characteristics and the distribution of bowhead whale food resources, they
warrant further consideration and nore study.
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Birds

Very low densities of’ all species of birds were recorded in waters
seaward of the barrier islands during our aerial surveys in August and
September 1982. The only densities over 0.1 bird/km® were recorded when
one or two flocks of mgrating eiders (4 August) or single flocks of
mgrating white-fronted geese (15 and 22 Septenber) were observed on-
transect (Table 2-5).

Divoky (1983:84-85) found that the shelf waters of eastern Beaufort
Sea (E of Flaxman |sland) had |ower bird densities than five other shelf
regions that he surveyed in the western and central Alaskan Beaufort Sea.
He found oldsquaws and eiders to be the only birds present in densities
hi gher than 1 bird/km2 in the nearshore zone (0-20 m deep) and pel agic
zone (20-200 = deep); all other species in those zones were present in
densities |l ower than 0.6 birds/kn?.

Divoky's data are not directly conparable to ours because most of his

surveys were fromships and ours were fromaircraft. Furthernmore, few of
Divoky's ship-board surveys in the eastern Beaufort Sea weein waters

|l ess than 20 m» deep; but our surveys ranged fromthe coast to depths of

over 40 m
Aside fromdata of Divoky (1983), little information exists on the

distribution and abundance of birds in marine waters between Barter Island
and the Al aska-Canada border. The data given in USFWS (1982, 1983) is for
a narrow strip imediately seaward of the barrier islands, Spits, and
exposed coast in the Arctic National WIldlife Refuge and are not
conparable to our data. The data given by Harrison (1977) are primarily
for the area seaward of that where our surveys were conducted and were
collected by different survey procedures.

Aerial Surveys of Lagoons and Adjacent Waters
Oldsquaws Were the nost abundant birds using [agoon habitats in this
study, as they were in other studies of bird use of barrier island-

| agoon habitats along the Beaufort Sea coast (Johnson and Richardson 1981;
USFWs 1982, 1983; Troy etal. 1983).
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Tabl e Z-17 conpares the densities of oldsquaw ducks in a nunber of
Beaufort Sea |agoons during the peakof molt period (1-10 August). The
mean density of oldsquaws in the three lagoons in our Beaufort Lagoon
study area was very simlar to densities recorded by the usFWs during 1981
and 1982 in the same general portion of the Arctic National Wldlife Range
(ANWR) (Nuvagapak Lagoon), and in nine other |agoons along the coast of
the AMR Al of the densities of oldsquaws in the ANWR were much hi gher
than those recorded in Stunp Island Lagoon near Prudhee Bay (Troy et al.
1983) but were only about half those recorded in Sinpson Lagoon (See Table
2-17)

The distribution of oldsquaws Wi thin our Beaufort Lagoon study area
during August and Septenber 1982 was different from that observed in nost
surveys of barrier island-lagoon systens in the central Beaufort Sea. In
those studies (Johnson and Richardson 1981, Johnson 1982, Troy and Johnson
1982, Troy et al. 1983) the highest densities of ol dsquaws were
consi stently along the south sides of the barrier islands. Simlarly, the
USFWs (1983) found a significantly higher proportion of oldsquaws in ten
l'agoons in the ANVR to be concentrated along the south sides of barrier
I sl ands (usFws 1983:68). In all four of our aerial surveys of the three
| agoons [Pokok Bay, Angun Lagoon and Beaufort (Nuvagapak) Lagoon] in our
study area, the density of oldsquaws on the barrier island transect
(Transect 2) was lower than that along the md-lagoon transect (Transect
3) (see Table 2-9). In three of the four aerial surveys, the density of
oldsquaws al ong the mainland transect (Transect 4) exceeded the density
recorded along the barrier island transect. The reasons for this apparent
difference in distribution are unknown; further investigation is necessary
to substantiate that this phenonenon is real, rather than an artifact of
our sanpling procedure during 1982.

An interesting hypothesis presented by the USFWS in 1981 at the
Arctic Nearshore Synposium (Truett 1982) was that oldsquaws tended to
concentrate (to feed) near the entrances to lagoons in the ANVR.  Figure
2-5 shows the average density of oldsquaws recorded on 17 30-sec time
periods during four aerial surveys of Transect 2 (within 400 nof thes
shore of the barrier islands and spits) in August and Septenber 1982. The
nean density (#/km2) of oldsquaws in those tine periods on and adjacent to
entrances to lagoons was not significantly higher than the nean density of
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Table 2-17. Conparisons of densities* of ol dsquaw ducks during the peak
of the nolt period (1-10 August) at various 1lagoon |ocations
along the Al askan Beaufort Sea coast, 1977-82

Location

Si mpson Lagoon
(Johnson and R chardson 1981 ;
Troy et al. 1983)

Stunp I'sland Lagoon
(Johnson and Richardson 1981
Troy et al. 1983)

Nine lagoons in ANVR
(USFWS 1983)

Nuvagapak Lagoon
(USFWS 1983)

Beaufort Lagoon Area
(This study)

Estimted Density of O dsquaws (#/km?)
1977 1978 1979 1980 1981 1982 MEAN

321 91 173 210 187 291 212

5 24 104 15 26 35

108 86 97
79 86 83
100 100

# These densities are for the estimated total number of ol dsquaws present
I n each 1agoon for each survey in each year. They are not nmeans of on-

transect densities.
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MEAN DENSITY OF OLDSQUAW (BIRDS/kM2)
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TIME PERIODS ALONG TRANSECT NO. 2

Mean density of oldsquaws On 30-sec tine periods al on?
Transect 2 (hatched area is 400-mwide strip) south of the
barrier islands and spits in the Beaufort Lagoon study area
during four surveys (m=4) in 1982,
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oldsquaws recorded in tine periods not on or adjacent to entrances (Mnn-
Wiitney U-test; nyny=18, P>0.05).

This result was influenced by our earlier-described observation of
relatively higher densities of oldsquaws at md-lagoon and mainl and
shoreline locations? rather than along the barrier islands or spits. The
reader is cautioned, however, that other simlar studies of oldsquaw
distribution in ANWR | agoons by the USFWS (1983:68) i ndicate that
ol dsquaws do tend to concentrate along the barrier islands, in a manner
simlar to that recorded in lagoons along the central Beaufort Sea coast
(Johnson and Richardson 1981, Troy et al. 1983).

A notable result of the [agoon surveys on 8 August and 22 and 23
Septenber was the presence of relatively large nunbers of red-breasted
mergansers, especially along the mainland shoreline transect (Transect 4).
The 30 birds recorded on 8 August appeared to be flightless and were
probably nolting. Red-breasted nergansers prey on fish (Palmer 1976) and
may have been concentrating in the shallower clear water near river and
stream deltas in the study area to feed on small fish. The usFws (1982,
1983) did not mention red-breasted mergansers as nolting birds in ANVR
| agoons, and none were recorded in their aerial surveys of lagoons in
August of 1981 and 1982.

Shoreline Surveys
Phalaropes

Qur shoreline surveys in the Beaufort Lagoon area paralleled the
findings of others who have studied shorebirds in the Al askan Beaufort Sea
(Connors and Risebrough 1977, 1978; Johnson and Richardson 1981; Troy and
Johnson 1982; USFWS 1982, 1983): shorebir:is, primarily phalaropes, Were
the nost abundant birds using barrier island beach and shoreline habitats
during August and Septenber. The only occasion in this study when anot her
species occurred along shoreline habitats in densities greater than those
of phalaropes, Was during the 2-8 August sanpling period when a flock of
200 nmolting nmal e ol dsquaws was recorded roosting on a shoreline transect
(Table 2-12).
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Al t hough the numbers and densities of phalaropes on barrier island
shoreline transects in the Beaufort Lagoon study area were smaller and
| ower, respectively, than in other parts of the Alaskan Beaufort Sea
(Table 2-18), the proportion of red-necked (northern) phalaropes Was
notably greater (50-90% than has been recorded at |ocations farther west,
in Sinpson Lagoon and near Prudhoe Bay, and near Barrow (10-25% (Connors
and Risebrough 1977, 1978; Johnson and Richardson 1981; Troy and Johnson
1982). These results are consistent with what is known about the
distribution of red and red-necked phalaropes along the Arctic Coastal
Plain of Alaska and the adjacent Yukon Territory. Red- necked phalaropes
are nore conmon as nesters and mgrants than are red phalarcpes at |ow
latitudes in the Arctic (Johnson et al. 1975). Salter et al. (1980)
review the status of both of these species along the Arctic Coastal Pl ain
of the Yukon Territory and they confirmthat red-necked (northern)
phalaropes Were much nore abundant in this relatively low Arctic (69°N)
| ocation than were red phalaropes. In contrast, Connors and Risebrough
(1977) found the opposite at Pt. Barrow, Al aska (71°K), where red
phalaropes far out nunbered red-necked phalaropes.

One notable result of the shoreline surveys in Septenber was the
relatively large influx of red phalaropes to barrier island habitats in
| ate September. Mst of these birds (96 individuals) were recorded along
the lagoon side of one transect on 21 September. On this date, wnds were
fromthe NEat about 40 km'h and a thick bank of ice was packed agai nst
the seaward beaches of the barrier islands. It is possible that the red
phalaropes had come ashore to find shelter. During aerial surveys of
mari ne waters on 18 September, three small frocks of phalaropes were
recorded between 8 and 25 km offshore on three transects in the eastern
half of the study area. Two nore small flocks of phalaropes were recorded
of fshore during aerial surveys on 22 Septenber. Late September records of
red phalaropes along this portion of the Alaskan Beaufort Sea coast have

not been recorded previously.

Qt her Speci es

Sanderlingsweret he second nost abundant shorebird recorded along
shoreline transects in the Beaufort Lagoon study area (Table 2-10).  They
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Table 2-18. A conparison of average |inear densities of phal aropes al ong shoreline transects

at various locations in the Al askan Beaufort Sea, August 19'76-82.

Beach Type
Barrier |sland/ Spit Barrier Island/ Spit Mai nl and
Locati on (ceansi de Beach Lagoonsi de Beach Beach
Pt. Barrow
(Connors and Risebrough 1977)
1976 73.5* -#
Simpson Lagoon
(Johnson and Ri chardson 1981 )
1977 45.3 22.2 9.9
1978 20.1 22. 4 0.6
Prudhoe Bay
(Troy and Johnson 1982 )
1981 1.3 29. 4 1.1
Beaufort Lagoon
(This study)
1982 2.6 79 2.4

*rthis val ue (73.5 birds/km was calculated fromdata given in Connors and Risebrough (1977:411-
440) and is for all littoral zone transects (20.7 km near Pt. Barrow. Some transects were

exposed to the ocean and more were on the Elson Lagoon-side of Barrow Spit.



were recorded only on barrier island shoreline -transects and were nore
common in August than in Septenber. In contrast, alnmost no sanderlings
were recorded along shoreline transects in the Sinpson Lagoon (centra

Beaufort) study area in 1977 and 1978 until very |ate August and early
Septenmber. The largest nunmber of sanderlings recorded in the Sinpson
Lagoon area was during m d-Septenber in 1977, which was the only Year in
that study when shoreline surveys were conducted as late as late Septenber
(Johnson and Richardson 1981 :382).

d aucous gulls were nost abundant al ong the mainland shoreline
transect in Beaufort (Nuvagapuk) Lagoon in August 1982 (Table 2-12). At
| east two pairs nested along this transeet and |arge groups of these gulls
often roosted on or near the two brackish |akes adj’'scent to this transect.
No |arge concentrations of these gulls, simlar to those recorded in
Simpson Lagoon during |ate September 1977 (Johnson and Richardson
1981:300), Wwere observed in the Beaufort Lagoon study area during late
Sept enber 1982.

The nunmber of polar bear tracks (seven separate sets) recorded al ong
shoreline transects on 16 and 18 Septenber was markedly different from
results of simlar shoreline surveys in Sinpson Lagoon and suggests a
possible greater use by this species of this eastern section of the
Al askan Beaufort Sea coast conpared to the central section. USFWs (1982)

reports two confirmed and one possible polar bear den within 16 km of our
Beauf ort Lagoon study area. Polar bears beconme nost common and are

observed nost regularly along the Beaufort Sea coast during fall as
femal es begin to search for den sites along the coast (USFWS 1982).

Feeding Studies

Qldsquaws

O the 22 oldsquaws collected for stomach analysis during the 1-8
August sampling period in the Beaufort Lagoon area, 11 were flightless
mal es and 11 were females that had not yet nolted (Table 2-13). The
timng of the male ol dsquaw nolt period in the Beaufort Lagoon area was
simlar to that of male ocldsquaws collected in Sinpson Lagoon during 1977
and 1978 (Johnson and Richardson 1981:255) and for male oldsquaws
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collected near Thetis Island in 1980 (Johnson 1982:21). Simlarly, the
wei ghts and subcutaneous fat thicknesses for male and femal e oldsquaws
collected in the Beaufort Lagoon study area (Table 2-13) during 1-8 August
(mal e molt period) are very simlar to those recorded along the central
Beaufort Sea coast in earlier studies (Johnson and Richardson 1981:255,
Johnson 1982:21).

Al of the oldsquaws collected for stomach anal yses during the 15-23
September sampling period had regained flight and had considerably |ess
subcut aneous fat than recorded on birds collected during the peak of the
nmolt in the early August sanpling period. Only one of the males collected
during this period was an adult, which suggests that nost adult males had
departed coastal |agoons by this tine (see Divoky 1983). All of these
trends are consistent with those recorded for oldsquaws collected in
Si mpson Lagoon in 1977 and 1978 (Johnson and Ri chardson 1981:255).

The diet of oldsquaws collected in the Beaufort Lagoon area during
August and Septenber 1982 was simlar in many respects to oldsquaw diets
in Sinpson Lagoon in 1977 and 1978 (Johnson and Ri chardson 1981).
Al t hough epibenthic invertebrates (primarily mysids and amphipods)
conprised significant proportions of the diets of ol dsquaws in both
Si npson and Beaufort | agoons (Table 2-19), small fish (cottidae)
apparently were the most inportant prey of oldsquaws collected in the
Beaufort Lagoon study area during 1982 (see Table 2-19). O the nearly
100 pairs of fish otoliths taken from oldsquaw Stonmachs, the nmajority were
from small Myoxocephalus gquadricornis and _Icelus sp.; both are epibenthic
sculpins.

The rates-of-passage of oteliths through bird stomachs may vary with
the species of bird and type of otolith. The current feeling anong sone
experts (Bradstreet, LGL Ltd., pers. comm. 1983) i S that otoliths pass
through bird stomachs relatively quickly. Therefore, the nunber present
In an oldsquaw Stomach at any one time is probably representative of the
nunber of fish recently consumed.

If the rates of passage of sculpin otoliths are considerably slower
than those of other prey remants, the results of our stomach anal yses may
have overenphasi zed the inportance of fishin ocldsquaw diets. But, the
reader is cautioned that studies conparing passage rates of fish otoliths
through bird stomachs with passage rates of other prey have not been done.
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Table 2-19. A conparison of the diets* of oldsquaws collected in Sinpson
Lagoon during the summers of 1977 and 1978 and in Beaufort
Lagoon during the sumer of 1982.

Si npson Lagoon Beaufort Lagoon
1977 1978 1 9 8 2
Taxa (n=54) (n=72) (n=24)
Mysids 67.6 79.7 37.7
Amphipods 15.9 12. 4 13.1
Fi sh 2.7 0.4 46.6
Bi val ves 9.6 6.2 0.3
Qthers 4.2 1*3 2.3
TOTAL 100".0 100.0 100.0

*Presented @S % conposition (wet weight).
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Ganmmarus spp. (primarily Gammarus setosus) formed the |argest
proportion of the amphiped di et of ol dsquaws in Beaufort Lagoon in 1982,
whereas, Onisimus formed the largest proportion in the diet of ol dsquaws
in Sinpson Lagoon in 1977 and 1978.

It is remarkable that no fish werecaught in the drop net sanples
taken at |ocations where feeding ol dsquaws were collected. Giffiths (LG
Ltd., pers. comm. 1983) suggested that the distribution of small cottids
may not be uniform schools of these small sculpins may be patchily
distributed and therefore may not be reliably detected by a sanpling
program such as ours (see "METHODS"). But regardless of the possible
probl ems and sources of error in our sanpling procedures, it is clearly
evident that small sculpins form a significant proportion of the diet of
ol dsquaw ducks in the Beaufort Lagoon area but represented a relatively
insignificant part of the ol dsquaw diets inSinpson Lagoon.

Phalarcpes

The sanpl es of feeding phalaropes collected in the Beaufort Lagoon
area during August 1982 suggested the ratio of red-necked to red
phalaropes in this area to be about 4:1, or exactly the reverse of that
recorded in Sinpson Lagoon during August of 1977 and 1978 (Johnson and
Richardson 1981). This ratio is consistent with that recorded during
shoreline transects where up to 90% of the phalaropes recorded were red-
necked.

Al 10 of the individuals collected during this study werejuvenile
mles. Oher studies (Connors and Risebrough 1977, Johnson and Richardson
1981, Martin and Moitoret 1981, USFWS 1982) indicate that phalaropes that
congregate to feed along beaches and spits during August, prior to fall
mgration, are mainly juveniles. That all ten specinens were males is
probably a coincidence, although nore juvenile males than females also
were collected in sanples in Sinpson Lagoon during August of 1977 and 1978
(Johnson and Richardson 1981:2 91-292).

The average fatness of juvenile phalaropes collected in early August
in Beaufort Lagoon was simlar to that recorded in August in Sinpson
Lagoon (about 2.8-3.0: Johnson and Richardson 1981:292).
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The diet of phalarepes collected in the Beaufort Lagoon study area in
1982 consisted of large proportions of small cottid fish (32%), amphipods
(35% and mysids (33% (see Table 2-16). Phalaropes col | ected in Sinpson
Lagoon in 1977 and 1978 had no fish but [arge vol unes of copepeds and
amphipods in their stomachs (Table 2-20). In conparison, Connors and
Risebrough (1977:449) found that phalarcpes near Pt. Barrow were feeding
heavily on copepods, amphipods, decapod zoea, pteropods and chaetognaths
in 1975 and 1976.

Phalaropes feeding in the Beaufort Lagoon area tended to select nore
amphipods and fewer mysids than were present in the general area where
they were feeding (see Table 2-16), and they selected a larger ProPortion
of fish than appeared in sanples fromtheir feeding habitats.

RELEVANCE TO PROBLEMS OF PETROLEUM DEVELCOPMENT

The coastal |agoons and nearshore waters of the eastern Al askan
Beaufort Sea (Barter Island to the U S -Canada border) have been
characterized as supporting an assortment of marine birds and manmal s
simlar to that found in the region farther west, near Pprudhoe Bay and
Sinpson Lagoon. Diving ducks, primarily oldsquaws, and phalaropes and
glaucous gulls are the key species of birds present in both regions, but
relatively smaller nunbers of all of these are found in the eastern
regions. Nevertheless, the vulnerabilities of these birds to petroleum
rel ated devel opnents are simlar in both regions (see Johnson and
Richardson *1981). There is ample evidence of reduced flushing ratesof
eastern Beaufort Lagoons conpared with those farther west (Sehell, this
vol ume; Koze, this vol une; Hachmeister and vinelli, this volune) and there
Is justification for concern that contam nants ortoxi c substances
introduced into these eastern [agoons could remain |[onger, possibly
affecting a larger proportion of the populations of birds present,

conpared with lagoons farther west.
The nost significant issue relevant to petrol eum devel opnent al ong

this eastern portion of the Al askan Beaufort coast is the large
concentration of bowhead whal es recorded there during |ate Septenber.
Unlike areas farther to the west, where bowheads generally remain farther
offshore in waters deeper than 18 m, some individuals (including an adult
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Table 2-20. A conparison of the diets of phalarepes collected in Sinpson
Lagoon during the sumers of 1977 and 1978 and in Beaufort
Lagoon during the summer of 1982

Si npson Lagoon Beaufort Lagoon
1977 1978 1982
Taxa (n=16 ) (n=26) (n=10)
Mysi ds 8.1 2.3 32.6
Amphipods 20. 2 95. 8 34.9
Copepods 65. 3 0.0 0.0
Fi sh 0.0 0.0 31.9
Pt er opods 4.0 1.9 0.3
O hers 2.4 1.9 0.3
TOTAL 100.0 100.0 100.0

*Presented @S % conposition (wet weight).
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and young-of -the-year) were recorded very eclose toshore inwaters as
shallow as 10 m. On a single date, over 125 bowheads Were recorded within
20 n mi of this section of the Alaskan Beaufort coast. Native hunters
from Kaktovik typically take bowheads during autumn in waters relatively
close to shore. There is justification for concern that ship-, aircraft-
and ground-based activities by the petrol eum and associ ated service
industries may affect the distribution and behavior of these whales,
thereby having a negative effect on the whales thenselves and on the
subsi stence harvest.
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APPENDI X 2-1.  Coordinates of the 12 nearshore transects* surveyed on 1, 4
and 8 August and on 15, 18 and 22 Septenber 1982, between
Barter Island and the Al aska-Canada border.

Start Point End Poi nt
Transect Latitude Longi t ude Lat i thjde Lo?gi tude
# (“N) (°N) (0 o)
1 TOC08'N 1439454 70028'N 1430451y
2 70 28.5 143 30 70 08.5 143 30
3 70 09 143 15 70 29 143 15
4 70 25.5 143 70 05.5 143
5 70 03 142 45 70 23 142 45
6 70 18.5 142 30 69 58.5 142 30
7 69 54 142 15 70 14 142 15
8 70 10 142 69 50 142
9 69 48 141 45 70 08 141 45
10 70 03.5 141 30 69 43.5 141 30
11 69 41 141 15 70 01 141 15
12 69 59 141 w 61 39 141 w

*All 12 transects were 1.6 kmw de and 35.2 kmlong (56.3 km2). The
survey altitude was about 150 mand the survey speed was about 210 km h.
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APPENDI X 2-11. Descriptions of aerfal | agoon surveys in the Beaufort Lagoon area of Al aska, 1982.
Survey Start .
Dat e Tinme of Time Pericds Ice on Estimated Esti mat ed
and Survey # Wth Transect Location ¥Wind Speed Wave Hei ght

Transect # (ADT) # Ice (x % of lce (km' h) (m

2 August
1 16:05 16 12 <1 Thr oughout 40 MW 0.5
2 16:14 18 0 None 40 NW 0.9
3 16:24 18 0 None 40 NW 0.7
y 16:34 25 0 None 40 NwW 0.7

8 August
! , 13:38 14 14 30 Thr oughout 15 NW 0.1
2 13:16 18 6 <1 Thr oughout 15 NW 0.3
3 13:56 16 7 <1 Angun L., Beaufort L. 15 NW 0.3
4 14:04 22 7 <1 Angun L., Beaufort L. 15 NW 0.3

2z September
1 12:25 16 16 90 Throughout Cal m <0.1
2 12:35 18 1 <1 Beaufort L. Calm <0.1
3 12:45 14 3 <1 Angun L. Cal m <0.1
i 12:53 18 3 <1 Beaufort L. Calm <0.1

23 September
1% 11:27 15 15 45 Thr oughout 0 Calm <0.1
2 11:34 18 ] 4 Thr oughout Calm <0.1
3 11:44 14 4 20 Near Shores Calm <0.1
I 11:52 22 18 10 Near Shores Cal m <0.1

*The location of this transect on 22Septenber was 200 mrather than 1.6 km N of the seaward beach.
During the earlier three surveya, transect 1 was 1.6 km N of the seaward Beach in the study area.
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AppeNDI X 2-111.  Detailed conparisons of organisns consuned by feeding oldsquaws and organisns found in habitat
sanpl es collected where birds were feeding when collected, Beaufort Lagoon, Alaska, 1982.

Esti mat ed* Estimated Ash-free Esti mat ed
Nunber Wet Wi ght (ng) Dry Weight (mg) Kcal/gm AFDW
Taxo n Stomach  Habitat Stomach Habi t at St omach Habi t at Stomach  Habitat

Gammarus spp. 1% 163 5,547.7 2151 615.8 238.7 2.0 0.1
Gammaracanthus loricatus 33 10 3,439.4 95 381.8 10.6 3.2 1.2
Doekosimus spp. 16 12 129.6 47 25.5 9.3 0.1 <0.1
Onisimus spp. 6 93 71.2 301 14.0 59.3 0.1 0.3
Ct her amphipods 54 176 252.5 348 42.0 34.7 0.7 0.2
Uni dentified amphipods 10 10 1,236.8 61 243.7 12.0 1.2 0.1
ALL AMPHIPODS 315 464 10,677.2 3003 1322.8 364.6 7.3 1.9
Mysis relicta 709 201 29,879.1 2563 3436.1 294.8 18.8 1.6
Myzis spp. 219 10 359.2 99 110.9 11.4 0.6 0.1
ALL MYSIDS 989 211 31 ,159.0 2662 3546.0 306.2 19.4 1.7
Smal | fish (Cottidae) 174 0 38,497.7 0 5,774.7 0 31.8 0
Isopods (Sadur_ia spp.) 48 59 1,137.6 1097 277.0 219.0 1.2 1.2
Gast I’Opod 107 308 659.5 1595 66.0 160.0 0.3 0.8
ALL EPIFAUNA 239 1042 82,131.0 8357 6,117.7 1049.8 33.3 9.8
Bi val ves (Cyrtodaria 28 194 292.8 879 29 88 0.2 0.5

kurriana and Yeldiella

(Portlandia) arectica
Ostracods 53 2380 10.6 430 1 43 <0.1 0.2
Cumaceans 21 95 7.7 320 8 32 <0.1 0.2
Polychaete worns 0 3790 0 5953 0 585 0 3.2
Sipunculid wor ns 0 101 0 145 0 15 0 0.1
Ot hers 0 166 0 u5 0 5 0 <0.1
ALL | NFAUNA 102 6726 381.1 7672 38 768 0.3 4.2

TOTAL 341 7768.0 . 82,512.1 16,029 6115.7 1,817.8 33.5 14.0

*Estimates of wet weight (mg), ash-free dry weight (mg) and Kcal/gm are based on l|inear and exponential equations
presented in Griffiths and Dillinger (1981) and Bradstreet (1976, 1977, 1979, pers. coma. 1983).
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APPENDI X 2-1V. Detailed comparisons of organisms consuned by feeding phalaropes* and organi sms found in
habitat samplest*collected where birds were feeding, Beaufort Lagoon, Alaska, 1982.

Ash-free Dry
Nurber Wet Weight (mg) Wi ght (mg) Keal/g AFDW
Ta xon St omach Habi t at Stomaeh  Habitat Stomach  Habitatbt St omach Habi t at °
onisimus spp. 84 ! 410.9 2.0 80.9 0.4 0.4 0.1
Gammarus setosus 1 1 2.8 48.0 0.3 5.3 <0.1 0.1
ALL ampareops 85 5 413.7 50.0 81.2 5.7 0.4 <0.1
Mysis litoralis 15 36 80.0 109.0 9.2 12.6 0.1 0.1
Mysia relicta 2 1 12.4 18.0 1.4 2.1 <0.1 <0.1
Mysis spp. 54 0 293.2 0 33.7 0 0.2 0
ALL wystms 71 37 385.6 127.0 48.9 14.7 0.2 0.1
Calanus spp- 0 3 0 1.0 0 0.2 0 0.1
Ctenophores 0 2 0 7.0 0 <0.1 0 <0.1
Gastropod 0 3 0 1.0 0 <0.1 0 <0.1
Insects 20 0 4.4 0 0.4 0 <0.1 0
Small Fi sh (Cottidae) 4 1 380.3 48 57.2 7.2%% 0.3++ 0.1+
Tot al 180 51 11840 234.0 187.7 27.8 0.9 0.2

# n . 10 phalarope stomachs.
+ n = 5 habitat samples.
BBAFDW (mg) . approximately 15% wet weight (mg).

++I¢al/gm ash-free dry weight (AFDW) = approxi mately 5.5 (AFDWw x 10~3) for smal|

fish.



