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SUMVARY OF OBJECTI VES, CONCLUSI ONS anbp | MPLI CATI ONS W TH
RESPECT TO OCS O L AND GAS DEVELCPMENT

Several mllions of Sooty Shearwaters (Puffinus
griseus) and Short-tailed Shearwaters (P. tenuirostris)
visit Al askan coastal waters (OCS) during tRe northern
summer nmonths. They breed in Australia, New Zeal and and
Chile during the Northern Hem sphere’s w nter

I n accordance with Wrk Statenent R.U. No. 239,
attached to Contract No. 03-5-022-78, between the U. S.
National COceanic and Atnospheric Admnistration and the
University of Calgary, data collected on the distribution
ecol ogy and behavior of shearwaters during their
non- breedi ng season, during the field work for this en-
vironnental assessnent, have been used by Juan Guzman in
partial fulfillment of the requirements for a Ph.D. degree
at the University of Calgary (Guzman, 1981),

A.  OBJECTI VES
~ The objectives were to |earn sonething about the

activities of these Southern Hem sphere seabirds and to
del i neat e:

i) their distributions

i1) their regional novenents and responses to envi-
ronmental influences,

iii) the ecological requirenents of these shearwaters,

and
_ iy? whet her shearwaters would be at serious risk from
oil drilling and production.

B. CONCLUSI ONS AND | MPLI CATI ONS

1.  The Southern Hem sphere shearwaters are the pre-
dom nant seabird species (over 90%, in terms of the tota
nunbers of birds counted at sea from May to Septenber each
year, in Al askan waters.

2. They mainly occupy the Continental Shelf of Al aska,
rather than zones close inshore, and do not appear to
overlap in their feeding areas or habits with |ocal breeding
speci es of seabirds to any significant extent.

3. Their distribution patterns are patchy, but what
determ nes their novenents renmains undeterm ned.

4. The visiting shearwaters nmolt while in Al askan
wat ers.

5. Serious oil leaks that become w despread around the
source, or continuing pollution down-current, could in
certain localities or times alter the food chains upon which
shearwaters are dependent. This might drastically reduce
their nunmbers, or their ability to survive through the
sumrer season and remain well-tfed and heal thy enough to
successfully nake the return mgration to their breeding
grounds in the Southern Hem sphere.

6. Because they breed in Australia, New Zeal and and
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Chile, interest in the fate of these birds assunes an
i nternational aspect that cannot be ignored.

IT.INTRODUCTION

A. GENERAL NATURE AND SCOPE OF THE STUDY

The reproductive biology and the mgrations of those
shearwaters (O der Procellariiformes, Genus Puffinus) that
breed at high latitudes in the Southern Henisphere, but
avoid the hazards of the southern winter season by naking
trans-equatorial migrations to wvisit rich feeding grounds in
the North Pacific Ocean during the northern summer season,
have been described by various authors in Palmer (1962) and
by Richdale (1963), Phillips (1963), Ashmole (1971),
Serventy et al. (1971?, Shuntov (1974) and Guzman et al.
(in prep.). Nevertheless, the ecol ogy and behavi or of these
shearwaters during the non-breeding season in the North
Paci fic Ocean has not been studied in any depth until
recently, even though many mllions of these seabirds visit
and evidently depend, as an integral part of their life
cycle, upon the marine resources of the Bering Sea and Gul f
of Alaska for several nonths each year. This ﬁroject was
devoted to their ecol ogy and behavior during this period
(May - Septenber) when Short-tailed Shearwaters and Sooty
Shearwat ers occur over the Al askan Quter Continental Shelf.

It is necessary to refer to both species together in
nost of this report, sonetinmes as ‘unidentified
shearwaters', because npbst were usually seen only at
di stances at which separati on of the species was not
possible. The differences are noted by:

i? Croxall (1971) who refers to “heavy build, white

flash on linings of long narrow wings” in Sooty
Shearwat ers, and the body of Short-tailed Shearwaters
as “very short behind long narrow w ngs”;
i) Serventy et al. (1971, in captions to Figures 71
and 72 on pages 127-128), who state that in Sooty
Shearwaters “the white areas in centre of the [under]
Wi ng can be seen froma considerable distance” and
di stinguish themfromthe grey underw ng coverts of the
Short-tailed Shearwater, and who state that the bill of
the Sooty Shearwater is also “longer and nore slender”;
iii) Falla et al. (1970), who state that the Sooty
Shearwater has a “conspicuous silvery flash of the
underwing coverts”, while the Short-tailed Shearwater
is “usually lacking the pale areas under the
Wi ngs.. .The bill is proportionately shorter.. .and the
gegeral smal ler size is also a useful field character”;
an
I v) Fullagar (1970) who refers to the Short-tailed
Shearwater as “slightly smaller” and to the Sooty
Eq?armater as having “pale wing linings” and a “[ onger
e
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The above descriptions were all obtained from Southern
Hem sphere authors. In the Northern Hem sphere, when these
shearwaters are nolting, observers generally describe
di stinguishing the two species as fromdifficult to ex-
tremely difficult ge.g. Isleib and Kessel, 1973; Wwahl,
1975; Sstallcup, 1976) British Columbian Patrick W Martin
(personal communication) notes that during nolting “many of
the characteristics of colour break down...I have found
underw ng colour to be wholly unreliable as a diagnostic
character, probably owing to the fact that these are
wintering birds and continually molting when in the
Nort h-eastern Pacific”. However, J.R.G. found that, under
good conditions and within 50 neters, up to 60 per cent
could be distinguished.  The large size and long bill were
used to identifK the Sooty Shearwater, and the shorter bill
and abrupt forehead were used to distinguish the
Short-tall ed Shearwater.

Because of the devotion of this Research Unit to
shearwaters, and because shearwaters forned over 90% of the
several mllion seabirds recorded by J.R.G. during cruises
on R'V DI SCOVERER and R'V SURVEYOR, the text of this Fina
Report does not deal with other seabirds. Nevertheless, all
other seabirds encountered were counted, and these counts
have been submtted as raw data in a magnetic data tape and
separate tabulations, submtted previously.

The latest information on the |ikely inpact of pe-
trol eum on shearwaters is considered, insofar as this is yet

predictable, in relation to their known distribution in
Al askan waters.

B. SPECI FI C OBJECTI VES
The revised objectives of this project, based on field

experi ence and what proved to be practicable in 1975, becane
to obtain data on:

1. The latitudinal-longitudinal distribution of the
Short-tailed Shearwater and the Sooty Shearwater in four
regions, the Northeastern GQulf of Alaska (NEGOA) , the Kodiak
I sl'and Shelf, the Northwestern Gulf of Al aska (NWGOA) and
the Southeastern Bering Sea and, in particular, the-re-
| ati onshi ps between the distribution of these shearwaters
and a) the distance from the coast of Al aska, and b% whet her
the birds were nost abundant over the Continental Shelf or
beyond it.

2. The sizes of the flocks in which shearwaters are
observed, and the behavioral dynam cs of aggregated
shearwaters when these were encountered.

3. The plunage and nolt condition of these Southern
Hem sphere visitors during the nonths My - August.

C. RELEVANCE TO THE PROBLEMS OF PETRCLEUM DEVELOPMENT

Ext ensive direct g’acute’) kills of seabirds have been
recorded as a result of oil spills in various sites around
the world. Few if any have, so far, threatened the ex-
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tinction of a species. This should not |lead to conplacency,
however, because extinction of a species is a possibility in
Alaska. This is because the Bering Sea - Aleutian |slands
region is ‘hone’ to several endem c species of seabirds not
found el sewhere.

Perhaps nore significant, but far | ess easy to
evaluate, are the longer term ('chronic’) effects of oil
pol lution of the sea upon the food resources, proper re-
productive functioning and traditional [Iivable habitat
requi renments of seabirds. Some aspects of these questions
are reviewed in the next section.

From this field study in 1975 and 1976 it is only
possible to say that, before it is possible to determne
whet her of fshore oil devel opment in Alaska would or woul d
not have a serious inpact on the survival of populations of
visiting (non-breeding) shearwaters, nore prolonged study of
the novenments and distribution of shearwaters over the OCS
area is required. The dispersal of oil over the surface of
the water depends upon several environnental factors (e.g.
wi nds and currents) , sonme of which are also involved in
bringing about the actual distribution and novements of
certain elenents in the food chain that lead up to those
that are the food of shearwaters. Data from other data
sources that m ght nmake such an assessnent feasible have not
yet been obtai ned.

Anal ytical techniques for petroleumfractions in aninma
tissues, and trace netals in feathers or bones derived from
identifiable or ‘signature’ oils from particular oil
fields, are still in their relative infancy (but see
references provided later). Yet,these are essential as
basel i ne data agai nst which pollutant levels in future years
can then be conpared. It is necessary, for exanple, to
establish now what such pollutant levels in shearwaters are
that can be 'labelled' as having been derived from M ddl e
Eastern tanker-borne oils, so that the degree of pollutant
ugtake of Al askan oils may be correctly assessed during the
1980's. To what extent, for instance, do such pollutants
currently disappear from the visiting shearwaters’ bodies
during their sojourn in Al askan waters, and how will this be
altered now that North Slope oil has begun to nove by tanker
down the west coast of Canada from Val dez?

111. CURRENT STATE OF KNOW.EDGE

A. AN | NTERNATI ONAL RESOURCE

Al t hough the Short-tailed Shearwater and the Sooty
Shearwater are the npbst numerous species of seabirds over
the Quter Continental Shelf of the GQulf of Alaska and the
Bering Sea away from the immediate coastline in the summer
mont hs, neither species breeds in Alaska. They visit
subarctic North Pacific waters during their non-breeding
season, occurring in A askan waters during the period of
winter in the Southern Hem sphere, from April to Septenber.
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G een (1916) described a mgration of shearwaters in
April 1915 as “a three days’ constant stream ..in an al nost
unbroken line past Langara Island [British Colunbia] , all
heading from Di xon Entrance and di sappearing to the

north-west towards the Aleutian Islands . . ..migrating hosts,
returning to spend their winter in our summer seas after
breeding” . Gabrielson and Lincoln (1959) in The Birds of

Al aska describe “the endless swarns. ..[of Sooty
Shearwaters]. ..one of those great spectacles . ..never to be
forgotten...one of the nobst spectacul ar panoramas of life
which this continent has to offer.” The Sooty Shearwater is

described by Johnson (1965) in The Birds of Chile as
“ phr obably the sea-bird which in sheer numbers surpasses all
others” .

Isleib and Kessel (1973% descri be the Sooty Shearwater
as “the nost nunerous” in the North GQulf Coast area east of
Kodi ak Island. They reported “tremendous concentrations
totalling mllions” of Sooty Shearwaters on 1 July 1965 in
i nner Kennedy Entrance between the Chugach and Barren
| slands (over 2,600,000), and in June 1965 “square mles of
sitting birds” in Hinchinbrook Entrance.

Estimates of the nunbers of both species of shearwaters
“wintering” in the Bering Sea have been attenpted (Shuntov
1974, Sanger and Baird 1977) and are around 10 million
birds, making them the nost abundant species there during
the northern sunmer (Hunt et al. 1981b).

The Short-tailed Shearwater is the Tasmani an “nutton
bird” of Australian comerce, and Serventy et al. (1971)
state, in The Handbook of Australian Sea-Birds, that 54,000
Short-tailed Shearwaters had been banded by Australian
CGovernnent agencies up to 1965, in the course of studies
upon this econonmically-inmportant species of seabird. Es-
timates of the total world population of Short-tailed
Shearwaters are hard to obtain but Dr. Naarding of Tasmani a
has recently calculated that there are 16 mllion (Ruroda,
1982) .  In economic terns, in one year al one (1968) , 466, 000
were harvested for food, fat, pharnaceutical oils and down
at $12-16 per 100 birds, a total value of about $a 70, 000
(serventy et al. 1971).

The Short-tailed Shearwater was previously reported to
be the nore common of the two species in the Bering Sea and
anmong the Aleutian Islands (Murie, 1959). The Sooty
Shearwater, which mgrates both north and south along the
west ern seaboards of South and North Anerica, was sard to be
the nore conmon of the two species in the eastern sectors of
the Qulf of Alaska. But the true status of the two species
in the northwestern part of the GQulf of Alaska and the
Aleutian Islands is less clear.

Shearwat ers have been the subject of studf by Japanese
scientists for nmany years e.g. Kuroda (1955, 1957, 1960),
and have been studied in the northwest Pacific Ccean in
recent years by Wahl (1978), Tanaka and Kajihara (1979), Qgi
et al. (1980) and Ogi (1981).
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Shearwaters do not return to the colony until they are
at least three years old and do not breed until ol der than
this; some subadult birds may remain in the Northern
F?nisphe{e until mature (Serventy 1956b, Serventy et
al. 1971).

The OCS Draft study Plan (page ZOL referred to the
seabi rd population of the @lft of Al aska as an
"International Resource”, and this the shearwaters from
southern ChiTe, New Zeal and and Australia certainly are
Sowl and Bartonek (1974) di scussed the val ue of seabirds,
and described them as Al aska's “nost negl ected resource”.

Finally, the carrying of influenza viruses by water
birds (Webster and Laver, 1975; Webster et al. 1976, 1977),
apEarentIy i ncludes shearwaters (Kaplan and Wbster 1977) ,
making the mgrations of shearwaters a topic of concern in
the field of epidemology and international aspects of
di sease control

B. SHEARWATER ECOLOGY AT SEA I N THE COASTAL DOVAI N AND THE
| MPORTANCE OF THE ALASKA CONTI NENTAL SHELF TO SHEARWATERS

The writings of Mirie (1959), Gabrielson and Lincoln
(1959), Swartz (1967), Martin and hyres 81969), Bart onek
(1971, “102 statenent-description of bhird resources along
proposed tanker route from Port of Vvaldez to southern
termnals”), Bartonek and Gibson (1972), Isleib and Kessel
(1I973), Shuntov (1964, 1974) and G Il et al. (1979) on the
North Pacific region, provide the background accounts of the
ecol ogy of shearwaters during the period of the year when
;Peykoccur close to shore in the Bering Sea and the Gulf of

aska.

The subject has been nost recently reviewed by Strauch
(1980) for the Northeastern Gulf of Al aska and Strauch et
al . (1982? for the Kodiak Island region of the Northwestern
Ql f of aska. Hunt et al. (1981lb, 1982) have reported on
the pelagic distribution of marine birds in the Southeastern
Bering Sea. Besides our own previous reports for 1975 and
1976 (Myres and Guzman, 1976-1977), shipboard surveys in
Al askan waters during the OCSEAP program have been reported
as follows: for 1975, Lensink and Bartonek (1976); for
1976, CGould et al. (1977); and for 1977, Lensink et al.
(1978) . Aerial surveys were reported by Harrison et
al. (1977) and Harrison (1982).

The nunber of shearwaters observed in the center of the
Gul f of Al aska, however, has not been spectacul ar at al
(M.T. Myres, unpublished data from 1958 to 1981, for Ccean
Weat her Station “Papa” at 50 degrees W, 145 degrees W, so
it was evident that nmore information was needed on the wdth
of the coastal zone along which the shearwaters feed and
m grat e.

Sanger (1972, page 601) estinated that the group to
whi ch the shearwaters belong conprised 84% of the standing
stocks and 89% of the biomass in the Coastal Domain of the
North Pacific Ocean during the summer. Interference wth
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the food chain on the Alaskan Quter Continental Shelf m ght
cause a substantial reduction in the world popul ation of

t hese nost abundant birds, since a high proportion of the
total population appears to depend on the resources of the
region for a large period of the year.

The role of shearwaters in rapidly recycling nutrients
in the surface marine ecosystem in redistributing them
during their novenents, and in thus fertilizing the waters
of the Subarctic North Pacific Ccean, is clear fromtheir
preponderant nunbers and position at the top of the food
chain, feeding as they do on euphausiids, squids and fish
and converting these to readily reabsorbed feces. Sanger
(1972) warned that since the Sooty and Short-tailed
Shearwaters “have popul ations nunbering at least in the tens
of mllions. . . .a large reduction in their nunbers could
i nfluence their ecosystenms adversely”.

Wens et al. (1980) sinulated the energetic of seabird
popul ations and their sensitivity to perturbations in their
f ood supply.

There is no evidence that shearwaters form an inportant
food for any predator upon them although when they die
their bodies are contributed to the scavengers and
deconposes in the region in which this occurs. The rapid
mgrations of Short-tailed and Sooty Shearwaters across the
equatorial zone su%?est that they export little in the way
of nutrients from Alaskan waters to that zone; rather
because many shearwaters newy raised each year in
Austral asian and Chilean colonies nust die during their stay
in Alaskan waters there may be a net inportation of biomass
as a result of their comng there. About the inportance of
shearwaters to the Australasian countries there can, in any
case, be little doubt.

The interactions of shearwaters with other species of
seabirds are conplicated by (1) the fact that the
shearwaters are not tied to breeding colonies in the
Northern Hem sphere, (2) their enornous nunbers, (3) their
mobi lity, and (4) their usual avoidance of nearshore waters
(bays and inlets). Hoffman et al. (1981) consider
shearwaters to be both catalysts (attracting other species
to feeding areas) and suppressors %preventing f eedi ng by
other species) . They found that shearwaters and kittiwakes
initiated nost m xed-species feeding flocks in Al aska

c. MOEMENTS OF SHEARWATERS W THI N THE COASTAL ZONE DURI NG
THE SUMVER MONTHS 1N RELATI ON TO FOOD AND WEATHER- RELATED
STRESSES

Sanger (1972, page 607) wote that “very little is
known about distribution, abundance, and novenents of
seabirds in the region and their relationships with the
pelagic environnent”. For a long time, the Short-tailed
Shearwat er has been known to sailors in A askan waters as
the “whale bird” (Gabrielson and Lincoln, 1959), and Murie
(1959) states that “it may be significant that the center of
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abundance of shearwaters in the Aleutians today coincides
fairly well with localities where whales were once par-
ticularly abundant in the Fox Island group”. A relationship
exi sts between the distribution of baleen whales and a high
marine productivity where there are water mass boundaries
(Uda, 1954), and in both the Gulf of Alaska and the Bering
Sea whal es apparently nove along the margin of the Al askan
St ream (Nemoto, 1959; Fig.16.12 in Nasu, 1974). Harri son
(1979) discusses the association of shearwaters wth whales
in the northern Bering Sea, and it is significant that
whal es were seen on August 17, 1975, at the same time as
several million shearwaters (Table 1).

One of the unexplained facts frequently noticed is that
shearwaters “vary in nunbers from day to day in any given
locality” (Martin and Myres, 1969). While this is ap-
parently nost often due to feeding conditions changing wth
the tides or winds and currents, Manikowski (1971) obtained
some evidence that some seabirds |eave an oceanic region
that is in the path of an advancing storm or advancing
fronts associated with eyclonic conditions. Shearwaters nay
make cyclone-rel ated “weat her novenents” fromone locality
to another within their overall region for the particular
season, but we were not able to determ ne whether the
directions in which flocks were observed noving during the
sunmer nonths, when they are not actually mgrating, were
weat her-related or w nd-rel ated.

The ability of shearwaters to smell (Grubb, 1972)
suggested the probability that the wind could either inform
them of feeding conditions upw nd (Hutchison and Wenzel
1980) e.g. at upwelling areas, or of weather conditions at
a distance, and produce a |ocal novenent in response.

The extent to which shearwaters feed or make organi zed
| ocal movenents at night outside the breeding season is
unknown.  That shearwaters can feed on fish In darkness was
establ i shed for Wedge-tailed Shearwaters (Puffinus

acificus) by Gould” (1967). So, it may nol De surprising if
¥IocRs seen one daﬁ are not to be found in the sane place on
t he next day but, because the vessels from which obser-
vations in this study were made were usually traveling at

night, little information on this phenomenon was obtai ned
during this study and it renmains a najor gap in our
know edge.

Because euphausiids come nearer to the surface at night
(Alton and Blackburn 1972), it would be expected that
shearwaters mght feed at night at the lower latitudes in
sout hern Al aska in summer, although few observers have been
very specific about this. On the other hand, swarning of
euphausiids takes place in the daytime (Komaki 1967).

Komaki also points out that Euphausia pacifica swarms of f
Japan at tenperatures between 7 - 16 degrees C from
February - May.

Bad weat her sonetinmes causes nortality to seabirds on a

large scale at sea (e.g. Bailey and Davenport, 1972).
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mek 1 o AGGREGATIONS OF SHEARWATERS OF MORE TNAN 10.000 BINDS SEEN | N 1975

PHYSICAL CONDI TI ONS
S5T=sea surface tenp.

L8S

REGION AT-air temp.
AREA Betarometric pressure cexsus DATA
LOOATION Ww nd: diracu n(domu) No. of bias,
pS=distance knots) Tranaact type(N,8 OF S),  DESCRIPTIVE REMARKS
MONTH fron shore(est, ) Swwave h@l teet and duration FeMo, of flocks
DAY D-depth estimte swell e1 t(feet CA=census ares (xu2) F3R=flock Size range
TILME fathoms direction(de : nsity MES-seen flock size
June BERING SEA SST 3.6% 15,350 Short-tailed Shearwatsrs
8 North Bristol AT 6,0% E -75 min, F 21
B‘g FSR 150=-1000+
2000-2115  58910°K, | B 29, ‘7’;6 CA 28.7 k.z urls 731
" W 135°/6k ND 535 Mol t.
] %gwn‘f.‘ N, + 2/100°
D 15
June SEW NG SEA SST 1.6% 15,000 Short-tailed Shemrwaters
10 ' south of cape AT 5,0% E - 15 nin. F 13, on the water
Newenhan MFS 1,154
1045-1100  58002°N,, B 29.98, rising CA 35.7 ka? Molt
géé"sz'\l , W 2650 5k WD 421 Prom 1115-1130 there were another 8000 birds
i 8 040 /- in 8 flocks and from 1345-1442, 6000 birds in
5 flocks, The distance between these flocks wee
08. 500m,
June BERING SEA SST 1,8% 110,000 Short-tailed Shearwsters .
10 Sout hwest of AT 3.6% E -35 min, F 47, on the water 270, 000 virgst 2210
Cape Newsnham P 32, on the water( 40,000 birds)at 2240
2210-2245  58922'K, , B 29.95 CA 121 ¥m? FSR 200 - 2000 bi r ds NS 1,392
163°03'W, W 265°/5K MD 909 Some birds wereflying ameng the f locks, others
DS 34 mm, s 0+0/- formed seall groups of 10-50 btirds, No more than

D 17 1 % were flying simultanecusly, Food regurgitated
under harassment from Jjaegers was semidigested
euphausiids
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Table 1 (continued) 1

June BERING SEA sST 1, 8% 17,500 Short-tailed Shearwaters
12 Quter Kusko- AT 2. 1% s - 30 nin. P 1 (17,500 birds)
kwim Bay MFS 17, 500
0430-0500 5g%7*N, , 829.82 ,falling cA36.5 wml A big flock that crossed the bow for 30
164°15'W, w 0359/16k M -- mnutes. It was only 100 metres wide Wt nore than
DS 60nm, S 1+2 foz® 10 km long (an area of ca. 1,0 km?). The distance
D 17 between individual birds was only 2-25 Oetres.
July AIEUTTANS ssT 6,7% 42,000 (est. ) Short-tailed Shearwaters
24 Urtlia Bay, North AT 15, 6% E -75 m n.
Uni mek |sland
1325-1440  o4speN, | B 29. 64 CA 1,13 gn2 The birds were noving from east to west ( towards
1640210 W 320°/2k wo 37,168 270°) for 75 mnutes. They were traveling in
0s 2.5 m, s 0+? (Urilia Bay) long files ca. 50 metres wide, The birds settled on
D9 the water ca. 2 mles to the west in flocks of ecas
1000 birds each.
July ALEUTIANS SST 6,7°C 50, 714 Short-tal | ed Shearwaters
24 North Uni mak AT 9,4° E -45 min,
Pass, Shel f 2
2135-2220  Edge, 8 29. 64 CA9.72 kn
54933'%, | ¥ 290°/8k m 5, 2la
165°37%W 8 0+1 /foz0®
D8 15 mm. (exact)
D 173 (exact)
July ALEUTIANS ssT7, 8% 57 ,000 Short-tailed Shearsaters (plus some Sooty Shear-
27 North Akutan AT 8,9°C E -5 nin. waters)
Pass, Shelf Edge
1155-1200  s4%grw, . B 30.13 CA 1.54 Im?
166°14 Y W 112%/9% MD 37,013 , Fog, so birds were estimated only out to 500m,
s Zg nm, S -+ - (N Akutan Pass) fromthe ahip during this 5minute observation
D

Period.
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Table 1 (continued)

5-
0915- 1420

August
6

0920- 1430

August
11

' 1715-1730

August
17

1035-2000

KODI AK SHELF

e Kodi ak,

NE of Woody

«Long | slands

57950°N, ,
152017'W .

DS 2 nm,

D less than 30

KODI AK SHELF
NE Xodiak,

NS of Woody

& long | slands
57%50°N

D less than 30

NWGOA
Shumagin
Islands
55%8°y, .
160°27
05 1.2 mm, (exact)
D 29 (exact)

BERING SEA

South Kunivak
I'sl and

9%03'N,

5 1695580 . —p

127?‘4»2 "

(a transit distance
of 25-30 niles).

DS min. 63 am
max. 82 mm,
D 22-29

. 6% 50, 000
AT 12 v E - 305 min.
(Launch trip)

Sooty Shearwaters ( 904 Of total, and sham-
tailed ill% oftotal).

B? A Oixed flock with 20,000 Black-1egged Kitti -
W2/ CA 45 kni wakes. )
s 2+1/7 MD 1,701 Feeding on small fish,
SST 8. 9°C 40, 000 Short-tail ed Shearwaters (70% of total)
AT 19,4°¢ £ - 310 min.
(Launch trip) A mixed flock with 20,000 Bl ack-legged Kitti-
B 29.83 wakes .
V-/- CA 45 w? Feeding On small flab.
8 -/- MD 1, 460
SST 10, o . 16, 000 Sooty Shearwaters
AT 11,5% N - 15 nin.
B 29.58, falling CA 1.95 kni
W 015%/12 w 8,210
S 1+2/110

SST 8. 9°C =8, 3%

AT 10,0°C —39,4°C E - 325 nin.

B 29.69 —29,64 calest, ) 1152 kni

W 060°/11k —»060°/14k NDsest. )5,210 -8, 680

S 143/340°—p2+3/320° max, i N 10 minutes:
CA 12096 kni
MD 15,432,

(2) The Shearwaters were broth settled on the water
and flying, often in big circles. Sone appeared
to be feeding. Individual flocks varied greatly
in size, in the distance between each flock and
the next one, and in the distance fromone bird
to snother. F3R 100 6, OO0 Many flocks took
of f and flew only 100-200m before settling again,

6- 10,000,000 (in 5 1/2 hre)

Both Short-tailed and Sooty Shearwaters were pre -
sent, bt accurate relative proportions of each weme
not established for the entire “’super-aggregation”.
Short-tailed Shearwaters predominated, but some
individual flocks were Oairily (B0%) composed of
Sooty Shearwaters.,

(1) “Flocks all over the ocean to the horizon -
flocks with thousands of birds.” Numbers Of shear-

waters between the ship and the, hertzon were cal cul ated

at various tinmes during the day as follows:

1510- 15301 40,000 (to horizer}#+ 209000 (near
horizon) - 140, 000

1535 t 200,000

1615- 1625: 250,000

(At least five whales were seen during this period, )
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Table 1 (continued

August BESI NG S8A

18 East of
Pribilof

1615- 1635 |sl ands
7022'N, ,

167935,

0s 77 nm

D 40

SST 10. OOC
AT 11,100
B 29, 52

W040° 17
S 34y qp00

6s, 000
B - 20 nin

1615- 1620
CA 4.2 km
MD 12, 619
1620-1635
e 0.7 w?
MD 21,733

Species unidentified, but both Short-tailed and
Sooty Shearwaters bel i eved present.

From 1615-1620 a f leek estimted at about 50,000 was
I N flight about 3 NM fron the ship. “The bris fly
in etreles® Cl oser to the ship there was snother

3,000 birds about half of which were settled on the
water. In this flock the birds “fly in circles too".

Fog made observation cliff 1ecult from 1620-1635, but two flocks (of 10,000 and 5 000 birds respectively) were
recorded. In the smaller flock, about ?% were sitting enm the water. Feeding birds dove froma height of 2-3

metres,




Storns at sea often result in pela?ic seabi rds being seen in
unusual nunbers along the coasts of the Pacific Northwestern
States, perhaps aggregated and bl ocked by the [and mass in
the course of making normal ‘escape flights’ away from
approaching bad weather. In response to bad weat her
conditions and poor feeding conditions, the relative

di stribution of pollutant residues (e.g. DDT derivatives,
dieldrin and pCB's) as between one tissue and anot her may
change in shearwaters over quite short periods of a few days
(or a week or two), and such nobilization of pollutants and
exposure of nore sensitive tissues and organ systens to them
shoul d induce stress and, on occasions, nass nortality.
Seabird speci nens taken under different conditions could
exhibit different values.

D. THE THREAT OF O L TO SEABI RDS

Because shearwaters travel along both the North
Amrerican coast and the coast of Japan during their m-
grations across the equatorial, tropical and tenperate
'atitudes, they are exposed to pollutants. Anong these near
industrial areas are polychlorinated biphenyls, whi ch have
been found in seabirds.

The fate of oil in the ocean has been reviewed by
zoBell (1964), Berridge (1968), Pilpel (1968), Anderson et
al. (1974) and the Ccean Affairs Board (1975).

One of the busiest oil tanker routes in the world is
that fromthe Persian GQulf to Japan, and Short-tail ed
Shearwaters mgrate along part of this route in the Wstern
Pacific Ocean. The oil threat to seabirds on the Canadi an
West Coast has been revi ewed by Bartonek and sowl (1972),
Verneer and Verneer (1975), Canada (1978), and Thonpson
gﬁg;ﬁ), and on the Yukon coast by Verneer and Anweiler

O the damage that can be caused by oil, anong the nost
inportant is the oiling of birds (dark and Kennedy, 1968;
Verneer and Verneer, 1974 and 1975; Smith, 1975). The
feathers of birds once oiled |ose their waterproofing and
i nsul ating 8ua|ity, and consequently the birds lose their
buoyancy and the capacity to control the tenperature of the
body (Verneer and Verneer, 1975). Overall effects of oil
pol lution of the sea on, seabirds have been docunented by
Cark and Kennedy (1968), Cark (1969), Bourne (1970, 1972,
1976) and Ohlendorf et al. (1978).

In 1970, at least one tanker/day was arriving in Cook
et to load oil fromthe Kenai-Cook Inlet oilfields, and
has been estimated that 0.3% of all oil handled in Cook

let is SEiIIed (Kinney et al., 1969); further, tides and
wi nds flush much of this oil out of Cook Inlet rapidly. The
toxicity of the water-soluble fraction of Cook Inlet crude
oil has been studied by Nunes and Benville (1978) and
Whipple et al. (1979) . Wth the novenent of Prudhoe Bay
crude from valdez by tankers that started in June 1977, the
probl em cannot but escal ate.

| nl
It
I n
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The history of incidents involving oil and seabirds is
a long one with an extensive literature. The number of
birds killed during a spill of oil depends mainly on the
characteristics of the ‘incident’ , physical conditions of
the environment (currents, weather, distance offshore),
season of the year, proximty to col onies and species of
birds present in the area. It has been estimated that
150,000 - 400,000 seabirds are killed annually in the North
Atlantic Ocean (Tanis and Morzer Bruyns, 1969).

During the winter 1969/70 the U.S. Dept. of the
Interior (1970) estimated that from 10,000 - 100, 000
seabirds were killed by oil (probably routine ballast
di scharges) in the Gulf of Al aska. Jim King ("Bird kills
fromoil contamnation in the Qulf of Al aska,

February - March 1970”; unpublished report to Regi onal
Director, Bureau of Sport Fish and WIldlife, Portland,
Oregon, March 1970) considered that they were found ashore
mai nly because of an unusual 6-week period of southeast

wi nds in February-March 1970, not because the nortality

| evel was itself abnornal; the abundance of gl obs of oil
“formed around feathers” suggested that the birds from which
t hey cane had di ed and deconposed at sea some consi derabl e
tine earlier and that this mght be quite a commpn event

of fshore. It was stressed that it is inpossible to cal-
culate the number of seabirds that are not drifted ashore,
but are instead ‘trapped in the offshore A askan Gyre of
the Gul f of Al aska.

Differences in the effects of oil on different taxa are
not well known, al though species behave in varying ways in
the presence of oil on the surface of the water: ~nurres and
penguins dive, and Manx shearwaters, gulls and kittiwakes
fly away (Bourne, 1968; Verneer and Verneer, 1975). Ql
Vul nerability Indices were prepared for 176 species of
marine birds by King and Sanger (1979). For the Northeast
Pacific Ocean, Sooty and Short-tailed Shearwaters had total
scores of 51 and 53 respectively, which is in the mddle
range (maxi num vulnerability is 100). Ford et al. (1982)
attenpted to estimate the | ong-term consequences to seabird
popul ati ons of both one-time and chronic oil spills.

Unfortunately nost species react only after contact
with an oil slick. Under calmw nd conditions and
snoot h-surfaced areas of down-welling, shearwaters tend to
aggregate and settle; unfortunately, oil slicks tend to
simul ate these natural conditions under still-air conditions
or very light winds and snooth the water surface. In such
circunst ances shearwaters could becone oiled in |arge
numbers, although we know of no recorded incidents of this,
per haps because mgjor oil spills and Iarge aggregations of
shearwaters may not so far have coincided in the oceans of
the world prior to this possibility having arisen in Al askan
wat ers.

Anot her cause of seabird nortality, indirectly due to
petrol eum is likely to be caused by |oss of the food
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speci es upon which seabirds depend on. Few confirned and

docunmented exanpl es have been studied in detail, however.
Judging by reports of Bourne (1968), Monaghan et

al. (1973), Wellman (1.973), Wong et al. (1974, 1976a),

But | er (1975% and Brown and Huffman (1976), southern

hem sphere shearwaters have plenty of opportunity for

i ngesting petrol eum products. Boersma (1981) has

dermonstrated that stormpetrels breeding in the Barren

I sl ands, north of Kodiak Island, do ingest fuel hydrocarbons

and that these can be detected in stomach sanpl es.

EFFEE'PSE DETECTI ON OF O L- DERI VED HYDROCARBONS AND THETIR

The degree to which oil and oil-derived hydrocarbons
are harnful to water birds, and in what nmanner, is not well
established, apart fromi) acute toxicity through ingestion
and ii) the loss of thermoregulatory capacity caused by
oiling of the plumage (Hartung and Hunt, 1965; Hartung,
1967) .
Met hods for determning the presence of
petrol eumderived residues in plant and animal tissues,

I ncl udi ng zoopl ankton and fish had only recently begun to be
devel oped when this study of shearwaters was first proposed.
Effects of petroleum uptake on marine organisns and its
transfer through the food chain have been described in:
ZoBell (1964), Synder et al. (1971), Lee et al. (1972), Lee
(1975, 1977%, Hol mes and Cronshaw [1977), Malins 81977),
Stegeman (1977), Wlfe (1977, 1978), Malins (1979), Whipple
et al. (1979) and Neff and Anderson (1981).

The detection and fate of oil-derived hydrocarbons in
seawat er have been studied by Boylan and Tripp (1971) , Payne
51976), Wng et al. (1976a, 1976b) and Cretne% et al.

197% . Bourne and Bibby (1975) showed how the tenperature
of the water varies the threat of oil to seabirds.

* Slow, chronic, harnful effects on seabirds from pe-

trol eum breakdown products and fractions were al nost unknown
when this study began. Clark and Kennedy (1968 pages 11-16)
and Clark (1969] had reviewed what was known. Hartung and
Hunt (1966) found that industrial oil caused lipid pneu-
nmonia, gut irritation, fatty livers and adrenocortical
hyperplasia when fed to ducks. Crocker et al. (1975)

studied the effects of oil fractions on intestinal functions
in ducklings. Peaker (1971) suggested that oiling of birds
could affect the activity of the salt glands. The influence
of petroleum products on avian reproduction (egg formation
and embryo and chick devel opnent) has been studied by
Hartung (1965), Gau et al. (1977), Albers and Szaro (1978),
Miller et al. (1978), Butler and Lukasiewi cz (1979), Peakal
et al. (1980), and Ainley et al. (1981). McEwan and
Whi t ehead (1978) suggested that mature gulls nmay be able to
metabolize 1low Ilevels of petroleum hydrocarbons.

593



F. OCEANOGRAPHY OF THE STUDY AREA (FI VE REGIONS)

The oceanography of the subarctic North Pacific Qcean
has been studied extensively during the last 30 years by,
anong others, Flemng (1955), Dodinmead et al. (1963), Uda

1963), Tully (1964), Dodi nead and Pickard (1967), Royer
1975), Ingraham et al. (1976), Favorite et al. (1976
Sobey (1980a, 1980b) and Muench and Schumacher (1981).

The oceanography of the Bering Sea has been revi ewed
in, anong others, Zenkevitch (1963), Kitano 51970), and
various authors in Hood and Kelley (1974) and Hood and
Calder (1981), including Gershanovitch et al. (1974), Grs
(1974) and Hughes et al. (1974).

The study area is conposed of five regions or
geo?raphical units, as described in this section: Centra
@ulf of Al aska, NEGOA, Kodiak |sland Shel f, NwGOA, and
Bering Sea.

The nonencl ature of the oceanographi ¢ Domai ns and
Current Systens discussed in this section follows that of
Favorite et al. (1976).

They di stinguished the follow ng surface (upper 125
metres) Domains and Current Systens in the Subarctic region,
as shown in Figure 1.

(1) Domai ns (white in Figure 1)

E= Ridge Domai n and Al askan Gyre

F= Transition Domain

G= Dilute Donmain

| = Upwelling Donmain

J= Coastal Donain

(2) Current Systens (black in Figure 1).
A= Bering Current System
C= Subarctic Current System
D= Alaska Current System (Al aska Stream
H= California Current System
L= Ckhotsk - Kuril Current System

(3) res {(anticlockwise) (thin arrows).
= Bering Sea Gyre
E= Al askan Gyre
M= Okhot sk Sea Gyre
N= Western Subarctic Gyre

(4) K= Subarctic Boundary

1. The Central @ulf of Al aska

The Northeastern Pacific Ocean above 50 degrees N (the
Central @il f) includes the northern boundary of the
Upwelling Donain, the Coastal Domain, the Dilute Domain, the
Subarctic Current, the Ri dge Donain and Al aska Stream
(fFig.1l). When J.R.G. sailed between Seattle and Kodi ak
| sl and, on three occasions, all of these domains and
currents were crossed at some point. For nost of the year,
shearwaters are not common over the open ocean of the
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Figure 1. Subarctic Donmins and Current Systenms, according to Favorite et al.
(1976). For interpretation of the letters (A-N) see text section
Il F (page 18),



Central @ulf.

Some seamobunts of the Kodi ak-Bowi e Seamount Chain were
passed on the trans-Gulf crossing. The ones considered nost
I mportant, because of the nunber of shearwaters encountered,
were the Giacomini, Surveyor and Welker Seanmpunts. These
seampunts are located in the Ridge Donmain and Dl ute Domain
and in the Subarctic Current System in between them
Upst ream seamounts produce small scale subsurface fluctu-
ations in dynamc topography that are manifested as
baroclinic eddies at the sea surface (Royer, 1978).

Shearwat ers concentrate in the Coastal Donain and the
Upwelling Domain (Fig.l) and are found only in | ow nunbers
in all other domains and currents.

2. Northeastern @ulf of Al aska (NEGOA)

The Northeastern Gulf of aska &NEGOA) covers the area
from Yakut at BaK to 147 degrees W The study area lies
mainly wWwithin the Coastal Domain and the Alaska Current
System (Fig.l).

The influx of fresh water is a major driving force over
t he NEGOA shel f (Roden, 1967; Royer, 1979; Sobey, 1980b) .
Preci pitation and runoff are the nost inportant sources of
| ow density waters nearshore. This occurs mainly during
spring and early summer, from huge glaciers that al nost
extend down to tidewater.

Bat hynetry is another factor affecting circulation.
Troughs in the shelf region seem to direct flow towards the
shore. Islands such as Middleton |sland and Kayak |sl and,
seemto have an inportant role in directing water flow
shorewards or seawards.

3. The Kodi ak |sland Shelf

The Continental Shelf in the Qulf of Alaska is at its
wi dest between Prince WIliam Sound and Kodiak |sland. The
Kodi ak Shelf is characterized b%/ the presence of a series of
troughs, which run across the shelf to the Shelf Break or
act as channels for current flow between the continental
slope and the inner shelf near Kodiak Island. From NS
t hese are Amatuli, Stevenson, Chiniak and Kiliuda Troughs.
Kenned?é Entrance |ies between the Barren |Islands and the
Kenai Peninsula, and Stevenson Entrance between the Barren
| slands and Afognak Island. Shallow banks are | ocated
bet ween these troughs. From NS these are Portlock Bank and
North, M ddle and South Al batross Banks (Sobey 1980a in the
Kodiak Interim Synthesis Report, Science Applications,
I'nc.).

)The Kodi ak Shelf is located in the Coastal Donmain.
Along the Shelf Break, flow is dom nated by the Al aska
Current System {Al aska Stream) (Fig.l). The shelf is
influenced by low salinity waters near the coast and denser
waters along the Shelf Break. Upwellings are weak during
the summer.
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4., The Northwestern Gulf of Al aska (NwGoa) and Uni mak Pass

The Continental Shelf becones quite narrow west of the
Shumagi n | sl ands.

he Al askan Stream as it flows westward along the
south side of the Aleutian |slands, penetrates into the
Bering Sea through the passes along this chain and has a
warm ng effect (Favorite, 1967; Kitano, 1970). Mr ked
tenperature and salinity fronts at the boundaries of the
warm dilute, lowsalinity Al askan Stream have been shown to
exist in the spring and summer between 155-165 degrees W and
south of Adak Island (Favorite et al. 1976).

There are altogether approximately 40 passes along the
Aleutians, with the depth increasing towards the west. From
east to west, these passes are grouped in six areas of mjor
exchange: Xk) Unimak , (ii) Amukta , (iii) Amrchitka , (iv)
Buldir, (V) ar and (vi) Kanthatka (Favorite et al. 1976).
Fl ow t hrough the passes nmay be either northward or southward
(Reed, 1971). 1t is highly variable, and may be “greatly
i nfluenced by how far south of the passes the main axis of
the Al askan Stream occurs and at what |ongitude [westward]
the main recirculation of coastal water [back] into the Gulf
of Al aska takes place” (Favorite 1974). Reed (1968) showed
that at 165 degrees Wthe Al askan Streamis only just over
half as wide in September as in January, and concluded that
the volune of flowis “correlated with the seasonal pressure
systens”, as had been postulated by Uda (1963).

_ Unimak Pass is the nost inportant for this study. It
Is a shallow opening, only 60 netres deep, and is the first
| arge communi cati on between the Gulf of Alaska and the
Bering Sea. Unimak Pass is characterized during spring and
summer by the presence .of thousands of shearwaters, no doubt
because of the high concentration of nutrients, and hence of
prey itens, possibly due to a considerable degree of mxing
that brings the nutrients to the euphotic zone.

5. The Bering Sea

Favorite et al. (19762 suggested a circulation pattern
for the Bering Sea, which they called the Bering Current
Sys tern.  Water flows fromthe Alaska Stream north through
several passes west of Unimak Island, and then is incor-
porated either into the Bering Current System fl ow ng
northwest along the Bering Sea Shelf Break, or into a
coastal current flow ng northeast along the north side of
the Alaska Peninsula. There is a northward flow over the
continental shelf in Bristol Bay and along the Al askan coast
towards the Bering Strait. The situation over the
sout heastern shelf is conplicated by the effects of tidal
and wind currents and fresh water runoff. Gershanovich et
al. (19742 stated that tidal currents are very inportant on
The shelf near the Pribilef |slands and on the continental
slope. In the Southeastern Bering Sea, the area of interest
for shearwaters is the eastern Continental Shelf and the
Shel f Break Front.
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Sancetta (1981) distinguished four zones, separated by
three fronts: (i) the Shelf Break Front at the edge of the
Bering Sea Basin at the 200 netres isobath (100 fathons),
(ii) a Mddle Shelf Front at the 100 metres isobath (50
fathons), and (iii) an Inner Shelf Front at the 50 netres
I sobath (25 fathons) (Figure 2).

The Shel f Break appears to be permanent, and to
separate nore saline, warmer, waters of the Al askan Stream
and the Bering Basin from cooler, lower salinity, waters
fromthe shelf. The Mddle and |Inner Shelf Fronts appear to
be seasonal, and the thermocline igs affected by w nd and
tidal vertical mxing. Thus, the waters between 50 - 100
metres are stirred by tidal and wind vertical mxing, which
i ncreases the concentration of nutrients available to the
primary producers, resulting in a spring bloom of
phytoplankton.

G THE MARI NE ENVI RONMENT

Seabird di stributions nmust be understood in relation to
the marine environnents they use, such as the conplex
arrangenments of Domains, Current Systenms and Fronts that
occur in the Subarctic North Pacific Ccean (Fig. 1). They
mai ntain “a paradoxical consistency in their habitat
preferences throughout the year” (Brown, 1980).

The anal ysis of the distribution of shearwaters in this
report has mainly been based on an habitat classification
derived from Kessel (1979) and Sancetta (1981). For this
purpose the distance and the depth offshore at which
shearwaters were found have been considered the basic
environnental parameters in the analysis.

1. Marine Habitats

Kessel (1979) has classified the bird habitats of
Al aska. Based on studies carried out by PROBES (Processes
and Resources of the Bering Sea) , there are 4-5 major narine
habitats (Waters or Zones) separated by structural fronts

(Kessel) which are defined in terns of vertical mxing of
&29 wﬁ%fr by winds and tides (Sancetta, 1981), as follows
ig. 2):

A= Near shore Zone
B= I nshore Zone (<50 m = 25 fat hons)
C= Mddle Shelf Zone (25 - 50 fathons
D= Quter shelf Zone (50 - 100 fathons
E= Cceani ¢ Zone (>100 f at hons)
The Middle Shelf Zone and Quter Shelf Zone together
make up the O fshore Waters.

(I'). Nearshore Waters

The Nearshore Zone includes waters that are protected
b% the configuration of the coast and/or by islands, and
that are also generally shallow, e.g. bays and inlets.
(2). Inshore Waters

The Inshore Zone consists of exposed coastal waters
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Figure 2. Schematic Cross-section Representation of the Continental Shelf to show
Marine Habitats for Alaskan Waters, after Kessel (1979) and Sancetta
(1981). For interpretation see text section III G (page 21).



that extend out to the Inner Shelf Front. The depth does
not usually exceed 50 neters (25 fathoms) and they do not
generally extend nore than 6 km offshore. Both wnd and
tidal mixing occur at the sea surface at the |Inner Shelf
Front (Fig.2).
(3). Ofshore Waters _

O fshore waters extend seawards from the Inner Shelf
Front and can be subdivided into:

(i) the Mddle Shelf Zone éC in Fig.2), which extends from
the Inner Front to the Mddle Shelf Front, i.e. fromthe 25
50 fathons isobaths, and (ii) the Quter Shelf Zone (D in

Fig.2), which extends fromthe Mddle Shelf Front to the
Shelf Break Front , i.e. fromthe 50 - 100 fathons isobaths.
(4). Cceanic Waters

Beyond the Shelf Break Front is the Cceanic Zone, wth
depths greater than 100 fathons. Kessel considered ev-
erything beyond the Inner Shelf Front as being O fshore
Waters, but use of that termw || here nmean only the region
between the I nner Shelf Front and the Shelf Break Front, as
in Sancetta (1981). Kessel's Cceanic Zone wll be called
Cceani ¢ Waters.

2. Circulation of Nutrients

The circulation of nutrients in a vertical direction
can be achieved by several different processes (Sverdrup et
al. 3.942; King, 1975; Davis, 1977; Boje & Tomczac, 1978;
Sobey, 1980 a and b).

(I'). Influence of Wnds

Wien Ekman transport pushes near-surface waters off-
shore away from a coastline, a divergence zone arises and
wat er from deeper |ayers noves to the surface to replace the
wat er masses noving away horizontally. This IS upwelling
(King, 1975; Boje & Tontzac, 1978; sobey, 1980a).
Downwelling occurs when waters of the surface |ayer are
pushed inshore.

Upwellings are the nost inportant factor in the supply
of nutrients. An Upwelling | ndex (Bakun 1973, 1975) can be
defined as being “nunerically equal to the offshore com
Bonent of the Ekman transport per 100 neters of coastline”.

ositive values of the upwelling |ndex indicate upwelling,
and negative values refer to downwel|ing.

For the Northeastern Gulf of Al aska, the Upwelling
| ndi ces, averaged over 1975-1977, have been cal cul ated by.
Royer (in Sobey, 1980 a and b). He found a very short
upwelLl i ng season in the NEGOA, from about My to August,
wth only a very snall positive index value. During the
rest of the year strong downwelling prevails along the
coastal area of NEGOA and the Kodiak shelf.

On the Kodiak |sland shelf, Ingraham et al. (1976) also
reported Upwel ling Indices with weak positive values from
June to Septenber, and strong negative val ues during the
W nter when there is considerable downwelling in this area.
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Sobey mai ntains that the upwelling season ‘is probably too
short to be biologically significant”. In the Qulf of

Al aska upwellings are probably not an inportant
oceanogr aphi cal factor responsible for high productivity,
hence concentration of nutrients mustbedue to other
oceanogr aphi c features.

Anot her nechani sm by which wind can affect nutrient
circulation is direct forcing. Direct forcing of the
surface waters may occur when depth is small (35-50 m)
conpared to Ekman depth, or when w nd fluctuates over short
periods of time (shorter than the inertial period of about
14 hours in GOA).

(2). Turbulence and Local Currents

Al ong coasts there is an inmportant supply of nutrients
fromrunoff fromthe |and, which are then transported al ong
the coast by offshore currents and tidal currents. The
stirring of nutrients fromthe bottom by wave action, and
downsl ope transport along continental slopes and submarine
canyons, are also inportant mechanisms increasing the
amounts of nutrients avail able.

(3). Density Currents

Due to changes in water tenperature, seasonal vertical
m xi ng by changes in water density are particularly im
portant In md-latitudes, where it helps in transporting
nutrients to the euphotic zone. Along the coast of NEGOA
and the Kodiak Shelf there is a very strong stratification
in the sumrer season, but during the winter there is a
m xi ng (Sobey, 1980 a and b).

(4). Geostrophic Circulation

Favorite et al. {1976) calculated the w nd driven
transport of the sea surface currents “by conputing
geostrophic winds fromthe sea-level atnospheric pressure

distribution”. They found an area of current divergence in
the Aleutian area between 50 - 55 degrees N, from Decenber
to February and in June and Septenmber. It shifted northward

to 55 - 60 degrees N from March to May, and it was absent in
July and August. They suggested that, as ‘this feature
exists for nost of the year”, the vertical transport ‘should
be considered as an inportant nmechanismin this area”. It
is probably partly responsible for high productivity,and
hence for concentration of food itens for secondary and
tertiary consumers in the Al eutian Island passes.

3. Productivity, and the Foods taken by Shearwaters

Bi ol ogi cal productivity and plankton have been
described for the coastal areas of the GQulf of Al aska by
Larrence et al. é1977), Dunn et al. (1979b) and Fucik
(1980%, for the Bering Sea by Mdtoda and Mnoda (1974), and
for the southeastern Bering Sea by Iverson et al. (1979) in
relation to the Shelf Break Front. The distribution of
euphausiids in the North Pacific has been described by
?&bg%on (1962), Wemoto (1962), Ponomavera (1963) and Komaki

601



The foods taken by shearwaters in the Northern
Hem sphere have been reported by Lensink et al. (1976),
Sanger and Baird (1977), Sanger et al. (1978), Krasnow et
al . 31979), Qui et al. (1980), Brown et al. (1981) and Qgi

1981) .

( The diving behavior of shearwaters for food has been
descri bed by Brown et al. (1981%, and Dunn (1973) and
Bi rkhead (1976) described how the fishing ability of terns
and guillenots is affected by w ndspeed and the condition of
the sea surface - shearwaters may be simlarly affected.
Slater (1976) discovered a tidal rhythmin guillemots
f eedi ng on sandlance sone di stance offshore.

The trophic relationships of seabirds in the North
Paci fic Ocean and Bering Sea have been described by Lensink
et al. (1976), Sanger and Baird (1977), Sanger et al. (1978)

and Ainley and Sanger (1979).

Seabirds sometimes occur in interspecific feeding
assenbl ages (Scaly, 1973, Hoffrman et al. 1981). The com-
munity structure and interrelationships of nmarine birds,
including shearwaters,in the North Pacific Ocean have been
anal yzed by Wens et al. (1978).

V. STUDY AREAS

The areas studied were at sea in the North Pacific
Ccean and the Bering Sea, between 50 - 60 degrees North and
140 - 180 degrees West (10 degree x 10 degree Marsden
Squares 195, 196, 197 and 198). This huge area includes
parts of the follow ng oceanographic regions: Coastal
Domai n, Al askan Stream Domain, Transitional Domain, Centra
Subarctic Domain and Western Subarctic Domain (Figure 1)
éFavorlte et al. 1976) in the Gulf of Alaska and the Bering

ea.

Where to draw the boundary |ine between NEGOA and NWGECOA
has been a constant problem 1In 1975 the NEGOA Continental
Shel f, east of 150 degrees W was not visited and Kodi ak
Island was included in the NWBOA. G eater activity just
northeast of Kodiak Island early in 1976 necessitated
treating that area also as part of the NEGOA. In this Final
Report, NWGOA is limted to the region west of Chirikof
Island to Akutan Pass (ea. 156 - 167 degrees W, and an
intermedi ate area, the Kodiak Island Shelf, has been
di stingui shed as occupying the area from Chirikof |sland
east to Amatuli Trough (148 - 155 degrees W).

The area covered, as well as the cruises and periods of
observations, were nainly pre-determ ned by the schedul es of
vessel s used for other research (’ships of convenience’)

A. PERI ODS OF OBSERVATI ON
Al'l observations for R.U. 239 were made by J.R.
GQuzman. The first ones were made on June 3, 1975, north of
Adak I|sland, and the |ast ones were nade on August 19, 1976
Cbservations were nade during 1975-1976 for a total of
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142 days (1975-58 days; 1976-84 days) spread over seven
mont hs (ranging from May through August) .

During 1975, one cruise was nmade on board the NOAA r/vV
DI SCOVERER and two cruises on board the NOAA rR/v SURVEYOR
In 1976, three cruises were made on board the RV DI SCOVERER
and two cruises on board the RV SURVEYOR. This was a
conbined total of eight cruises aboard the NOAA vessels.
Smal | boats (launchers) were |owered fromthe vessel, when
weat her and tine allowed, for collection and direct ob-
servations of shearwaters.

SUMMARY OF SHI P TI ME

MAI N LOCATI ON  DATES No. OF DAYS VESSEL FILE I.D.
_ 1975
Bering Sea June 2-19 18 Di scoverer 01UC75
Bering Sea iyly %1- 21 Sur veyor 02UC75
ug.
Kodi ak | . Aug. 3-6 4 Launch 03UC75
Bering Sea Aug. 7-22 15 Surveyor 03UC75
Tot al 58
1976
NEGOA My 3-22 20 Di scoverer 01UC76
NEGOA May 24-30 7 Di scoverer 02UC76
Bering Sea June 5-25 21 Surveyor 03UC76
NEGOA July 16-31 16 Di scoverer  04UC76
?eripg Sea Aug. 1-20 20 Surveyor 050C76
ot a 84

~ The above listin
during each cruise.

foll ows:

Nort hwestern Culf of Al aska,
8ﬁy?), the Bering Sea (77 days

ys)

bet ween Seattle and Kodi a

B. TRACKS OF NOAA VESSELS

shows only the main |ocation visited
n nmore detail, the tine was spent as
the Northeastern Gulf of Alaska (40 days), t he
i ncl udi ng Kodiak Island (13
and 1n transit across the
(12 days).

~ For location of the places naned here refer to the
Kodi ak Interim Synthesis

epor t

(Sci ence ApFIications, I nc.

VMarch 1980, pages 4-7) and the Northeast Gulf of Al aska

| nterim Synthesis Report (Science Applications, Inc., July
1980, ﬁages 4-7).
_ The approximate tracks of the vessels appeared on maps
I N Myres and Guzman (1976 - 1977), and in Guzman

The act ual

each plot

Transect and Station counts of al
recorded were also plotted on these maps.

represented one single observation, or

(1981).
shearwaters
On those nmaps

a group of

observations if these were so close together that it was

I npossible to represent

them separately on the map.

The

maps showed dayl 1 ght observation |inked together in daily
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sequences. The lines linked the order in which the ob-
servations were taken rather than the actual tracklines of
the vessels. Nunbers against each plot referred to the day
of the month, and were placed in front of the first ob-
servation of each day. The synbols represented absol ute
nunbers of birds seen at each particular spot. They showed
presence or absence of shearwaters, and the relative sizes
of the aggregations.

1. 1975.
(1). June

The areas covered during this month were all west of
150 degrees West, and the observations were al nost entireI%
confined within the Eastern Bering Sea. J.R.G. joined R
DI SCOVERER at Adak I sl and.

(bservations were made during (i) a transit cruise from
Adak Island in the central Aleutians to the pribilof I|slands
near the edge of the Continental Shelf in the centra
Sout heastern Bering Sea, and southeast of the Pribilof
| slands, (ii) a cruise along the north side of the Al aska
Peninsula as far east as inner Bristol Bay, (iii) a cruise
in the northern part of outer Bristol Bay past Cape
Newenham (iv) a cruise close to Nunivak Island and as far
west as the edge of the continental shelf west of the
Pribilof Islands, (v) a cruise in the central Southeastern
Bering Sea east of the Pribilof Islands, and (vi) during a
transit voyage through Uninmak Pass to Seward on the Kenai
Peninsula of the @ulf of Al aska.

In the Bering Sea in June 1975 there was a | ack of
shearwaters to the northwest and towards the edge of the
shelf in the west. Highest nunbers were found off Kuskokw m
Bay, Cape Newenham and inner Bristol Bay. On the one-way
transit of the NWGOA to Kodiak at the end of the cruise only
| ow nunbers of shearwaters were recorded beyond the 1000
fathons isobath.

(2). July

There were transit voyages (i) from Seattle to Kodi ak
across the @ulf of Alaska and (ii) from Kodi ak to Uni nak
Pass. Formal observations were made (iii) in the Bering Sea
along the north side of the inner Al eutian Islands and
out ernost Al aska Peninsula, and north as far as Cape
Newenham  These were foll owed by éiv& a return transit
voyage from Uni mak Pass backto Kodi ak.

~Altoget her, about 2,700 shearwaters were recorded when
paSS|n? sout hwest of the Welker and Surveyor Seamounts in
the Gulf of Alaska during the transit from Seattle to Kodiak
on RV SURVEYOR  The inside passage, along the south side
of the Al aska Peninsula was very poor in shearwaters.,
Shearwat ers were abundant around Uni mak Pass and Amak
I'sland. None was seen around Cape Newenham On the return
trip along the continental shelf break of the NWGOA they
were seen only between Chirikof |sland and Kodi ak Island.
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(3). August

As in June, the bulk of the information was obtained
within the Bering Sea. (bservations were first nade in the
Nort hwestern Gult of Alaska (i) off Kodiak Harbor (Chiniak
Bay), (ii) between Kodiak and the Barren Islands, (iii) in
Shelikof Strait, and (iv) near the Trinity Islands and
Chirikof Island. Finally, observations were made (v) in the
Eastern Bering Sea.

Between 6 - 10 million shearwaters were seen, over a 30
nm di stance, during 6 hours of observation, starting about
50 nm sout hwest of Nunivak Island on August 17, 1975 (see
Figure 10). This was the largest aggregation of shearwaters
seen.

2. 1976
(. my | o

Cbservations were nade in the NEGOA during (i) a
transit voyage from Juneau to Kodi ak al ong approx. 58
degrees N latitude across the deep waters of the northern
Qul'f of Alaska, (ii) a transit cruise from Kodiak to Cook
Inlet and back, (iii) a transit cruise from Kodiak to Icy
Bay, (iv) surveys in the lcy Bay - Kayak Island area, and
(v) a return transit cruise to Kodiak. Finally, there was
(vi) a second cruise into Cook Inlet and then on to Prince
WIliam Sound.

Shearwaters were well distributed, and very abundant
over, and along the edge of, the continental shelf of the
NEGOA between Icy Bay and Kayak |sland, along the edges of
%matuﬁi Trough, in Kennedy Entrance and over Stevenson

rough.

Shearwaters were found over Cceanic Waters al ong
| atitude 58 degrees N, in the Central @ulf of Al aska, on M
4, 1976, seen flying during all record periods towards the
(270 degrees) in sparse flocks (long files), which was the
only time during five transit voyages across the @ulf of
Al aska that a definite directional mgratory novenent was
observed. The wind was fromthe ESE - SSE at 15 - 25 knots.’
The largest flock seen was of 300 birds, and nost flocks

were only 1 - 44 birds. Sone snall groups stopped to dive -
and then continued flying.

(2). June

(bservations were nade during (i.) a transit voyage from
Kodiak t0 Unimak Pass, (ii) a transit cruise from Uni mak
Pass to the Pribilof Islands, followed by nearly five days
near the islands and a return transit to Dutch "Harbor on
Unalaska Island, (iii) along the north side of the inner
Aleutian Islands and outernost Al aska Peninsula. Follown
this, there were transit voyages (iv) from Unimak Pass bac
LP ﬁ?diak, and (v) from Kodiak to Seattle across the Gulf of

aska.

Unlike 1975, the inner continental shelf of the Bering

Sea and Bristol Bay were, unfortunately, not visited.
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Shearwat ers were again absent fromthe pribilof area, but
wer e abundant between Uni nak and Amak |slands, and in the
NWEOA between Chirikof Island and the Trinity Islands, and
over Kiliuda Trough off sitkalidak | sl and.

Two relatively large flocks of 1,200 and 4, 000
shearwaters were seen near Giacomini Seamount in the Qulf of
Alask? on June 21, 1976, during the transit from Kodiak to
Seattle.

“(3). July

Observations were made during (1) a transit voyage
across the Gulf of Al aska (from Seattle to Kodiak,) (ii) a
transit cruise across the deep waters of the northern Qulf
of Alaska and (from Kodiak to Icy Bay) , and (iii) a cruise
along the continental shelf back to Kodiak.

The nunbers of shearwaters were quite | ow over the
continental shelf of the NEGOA, except off Kodiak Island.
About 3,100 shearwaters were seen near Surveyor Seanpunt on
July. 18, in five groupings averaging just over 600 birds
each. Very small nunmbers of shearwaters were al so seen over
Cceanic Waters along |atitude 58 degrees N, in the Centra
Gul f of Al aska beyond the shelf edge, on July 20 - 21.

(4). August

Observations were made during (i) a rapid transit
voyage from Kodi ak across the Northwestern Gulf of Alaska
and Bering Sea to Nome on the south shore of the Seward
Peninsula, (ii) surveys in Norton Sound , and (iii) a rapid
return transit voyage from None across the Bering Sea and
Nort hwestern @ulf of Al aska to Kodi ak.

During both crossings of the Southeastern Bering Sea
and between Uni mak Pass and Kodiak al ong the 100 fathons
line, shearwaters were seen regularly, but flocks never
exceeded medium size |evels.

In conclusion, to determne the |ocations of particular
shearwat er observations, the reader should refer to the naps
al ready published in Myres and Guzman (1976-1977), or in
Guzman ﬁ1981)' In the renmainder of this final report, these
observations are analysed by latilong bl ocks, by distance
from shore and by water depth, as described in Section V.

V. SOURCES, METHODS AND RATI ONALE OF DATA COLLECTI ON

A, COUNTI NG SHEARWATERS

The problens of counting birds at sea have been mﬁdelﬁ
di scussed. Dixon (1977) showed that the distances at whic
birds sitting on the sea are first seen varies with the
species. Bailey and Bourne (1972) and wahl (1978) presented
gui delines. Helnemann (1981) developed a range finder for
use when censusing pelagic birds at sea. King (1970, 1974)
refined a nunber of observational nethods devel oped earlier
by Kuroda (1960). Recent nodifications in nethodol ogy have
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been nmade by Nettleship and Tull (1970), and Brown et

al . (1975). In Alaskan waters, Bartonek and G bson (1972)
prepared maps for each species recorded in Bristol Bay that
showed the nunber of birds per 20 mles of transect. Sanger
(1970) also used the indices of Ruroda (1960), and later
Sanger (1972, pages 596-597) devised an equation for the
standing stock of ‘ecologically simlar groups of species

by season and oceanographic domain. This was converted to
gogmﬁsby i ncl usi on of average wei ghts of ‘representative
rds’ .

In this study, observations were made with 7x bin-
oculars. Hand counters were used to tally the birds. The
nunbers of birds seen, and comments on their behavior, were
recorded on a tape recorder, and later transcribed onto the
forns. The recording nethods devel oped by the U 'S. Fish
and Wldlife Service in Anchorage, specifically for the
Al aska OCSEAP (NOAA) surveys, were enployed. The census
nmet hod i nvolved data fornms (i) for ship transects (Form
0oBs-2-75 for Pelagic Bird Cbservations: Transect Records),
and (ii) for station records (Form oBs-3-75 for Pelagic Bird
(bservations: Station Records).

Nor mal Transect Counts were nmade mainly fromatop the
pi | ot house $f|ying bridge), in a 90 degree quadrant out to
a distance of 300 mforward fromthe ship on one side only,
in three zones, each 100 m w de.

In 1975 counts were nmade during a standard 15 m nutes
of observation once in every hour, but in 1976 this was
changed to a standard 10 mi nutes record_Period every 30
mnutes. Thus, in 1976 nore of the available tinme was
utilized for recording conpared with 1975 330 m nut es
instead of 15 mnutes in every hour sanpled).

In addition, e.g. whenever visibility was limted bK
fog, so-called Experinental Transect Counts were made. They
were recorded on the same forns as the Normal Transects, but
an “E’ was placed before the number to show that the
information was collected using other censusing procedures
than those for Normal Transect Counts. \Whenever tine
permtted, all the shearwaters that it was possible to see
fromthe ship were counted, and if these observations did
not qualify as Normal Transect Counts they were recorded as
“E” Transects.

The observations were generally carried out towards the
side with least glare, i.e. away fromthe sun. But when
shearwaters were encountered the side consideredwasthat _
where shearwaters were present or fromwhich they were
approachin% the vessel. _

All the transects carried out from May 3 - 20, 1976,
were treated as Experinental Transects (“E’) because both
sides of the ship were surveyed, and the time periods varied
from10 - 30 mnutes. This method (including birds on both
sides of the ship during a transect) proved to be im
practical, because it is very difficult to observe and count
all species of seabirds over the entire area sinultaneously.
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Furthernore, because nost birds normally cross the bow from
one side to the other, there is a risk of counting birds

tw ce and the di sadvantage of assigning birds to an area
twice as large as necessary. Counting off one side only
usgﬂyresults in al nost as many being counted as off both
si des.

After May 24, 1976, transects of 10 m nutes duration
were enpl oyed becausethis proved to be nore practical and
val uabl e than the one 15 m nutes period each hour enployed
in 1975. Fewer counts were forfelted because of inter-
ruptions, and it allowed for a higher nunber of ‘record
periods’ during a single hour. It was easier to work three
transects of 10 mnutes into ‘block periods’ of 30 mnutes
per hour. Any information besides counting was recorded
under remarKks.

At fixed Ship Stations all the birds up to 600 m all
around the ship were counted.

Eventually all the data collected was transcri bed onto
coded forns devel oped by the uUsr&ws in Anchorage, for use by
the U.S. National Cceanographic Data Center (NODC), for al
OCSEAP projects in Alaskan waters

B. SPECI MENS
Whenever possible, specinens were collected with a
20- gauge shotgun under UsSF&wWs sub-permt (No. 7-SC-25) of
the federal permt to Dr. C.Lensink, and USF&WS sub-permts
of State of Al aska permt No. 76-148. oOnly 38 speci nens
$BT? collected in 1975-1976. They were distributed as
ol | ows:

Short-tailed Shearwater Sooty Shearwater

1975. 12,June 10, off Cape None
Newenham (Bering Sea)
12,August 19, off Kodi ak None

1976 13,June 15, of f Anmk Is. 1,August 20, Chiniak
(Bering Sea) Bay (Kodi ak)

Totals: 37 1

A technique for capturing shearwaters alive at sea has
been described by GII et al. (1970), and this could be used
to band them or to attach radio transmtters in Al askan
waters. Unfortunately, sexing of shearwaters by cloacal
exam nation is only possible during the breeding season
(Serventy 1956a).

C. PLANKTON, SQUI DS AND FI SH

As soon as birds were collected, they were weighed.
For mal dehyde was forced into the esophagus to stop di-
gestion. Stomachs were renoved for analysis by
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M. G.A. Sanger of the USF&WS, Anchorage, Al aska. The
anal yses of the foods taken by shearwaters in 1976 in the
Qul f of Al aska and sout hern Bering Sea were published by
Sanger and Baird (1977).

UnfortunateIY very little data on the occurrence and
distribution of plankton, squids or fish were collected by
ot her Research Units in the OCSEAP program on cruises of RV
DI SCOVERER or R/V SURVEYCR during which J.R.G. collected
si mul t aneous shearwater observations. Therefore, it was not

ossible to make direct correlations of the food taken by
irds with what was available to them

VI. RESULTS

A. METHODS OF PRESENTATI ON o

For the year 1975, maps of the densities of shearwaters
(birds/km2) were prepared for the Annual Report, but for the
year 1976, actual nunbers of birds seen at each observation
point were plotted on maps for the Annual Report (Mres and
Guzman, 1976-1977). Simlar nmaps of actual numbers of birds
counted in 1975 appeared in the Quarterly Report at the end
of the 1975 season. Both nethods of presentation (actua
counts and densities) have drawbacks. Actual counts vary
over a huge range of nunbers and are not tenpered by any
averagi ng procedure, but they do identify precisely where
| ocal aggregations occurred. Density calculations obscure
the stron% gradient that exists fromthe vast area of ocean
with no shearwaters at all, or very small nunbers, to highly
concentrated Iocalla%ﬂregatipns. _ _

Seabirds are highly nobile organisnms and very patchy in
distribution. It is difficult to submt count data obtalned
during infrequent, w dely-spaced and non-parallel o
track-1ines by ships-of-convenience to standard statistical
anal ysis. Marine ornithol ogi sts now favor the standard-
i zation of counts into 10-mnute units of equal effort.

1. "Latilong” Bl ocks
The study areas were each divided into regular
| atitude-longitude ('latilong') bl ocks. The latilong bl ock
sizes used were either 30'N X 30'Ww or 1 degree N X 1 degree
w. Each 1 degree N x 1 degree W latilong has a surface area
that is 60 nautical mles (111 km tall from South-North and
30 - 35 nautical mles 856 - 64 km) w de from East-West,
depending on the latitude, at 55 - 60 degrees N. .
For each block visited we have plotted vertically: (1)
at the top, the Effort (expressed as the nunber of 10-mnute
periods of observation), (ii) and (iii) the average nunber
of birds of each species seen per unit-effort, and (iv) at
the bottom the average nunber of all shearwaters (I ncluding
unidentified shearwaters) seen per unit effort. See the Key
to symbols on Manps at the start of the Portfolio of figures.

2. Unit-effort (1O mnute counts)
The shearwater counts have been presented as the nunber
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of birds seen per 10 minutes of observation. Because the
USF&WS switched froma 15-mnute standard for Norna
Transects in 1975 to 10-m nute Normal Transects in 1976, we
had to switch as well. as the data were collected in a very
opportunistic way, not all the observations were made during
standard 10-m nute periods; sometimes observations were
carried out for much longer periods of tine.

To convert non-standard counts into 10-m nute
unit-efforts, the nunber of birds seen per 10 m nutes was
cal cul ated fromthe total time of the particular
non-standard observation. The total nunmber of mnutes of
original observation was divided by 10, to determ ne the
nunber of unit-efforts (periods of 10 mnutes); any surplus
val ue bigger than 0.5 was counted as an extra unit-effort.
Al'l Normal Transects, E-Transects and Station counts,
descri bed earlier, have been converted into unit-efforts.

3. The Shearwater Distribution Mps

The total nunber of birds seen in each latilong bl ock
was divided by the nunber of unit-efforts in that block, soO
as to obtain the mean nunber of birds seen per unit-effort
per bl ock.

The mean nunber of birds per 10-mnute unit-effort in
each block visited, is presented for all cruises, nonth b
month, in Figures 3-13. The topnost synbol in each 4-synbol
group is the total nunber of unit efforts in that block upon
which the analysis is based (see the Key to Symbols on Maps
at the start of the portfolio of figures). The three lower
synbol s in each block represent (in-sequence downwards) |,
first the Sooty Shearwater, then the Short-tailed Shearwater
and finally all shearwaters together (Sooty + Short-tailed +
unidentified Shearwaters) . Thus, to determ ne the nean
total nunmber of shearwaters in each latilong bl ock, scan
only the lowest synbol in each group. To determ ne the mean
nunber of Sooty Shearwaters scan across the |ine containing
t he second synbol down, and for the Short-tailed Shearwaters
scan across the line containing the third synbol down in
each group

No attenpt has been nade to calculate density of birds
per km square, as was done by the USF&WS, Anchorage, because
the vessels could not be relied upon to maintain a uniform
speed fromwhich a fixed |length of distance travelled in a
standard time would allow the calculation of the area of
observation. Furthernmore, the distribution of shearwaters
Is so patchy that a figure for density of birds per square
km cal cul ated from sanple counts in a small area m srep-
resents the average density in alarge unit area, although
cal cul ations of this kind mght be useful when dealing wth
assenbl ages of bird species.

4_ Distance and Depth Analyses
The data have been analysed in two ways:
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(1). Distribution of birds in relation to the distance
of fshore (Figs 14-17). This does not discrimnate the
different habitats over the continental shelf, but does shed
informati on on the response of shearwaters to coastlines,
the Continental Shelf edge, seanounts, and possibly on their
movenents over the w ntering grounds.
(2) . Distribution of birds in relation to depth of the
water, as a neasure of habitat selection (Figs 18-20). One
of the best indicators of the degree of tidal and w nd
m xing over the continental shelf is the depth of the water
so, habitats are basically defined in terms of the isobaths
along the continental shelf.

Since the perineter of the Gulf of Alaska is noun-
tai nous, nost of the study area presents a very rugged
shel f, characterized by the presence of troughs, canyons and
sounds. Waters in these features can be quite deep and,
indeed,the 100 misobath (50 fathons), conmes in sone pl aces
very close to the shore line. However, the 200 m (100
fathons) isobath is net affected and is found about 60 nm
of fshore. The eastern shore of the Bering Sea, in contrast,
Is not as mountainous and the continental shelf offshore has
less relief, is shallower and has the shelf edge nuch
farther offshore.

5. Aqgregations

_ Shearwaters were seen in groupings of varying sizes:

(i) loose groups of 2-12 birds traveling together, (ii)
smal | flocks of up to a few hundred birds, (1ii) large
flocks of a few thousand, and (iv) very large grouping of
nmore than 10,000 birds, here referred to as aggregations.
These are thensel ves conposed of separated clusters of up to
a few hundred birds each.

The large a%gregations of shearwaters that were seen in

1975-1976 (10,000 birds or nore) are presented in Tables
1-2, Hghlights are discussed In the follow ng sections.

6. Sea-Surface Temperatures ) )
~ The sea surface tenperatures associated w th aggre-
gations are presented in Table 3.

7. [lsgosition of Contract Data

The data were coded, keypunched and transfered to
magnetic tape. This was sent to the Juneau Project Ofice
in April 1977, althou?h an anended tape was not submtted by
the Juneau Project office to the National Oceanographic Data
Center (NODC) i n Washi ngton, D.C, until 1978.

Also submitted in 1977 were 389 pages of
conputer-printed data that presented all of our observations
on all the species of seabirds seen during the study, by 1
degree N X 1 degree W latilongs on a nonth-by-nonth basis.
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TABIE 2 , AGGREGATI ONS oF SHEARWATERS OF MORE THAN 10,000 BIRDS SEEN IN 1976

PHYSI CAL  CONDI TI ONS
SST=sea surface tenp.

REGION AT=air tenp.
ANSA B=barometric pressure CENSUS DATA
L OCATI ON W=ulnd; direction (degrees) No, of birds,
LE. - distance strength Transect type(N ,8 or S), DESCRI PTIVE  REMARKS
MONTH from shore(est, ) S=wave height(feet)+ snd duration F=No, of flocks
DAY D-depth estimte swell height (feet)/ CA=census_area_( _kn°) FSR=flock size range
_TIME (f at hors) direction{degrees) MD=max, density(birds/im?) MPS=mean flock size
May KODI AK SHEI F SST 5. 3¢C 17,500 Species unidentified,
g8« Anatull Trough AT 5. 2% B - 30mn.
Shel f Edge
1130-1200 5833, | B 29.82 ,f ailing CA 10.5 kni
t‘l-9°00'w. W080° 24k MD 1,905
5 65 Nno. s 342150
1 59
May KCODI AK SHELF SST 5.49% 50,020 Both Sooty and Short-tailed Sheaxwaters,
Amatull Trough AT 4.0°C E -45 min.
Shel f Edge From 1925-1930 20,000 birds were distributed as f ol | ows;
1925-2010  58935°N,, B 29.63, falling CA 11.85 kni F20 ws 1000
1489554 . W 070°/33k MD 2,532 From 1940-2010 another 30, 020 were estimated.
DS 65 mm, S 4+3/140° Some flocks were conposed mainly of one species
D 59 and come flocks mainly of the other.
Nay NEGOA SST 5.8% 15, 000 Speci es unidentsf |ed. This flock of 15000 birds was
16 ?helf Edge AT 6. 1% E - 10 min. recorded during only a 10 minute period.
Bering
1300-1310  Glacier) B29. 9, falling ca?
59%49eN, | H 298 1k Mp ?
W2o52M S 2+3/ 1950
DS 22 nm

D 100-120
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Table 2 (continued):

Nay NE SST 5,8% 16, 500 Species unidentified.
19 Shel f AT 5.0% s -70 mi n.
( SE Hinchin- +E - 60 Oin. From 1045-1155 Shearwaters were passing at a rate of
1045-1300  brook Island ) B 29.7, falling 150-200/minute, for a total of about 13,500.
59950°N, | ¥ 100° 40k CA 2.26 wm? From 1200-1300 they were still passing at _a rate of
1455410, § 9+7/110°, then w0 5, 974 about 45 birds/minute for a total of abeut 3, 000.
DS 28 sm 12+6/1500
D &2
May KODIAK SHELF SST 5.0% 10, 600 Sooty Shearwaters
27 | nner Kennedy AT 4,8% N - 10 min. Feeding flocks of 5,000 + 5,300 + 300 were passed
Entrance. during only a 10 minute transect.
1350- 1400 s35%2*N. .. B 29.60, falling CA? F3 FSR 300-5, 300
4151°3a'w. W 290°/38k mp ?
15 4 nm S nya/oncd®
D 40-70 (?) 72/275
y KODI AK SHELF SST 6. 0°C 20,000 Species uni denti fi ed.
%1 I nner Kennedy AT 6. 0°C N - 10 nmn.
Entrance. Sone 20,000 shearwaters that were feeding at the
1000- 1010 s8%48'N, |, B29. 73,rlsing CA ? surface Were passed during only a 10 minute transect,
150°48°W, ¥ 285° Pk MD ?
0s 25 m, S 37 290°
D 70-100
June NWGOA SST 6. 1% 30,000 Mainly Sooty Shearwaters.
6 Chirikof/ AT 6. 0% E - 10 min. F20
Trinity Islands FSR 1000- 2000
1030080 56°02' N, B 30.22, rising CA 2.6 2
155°04' ., H 240° 12k MD 11,615
DS 18 nm. s 1+2/190°
D 20-40
June AIEUTIANS SST ual 4,000 Species unidentified. The concentration wes divided
8 South Uni mak AT &,5% E -10 min. into three aggregations of birds, separated frem each
Pass (Helicopter) other by ea, 1000m, , sc f ollowss
0720-0730 suo26%m, B 30.25 (i) 16,000 F 4 Fsr 2,000-5, 000 MFs 4, 000
164052, W 290°/lk CA 2 (ii) 10,000-15, 000
b5 2 rim(?) 5 1+1/270° p ? {1t1) 15, 000- 20, 000
b 25+ RReaction to the he] 1 copter, f lying at ca, 400m,, ¥as to

fly in different directions end to dive,
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Table 2 (continued) 1

June

0830-0900

June

15
1230- 1235

June
16

1140- 1420

June
17

2300-2310

Mainly Short-tailed Shearwaters but aoae f locks
mostly $oot y Shearwaters.
During the three 10 nminute Wersal Transects
conbi ned here, shearwaters were seen as followss
(1)4,700 within 10Dw + 2,500 at 800m. that wers
f eeding by dive-plunging.
(11)F 7, FSR 250-3000, NFS 1180.
(iin) F 3, Fsk 100-2000, MFS 1033.

Speci es untdentif |ed.

During this Snminute period a flock of about 10,000
was passed sitting on the water, feedingsad flying
in circles.

ALEUTIANS SST 5.6%* 18,550 *
NE Unimak AT 2, 5% N - 30 min,
Pass (3 x10mn. )
Oairy B 29.76
5 %&""uz'u . H 3500 Bkc* CA -
DS 5 nm, S 0+1/ buoo M -
D 30 (?) .From 0830 -0S40,
SST was 6,200, ¥ was 0520/10k
BERING SEA SST 4.4% 10, 000 .
Vst Amak AT 7.0% E-5mn.
I'sl and. " A 2.0 K
55015'N, B 29, .
163938, W 050° bk w 5, 000
DS 13 m, S 140 /-
D 25-30
BESI NG SEA SST 4,4% 50, 000 (ni ni mum
Al aska Peninsula * AT §,.8%-5, 5°C S -55 min, (in 3 periods)
55919N, .
163%01W, B 29,51, rising tO A 0.57 w? 1140- 1145
s 1 nm (exact) 29. 56 only)
D 10-15 ¥ 330° 15k ND 17, 544( max.)

( *Amak Island,then S 140-
Cape Glazenap -
opposite Amek Is. )

Speci es not identified,
(i) 1140-1145. A concentration of 10,000 only
3,000m fromthe shore of Amak Island(see
caand w), at 55°23'N.. 183010,
(i) 1220-1230, A flock ef 30-40,000 feeding in a
very big circle.
(111) 1330-1410. A concentration of 10,000 groupsd
inthree flocks. Feeding Yy plunging from ca,
50 cm stove the water.

when they start diving they concentrated in snmall areasin conpact groups. After f ceding amd flying in circles for

5-6 minutes, two flocks settled on the water. Later they flew &r circles, feeding, again. The third flock turned

SE and d 1sappeared .

(1v) 1410-1420. Flocks totalling about 5,000 birds appeared fromthe horizon and jolned the two circling, feeding

flocks. Finally all the birds flew HE

ALEUTIANS ssT 5. 6oC 55, 000

NE Uni mak AT 5,0°C E - 10 mn.

Pass.

oL, |, B 2%2 rising CA 7.8 kn®
164°56's4 v 22% ik W 6, 410

05 5 nm S 2+6/280°

D 30

Spectes not identified. Al birds sitting on the water.
F 21 (counted)

MFS ca. 1000
There was also a long file of about 25,000 birds that
was 50m wide and o, 000m. |ong.
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Table 2 (continued):

June NUGOA SST 7.8% ca, 30, 000 Species uni dent i fi ed.
19 Chirikef |sland ATT. 5% s - 10 min,
Shel f %dge
1035- 1045 55°59'N6 , B 29.83 CA 56.6 kni
1555 ¥ 35" /6k MD 533
S O m. s 0+2/ 2u0°
D 14
June NWGOA SST 5.6% 50,000 Aggregations Of several thousands of Short-tailed
19 Chirikof/ AT 10. 3°%—37.9% E- 30 nin. Sheaawaters apparently predoninated ,although smaller
Trinity Islands groups may have been Sooty Shearwaters,
1215 -1245 s6°01°H, | B 29%3%:-131::5 CA 2.6s ka’ (1) 1215-1230, 25,000 in three bigfleeks, and
155%00°'W . v 31 or MO 9,259 (max. ) f locks of 100-500, were feeding by plunging,
DS 20 mm, S 142/190° Wng Oolt was observed,
b 20-40 (i) 1230-1245, 20,000-30,000
FSR 100-1000, 2000 flew W.
Juma KODI AK SHELF SST 5. 6°C 50, 000 Mag;é wer e Sooty Shearwaters.
19 SE Kodiak AT 9. 5°C E- 10 min. F (sitting on vater)
Shel f FSR 1000- 2000
2225-2235 57°08* N, B 29,96, rising CA 6.3 Im? Birds flew of f ENE,
152°38W, W 090°/6k MD 7,937
DS 8 Nme S 1+2/220°
D approx, 35 (?)
July KODIAK SHELF SST 8. 3°C 17,000 Specles unidentified.
31 Kodi ak AT 10. 6°C E - 13 nin F 12
approx, 57°50 * N, FBR 350- 1, 500
1037- 1050 152°00'¥, B 30. 26 er ? MF5 1,500
DS 8 nm. W 1900 8k MD ?

D 20-30

s 0+2,180°
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TABLE 3 :

RANGES OF WATER TEMPERATURES AT SHEARWATER AGGREGATI ONS

SEA SUREACE
YEAR  DATE TEMP. (°c) SPECI ES LOCATI ON
A BERI NG SEA
1975 June 8 3.6° ST North Bristol Bay
1975 June 10 1.6° - 1.8° ST S and SWof Cape Newenham
1975 June 12 1.8° ST Quter Kuskokw m Bay
1976 June 15 5.6° ST/'S NE Uni mak Pass
1976 June 15 4.4° ? West Amek |sland
1976 June 16 4. 4° ? Al aska Peninsul a
1976 June 17 5.6° ? NE Uni nmek Pass
1975 July 24 6.7° ST North Uni mak | sl and
1975 July 24 6.7° ST North Uni mak Pass
1975  July 27 7.8° ST North Akutan Pass
1975 August 17 8.9° - 8.3° ST/S S Nunivak |sland
1975  August 18 10.0° ?ST/S E Pribilof Islands
B. NWEOA
1976 June 6 6.1° S Chirikof/ Trinity Islands
1976 June 8 4.4° ? Sout h Uni mak Pass
1976 June 19 7.8° - 5.6° ST Chirikof/Trinity | sl ands
1975 August 11 10. 0 ST/S  Shumagin | sl ands




Table 3 (continued): '

C, KODIAK SHELF (and |nshore Waters)

1976 May 8 5.3°-5.4° ST/S Amatuli Trough

1976 May 27 5.0° S Kennedy Entrance

1976 May 30 600° Kennedy Entrance

1976  June 19 5,6° ST/S  Kiliuda Trough

1976 July 31 8.3° ? Kodiak

1975 August 5 8,6° ST/S NE Kodi ak

1975  August 6 8.9° ST/S NE Kodi ak

D. NEGOA

1976 May 16 5,8° ? Bering d acier

1976 May 19 5,8° ? SE Hinchinbrook | sl and

ST = Short-tailed Shearwaters

s = Sooty Shearwaters



B. REG ONAL AND SEASONAL DI STRI BUTI ONS OF SHEARWATERS

The literature available on the distribution of Sooty
and Short-tailed Shearwaters in Al askan waters has been
summari zed by Guzman (1981).

The previous records of Short-tailed Shearwaters show
that they have been reported in really high nunbers only in
Uni mak Pass %ﬁ? tolmllion birds). In neither the Bering
Sea nor the f of Alaska have they been reported in really
| ar ge nunbers.

Sooty Shearwaters presented a different situation
They have been previously reported in the “mllions” in the
NEGOA, but only in very small numbers in the Aleutian
I slands and the Bering Sea.

It seens that, due to the difficulties in telling these
two species apart (which was explained in Section II.A.),
(butincorrect) idea that Short-tailed Shearwaters nove only
into the Bering Sea (see the enphasis in Gabrielson and
Li ncol n, 1959) and Sootg Shearwaters into the Gulf of
Al aska, observers have been inclined to ‘decide’ that the
birds seen in the “Bering Sea are Short-tailed and those seen
in the Gulf of Alaska are Sooty Shearwaters. There probably
IS a great deal of msidentification;, many Short-tailed
Shearwaters visiting the GQulf of Alaska may have been
identified as Sooty Shearwaters, and a reverse kind of
m sidentification of Sooty Shearwaters as Short-tailed may
also have taken place in the Bering Sea.

We will deal with the distribution of shearwaters (i)
region by region, and (ii) wthin each region month by
month. The text will be mainly concerned with all records
that are outstanding, either by being Fositive and sig-
nificant or by being negative and displaying the areas not
visited by shearwaters.

1. NORTHEASTERN GULF OF ALASKA (NEGOA) (Figures 3-4).
This region was visited only twice, first in May 1976
and a second time in July, 1976.

(1). My 1976.

In May 1976 the Northeastern Culf of Al aska (NEGOA)

(Fig. 3) was given extensive and fairly even observational
coverage. Unit efforts were well distributed and provi ded
good sanplings of the distribution of shearwaters in the
region during the early part of the residency of shearwaters
in the North Pacific.

Shearwaters were well distributed, and very abundant
over and along the edge of the Continental Shelf (Shelf
Break) of the NEGOA between |Icy Bay and 146 degrees Win My
1976. Mbdst could not be identified to species.

Shearwat ers were al so found over Cceanic Waters beyond the
Shel f Break Front on May 4 (see Section 1v.B). On My 12
al so, when on transit from Kodiak to lcy Bay, shearwaters
were seen in all record periods when over Cceanic Waters
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beyond the Shelf Break Front, although in | ow nunbers bel ow
100 birds per record period.

No shearwaters were seen inside Cook Inlet on May 6-7
and only two birds were seen there on May 25-26. No
shearwaters at all were seen inside Prince WIIliam Sound on
May 28-29.

Near the Barren Islands a flock of 6,500 shearwaters
was seen on May 8. On May 27 an aggregation of 10,600 and
on May 30 two aggregations of 5,000 and 20,000 birds were
seen In Inner Kennedy Entrance, near the Chugach Islands
between the Barren Islands and the Kenai Peninsula. Further
out, at the edge of Portlock Bank and Amatuli Trough, three
| ar ge a%gregat|ons were found on May 8: 17,500, 20,000 and
30, 000 birds containing both Sooty and Short-tailed
Shearwaters (Table 2). Each a%?r%?atLon was distributed
over 10-12 square Km so that the density was only about
2,000-2,500 birds/square Km.

West of Kayak |sland and sout heast of Hinchinbrook
| sl and, over 16,500 shearwaters were counted on May 19
flying ssw over the Continental Shelf between 0930-1600
hours (peak 1045-1300). The wind was fromthe ESE at 35-40
knots. The number of birds passing” the ship ranged from
2.5-400/minute, but at the peak passage it was
150-200/minute for a total of 13,500 in 70 m nutes.

East of Kayak Island, 15,000 shearwaters were seen on
May 16 at the Shelf Break Front off the Bering d acier and
south and sout heast of Kaﬁak | sland groups of 7,500 and
2,500 were also seen at the Shelf Break Front on the same
day. Of Icy Cape on May 15 another 8,000 birds were seen
in fog and rough seas.

Short-tailed Shearwaters were quite abundant at the
Shel f Break Front east of Kayak Island on May 16; the
identification of Short-tailed Shearwaters SE of Kayak I.
led to the conclusion that many of the unidentified
shearwaters there then were probably Short-tailed
Shearwaters. If this is correct it was an unantici pated
finding. Many Short-tailed Shearwaters may nove first of
all into the NEGOA right after arrival in early May from the
breeding grounds in Australia. They probably do this to
exploit the spring peak of zooplankton

Sooty Shearwaters seemed to be still nmoving into the
NEGOA from | ower |atitudes along the American and Canadi an
coastlines during My.

(2). July 1976

The second time that the NEGOA area was visited was in
July, 1976. Effort in the NEGOA in July 1976 was not high,
but covered a wide area including Cceanic Waters and the
Shel f Break. Observations over the continental shelf were
actually in a mnority.

Unli ke May, the number of shearwaters seen in July was
very low (Fig. 4) . Mst of the continental shelf in the
eastern NEGOA was devoid of shearwaters, but small parties
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of Sooty Shearwaters were present at the Shelf Break. The
maxi mum nunber recorded at any one tinme was only 350. They
were also seen over Cceanic Waters (see Section IV.B) of the
northern Gulf of Al aska (Fig. 4}

The Sooty shearwater was the only species identified.
Per haps Sooty Shearwaters were already moving out of this
sector of the continental shelf. The Short-tailed
Shearwat ers seen in May 1976 were not encountered again;
they had, no doubt, noved into the Bering Sea.

2. KODI AK | SLAND SHELF (Figures 5-8)

Most of the cruises to NEGOA, NWEOA and the Bering Sea
in 1975 and the 1976 started and/or finished at Kodi ak,
which resulted in many observations on shearwaters off
Kodi ak 1| sl and.

(1). My 1976

Cook 1nlet was practically devoid of shearwaters,
except for a few unidentified ones. Prince WIIliam Sound
was not visited by shearwaters at all during this nonth.
There was only one block with an average nunber of over
10, 000 shearwaters per 10 minutes. This was over Amatuli
Trough toward the edge of the Continental Shelf, and was due
to over 60,000 birds which were seen on May 8 (Table 2).
The Kodi ak Shel f offshore from Chiniak Bay was wel | surveyed
(Fig. 5), but the numbers of shearwaters seen were gen-
erally very low. However, large aggregations were
encount ered over Kennedy Entrance, Stevenson Trough and
al ong the edges of Amatuli Trough.

Sooty Shearwaters were nmainly restricted to Kennedy
Entrance. Short-tailed Shearwaters were abundant not only
at Kennedy Entrance but also at Amatuli Trough in snmaller
number s.

Four aggregations of 10,000 or nore birds each, were
seen on May 8 (two), 27 and 30 (Table 2). In one of them
(May 27) all the birds identified were Sooty Shearwaters.
On May 8, at the edge of amatuli Trough, an aggregation of
50, 000 shearwaters was encountered and in this case both
species of shearwaters were present. In the other two
aggregations the shearwaters were not identified to the
speci es |evel.

(2). June 1975-1976

In 1975, after a cruise in the Bering Sea, the vessel
crui sed from Uni nek Pass to Seward over Cceanic Waters
beyond the chirikof Island - Kodiak Island Shelf Break Front
on June 18. Very few shearwaters were seen (Fig.6), and
none were seen during nost record periods. The only
identified birds were Sooty Shearwaters.

In 1976, about 30,000 mainly Sooty Shearwaters were
seen east of Chirikof Island on June 6. On June 19, during
the return journey, three aggregations (totalling 80, 000
birds) were found north and northeast of Chirikof I|sl and,
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and these were predomnantly Short-tailed Shearwaters (Table
2; latilongs between 155-156 degrees in Figure 10). Another
50,000 Short-tailed Shearwaters (in 33 flocks) were seen

| ater on the sane day over Kiliuda Trough on the Kodi ak
Shelf (Table 2; Fig. 6).

(3). July 1975-1976 .

During July 1975, the Kodiak Shelf was crossed while
arriving from Seattle on July 15, and then when traveling
bet ween Uni mak Pass and Kodi ak on July 31 (Fig.7). A flock
of about 2,600 Sooty Shearwaters was recorded over Kiliuda
Trough and anot her of about 5000 birds over Chiniak Trough
on July 31. There were few Short-tailed Shearwaters.

In July 1976, the shelf off Chiniak Bay was crossed
during a voyage from Seattle to Kodiak and when sailing
towards and returning from NEGOA (Fig. 7). An aggregation
of 17,000 shearwaters was found off Long Island on July 31
(Table 2) when J.R.G. was ending a cruise in the NEGOA
t hough nostly unidentified, some were Sooty Shearwaters.

(4). August 1975

When R/'V SURVEYCR was docked in Kodi ak Harbor on August
5 and 6, 1975, J.R.G. went by launch to the south part of
Marnot Bay (just north of Long Island), and during both days
| arge aggregations of 50,000 and 40,000 birds resgect|yely
were seen (Table 1; Fig. 8). On August 5 the 50,000 birds
were mainly (909 identified as Sootg Shearwaters and the
followi ng day the 40,000 birds were Dbelieved to be 70%
Short-tailed Shearwaters. The difference between the two
days could be due to problens of identification, since only
a few birds were identified on each dag and the percentages
of each species were estimated on the basis of those _
identifications. The shearwaters on both days were in m xed
feeding flocks with 20,000 Bl ack-legged Kittiwakes (Rissa
tridactyla), feeding on small fish. On August 7, only 5,000
shearwaters were seen in Chiniak Bay fromthe RV SURVEYOR

On August 7-9, 1975, R/'V SURVEYOR cruised around
Afognak Island”and through shelikef Strait to the Trinity
Islands. About 3,000 shearwaters were seen in the Barren
| sl ands, butin shelikof Strait the |argest nunber seen
during a single record period was 225. In the Trinity
| slands the |argest nunber seen during a single record
period was 1900, and on August 10 no shearwaters were seen
near Chirikof Island. Only Sooty Shearwaters were
identified (Fig. 8). _

During August 1976, sailing out of (or into) Kodiak
Har bor took place during night tine, and no data were
obtained in that nmonth. A small boat was |aunched east of

Long Island, Chiniak Bay, on August 19, but only four
shearwaters were seen
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3. NORTHWESTERN GULF OF ALASKA (NWGOA) (Figures 9-13)
Unfortunately, there were no visits to this region in
the month of May.

(1). June 1975-1976

In June 1975, the NWGOA region between Unimak Pass and
the Trinity Islands was crossed only once and mainly during
the night. Some observations were nade south of Unimak Pass
on June 17 and beyond the 1,000 fathons isobath south of
Kodi ak |sland on June 18, but as was noted earlier recorded
only | ow nunbers of shearwaters (Fig. 9). No identifi-’
cations to species could be made.

In 1976, the NWEOA was crossed twi ce, on June 7 and 19,
but no shearwaters were seen along the Inside Passage
bet ween Cold Bay and the shumagin |slands (but see the
Kodi ak Island Shelf Section). On June 8, about 46, 000
shearwaters were seen from the ship's helicopter during a
30-minutes flight in the southern sector of Unimak Pass.
The birds were in three aggregations (16, 000; 10-15, 000;
15-20, 000 birds) separated from each other by about 1000m
(Table 2; Fig. 10).

(2). July 1975 .

In 1975, the NWEOA was crossed twce: (i) entirely
along the Shelf Break (100 fathom line) on the outward
journey to the Bering Sea on July 16, and (ii) on the return
trip, fromUnimak Pass to the shumagin |slands through the
I nner passage on JU|K 28-30, and then over the Kodiak Shelf
on July 31. Along the NWGOA Shelf Break west of 155 degrees
Wand in the inside passage behind the Shumagin |slands no
shearwaters were seen. Small flocks of Sooty Shearwaters
were seen over Davidson Bank (east of Unimak Pass) and Sanak
Bank (Fig. 11).

(3). August 1975-1976 . . .

In 1975, during a cruise from Kodiak to Uni mak Pass,
one aggregation of 16,000 shearwaters only 1.2 nauti cal
mles off the coast of the Shumagin |slands was seen on
August 11 (Table 1) of which some were identified as Sooty
Shearwat ers, but otherwi se only small flocks were sighted in
the NWGOA during the nmonth of August (Fig. 12).

In August 1976, en route to the Bering Sea, the vessel
foll owed the 100 fathonms isobath west from chirikof |sl|and
on August 1. There were fewer than 10 birds per sighting.
After leaving the Bering Sea, R'V SURVEYOR fol | owed al ong
the Shelf Break at about the 100 fathons isobath to Kodiak
I'sland.  Shearwaters nunbers were again |low.  Seven flocks
of 1,000 - 4,000 shearwaters énainly Short-tailed) were
found between the Sanak Islands and a point south of the
Shumagin | sl ands on August 18 (Fig. 13) . Besides them
only small flocks were recorded. Very few Sooty Shearwaters
were encountered except on Sanak Bank
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4. BERI NG SEA (Figures 9-13)
" There were no visits to the Bering Sea in the nonth of
y.

(). June 1975-1976

Durln? June 1975, the southeastern Bering Sea, right up
to the Shelf Break, was w dely covered. A few observations
were al so made, only on this cruise, over the deep Bering
Sea Basin beyond the 1,000 fathom contour.

Bet ween Adak and the Pribilof |slands, around the
Pribilof |slands, over Pribilof Canyon and on the outer
(western) portion of the shelf south of Nunivak Island, west
of 165 degrees Wand north of 57 degrees N, no shearwaters
were seen. Over St. George’s Basin on June 5, four
shearwaters were seen. On June 16, east of the Pribilof
| sl ands, no nore than 83 shearwaters were recorded during
any record period. Short-tailed Shearwaters were, however
present farther east in the Bering Sea. Four aggregations
that varied from 15000 - 70,000 birds (for a total of over
200,000) were located from June 8-12, all of them along the
north side of Bristol Bay: off Kuskokw m Bay, Cape Newenham
and in inner Bristol Bay (Table 1, Fig. 9). Flock sizes
ranged from 150 - 17,500 with a mean between 1000 - 1500
bi rds per flock (Table 1).

Al nost no Sooty Shearwaters were found during June
1975, except for a few birds in the Southern Bering Sea off
t he Al aska Peni nsul a.

During June 1976, the waters along the north side of
the Al aska Peninsula were surveyed from Uni mak Pass to Amak
Island, and the area near the Pribilof |slands was visited.
TInfortunately, Bristol Bay and Cape Newenham were not
visited in June 1976. The Pribilof Islands area was totally
| acking in shearwaters from June 9-13. Two birds were seen
over deep water 30nm N of Unalaska |Island on June 14.
Shearwat ers were abundant, however, from Uni mak Pass to Amak
I sland, and six aggregations that varied in size from 10, 000
to 55,000 shearwaters were seen on June 15-17 (Table 2, Fig.
10), for a total of about 135,000 birds. Flock sizes within
and conposi ng these ag?regations ranged from 100 - 250 birds
UP to feeding flocks of several thousands circling and
plunging together. Estimated maxi num densities ranged up to
17,500 birds/square Kmonly 2000 - 3000 neters fromthe
shore of Amak Island on June 16 (Table 2). In the
nort heastern sector of Unimak Pass there was a |ong line of
about 25,000 shearwaters sitting on an area of water 3,000 m
long and 50 mw de on June 17 (Table 2).

(2). July 1975

_ In July 1975, only Bering Sea waters along the north
sides of the outernost portion of the Al aska Peninsula and
eastern Al eutian |slands, and off Cape Newenham, were
visited. No observations were nade in the shelf edge area
near the Ppribilof Islands. Of Cape Newenham observations
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were carried out along the 10 fathonms isobath, and no
shearwaters were seen there. An aggregation of 42,000
shearwaters was found in urilia Bay (Unimak Island) , another
of 51,000 on the northern sector of Unimak Pass on July 24.
A third aggregation of 57,000 was seen in fog on July 27 in
the northern sector of Akutan Pass (Table 1, Fig. 15 :
Densities were the highest ever recorded by J.R.G., 37,000
birds/square Km at the nobst concentrated |ocations ?Table 1)
on these two days. The shearwaters were all identified as
Short-tailed Shearwaters, except for some Sooty Shearwaters
seen in Akutan Pass.

(3). August 1975-1976

There was a quick foray over the western sector of the
continental shelf of the Southeastern Bering Sea, from
Unalaska Island to the Pribilof Islands and Nunivak Island
from August 13-19, 1975.

The | argest concentration of shearwaters seen, during
the whole period of this study, was found on August 17,
1975, over the continental shelf between Nunivak Island and
the pribilof Islands. RV SURVEYCR was traveling south
from Nunivak |sland towards Dutch Harbor. It had travelled
NE fromthe Pribilof I|slands towards Nunivak Island on the
previous day, during which no nore than 200 birds were seen
during a single record period. On August 17, east of the
previous day's track, the vessel passed through a
‘super-aggregation™ for five and one-half hours between 59
degrees 03 mnutes N, 167 degrees 58 mnutes W and 58
degrees 39 mnutes N, 167 degrees 42 mnutes W Birds
extended to beyond the horizon. | ndi vi dual flocks varied
greatly in size, from 100 - 6,000 birds and in their
di stances apart from each other. This concentration
contained 6-10 million shearwaters over a 30 nm di stance and
both species under study were present [Table 1; Fig. 12) .
Short-tailed Shearwaters predom nated, and probably made up
70-80% of the total seen. There were however, estimted to
be well over 100,000 Sooty Shearwaters in this concen-
tration. Although the total nunber was quite exceptional
the estimated area covered was IarPe (1150 square Km and
the estimated maxi rumdensity was |ess than half of that
recorded in Urilia Bay or North Akutan Pass (over a smaller
area) in July.

A second aggregation of 68,000 birds, also believed to
consi st of both species, was found due south of the first
one, east of the Pribilof |slands, on August 18 (Table 1,
Fig. 12) . Unfortunately, Bristol Bay was not visited in
August in either 1975 or 1976

During August 1976, all the observations were nade
while in transit to Norton Sound and back to Kodiak. Just
north of Unimak Pass, 5,000 birds crossed the bow on August
2, but otherwise the largest number seen during a single
record period on the voyage to None was only 100 birds. The
only bird seen in Norton Sound from August 5-15, 1976 was
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one Short-tailed Shearwater. The same western shelf region
between 165 - 170 degrees Wand 55 - 60 degrees N, as in
August 1975, was crossed briefly. A though shearwaters were
seen during alnpst every transect record, their numbers were
| ow in August 1976 (Fig. 13) and flocks ranged from 130 -
2000 %nean: 564 Dbirds).

he sane general area where the 1975 aggregation of
mllions was seen was traversed exactly a year later on the
ni ght of August 16/17, but this tine only a very few birds
were seen. Actually, it would be fairly easy to mss them
if they are congregated in a relatively small area; a vesse
mght pass only a few mles away from them and see nothing
They may congre?ate in the sane general region year after
year, but in different patches depending on where food is
avail able. #ood distribution could easily change in space
and/or tine from one year to the next one, depending on the
predonm nant oceanographi cal and neteorol ogi cal conditions.
The point is that 1n 1976 the chances of seeing them again
were probably no higher than they were of mssing them

North of Nunivak Island only a very few birds were seen
(no nore than 10, with only one bird seen in Norton Sound).
Only a very few Sooty Shearwaters were identified in the
Bering Sea.

5. SUMMARY OF FI GURES 3-13

Wherever a latilong contains no cluster of symbols, no
observational effort at all was nade there. Further, where
an open circle occurs at the top of a cluster of synbols,
only a single 10-m nute record period of observation was.
made in that latilong.

There are relatively few latilongs on the maps in which
bl ack squares or triangles (average of over 1000 birds/10
mnute record period) occur at the bottom of a cluster of
synbol s (representing all shearwaters counted). Generally,

en these occur, they are the result of one-tine aggre-
gations having been seen there. Although coverage was quite
extensive in other latilongs, nore often the average nunber
of shearwaters seen in 10 mnutes was fewer than 10 or |ess
than 100 birds, i.e. shearwaters are usually not seen in
nmore than very small nunbers at sea off Alaska, despite
their aggregate preponderance over other Al askan seabirds
dur|n% the summer nonths. In many latilongs the average was
recorded as zero, perhaps through [ack of enough repeated
efforts (as in the case of open circles for both top and
bottom symbols in a series).

The pl aces where shearwaters have been seen in |arge
nunbers, and nmonths in which they were there seen, can be
summari zed from our previous reports, as follows:

(1) NEGOA Of Icy Cape and s and May (1 year)
S of Kayak Island.

(2) Kodiak I. O f Chugach Island May (1 year)
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Shel f

(3) Kodiak I. I nner Kennedy Entrance May (1 year)
Shel f and Amatuli Trough
(4) Kodiak 1. Kiliuda Trough June (2 years)
Shel f and August (1 year)
(5) Kodiak I. Mar not Bay, Kodi ak July (2 years)
Shel f | sl and and August (1 year)
(6) NWCOA Chirikof | sl and June (1 year)
(7) NWGOA Sem di |slands August (1 year)
(8) Aleutian Uni mak Pass June El year
| sl ands and July (1 year
and August (1 year)
(9) Aleutian Is. Akutan Pass Jul'y (1 year)
(10) Bering Sea N Bristol Bay- June (1 year)
(11) Bering Sea Amek Island June (2 years)
12) Bering Sea SWof Cape Newenham June (1 year)
13) Bering Sea S. of Wunivak I|sland August (1 year)

Unfortunately, in only three locations (Mrnot Bay,
Kiliuda Trough and Amek |sland) were |arge nunbers of
shearwaters seen in the same nonth in both years of this
study. This was because of the “ship-of-convenience” |o-
gistics available to us. However, we believe that
shearwat ers probably occur in several wdely separated
| ocations (e.g. Unimak Pass in the Aleutian Islands and off
Kodiak Island) in large nunbers fairly regularly. During an
i ndependent study in 1977-1978 (Guzman 198%&, of f Kodi ak
| sl and, shearwaters were found in |arge nunbers over
Stevenson Entrance and chiniak Trough and off the Barren
I slands and Ugak Island, in addition to Marnot Bay and
Kiliuda Trough.

The NEGOA is Sgparently not a favored | ocation for
shearwaters after y and/or June. Dated aggregations have
been reported only occasionally (Isleib and Kessel 1973).

There are severaI_PIaces (I nner Kennedy Entrance and
Amatuli Trough) south of the Kenai Peninsula (NE of Afognak
I sl and) where aggregations of shearwaters can be found
fairly regularly at least in May, and off the NE, SE and SW
coasts of Kodiak Island where aggregations can be found from
June- August (Marnmot and Chiniak Bays, Kiliuda Trough and N
and NE of cChirikof Island). But west of cChirikof [Island
shearwaters are scarce along the south side of the Al aska
Peninsula until Unimak Pass is reached. Unimak Pass exceeds
t he Kodiak Shelf area as a place for shearwaters to
congregate from June-August (and perhaps in My, though we
have no data for that nonth).

Qur sanpling of the huge and w de expanse of the
Continental Shelf in the Southeastern Bering Sea was in-
adequate to establish |locations in which shearwaters reg-
ularly aggregate, apart from near Amak |sland where birds
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were found in June of both 1975 and 1976. North Bristo
Bay, which produced aggregati ons in June 1975, was not
revisited in June 1976, and although the area south of
Nuni vak |sland, that produced a “super-aggregation” on
August 17, 1975, was revisited on the anniversary date in
1976, such agPregations could have been mssed if they had
been a few mles farther east or west of the transit line

O ten when the bottom synbol of a cluster is a
bl ackened circle (100-1000 birds/10 mn.) the latilong in
which this occurs is often next to one with an aggregation.
It is ironic that this is a fairly wdespread rate or bird
observation, but that equally (if not nore) common are the
open circles and squares indicating less than 10 birds/10
mnutes, i.e. very sparse shearwaters. _

Anal ysis of the synbols by region in Figures 3-13 shows
that, conmbining all nonths for each region and excl udi ng
all occasions when there is only one record period in any
latilong in any nonth, the nean nunber of birds is less than
10 birds/ 10 mnutes inthe foll owi ng proportions and per-
centages of latilongs by region:

NEGOA 16/26 (61.5%)
Kodi ak Shel f 14/34 (41%)
NVWGOA 13/ 22 (59%

Bering Sea 19/ 47 (40%)

These rise to the follow ng proportions when the nean
nunmber of birds is not nore than 100 birds/ 10 m nutes:

NEGOA 19/26 (73%
Kodi ak Shel f 22/34  (64.79
NWGOA 17/ 22 5 7.39

Bering Sea  31/47 (65.99
Finally, a mean of over 1000 birds/10 m nutes occurs in
only the follow ng proportions of the latilongs:
NEGOA 3/26 (11.59
Kodi ak Shel f 4/34 (11.79
NWGOA 3/22 (13.69

Uni mak Pass 4/4 (1 00%
Bering Sea 12/ 47 (259

c. DI STRI BUTI ON OF SHEARWATERS | N RELATI ON TO DI STANCE FROM
THE COAST AND WATER DEPTH

1. Distance from the coast

In the analysis of shearwater observations in terns of
their distance fromthe shore the Kodi ak Island Shelf area
is conbined with the NWBOA. The vast ngjority of
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shearwaters counted were not identified, hence Figures 14 -
17 are headed “unidentified shearwaters”

What Figure 14 shows is that, despite the huge nunbers
of shearwaters present in Al askan waters each summer, the
frequency with which shearwaters are seen during a 10-mnute
watch at sea is very low from al nost never within 8 mles
of the coast (except in NWGOA) to only 30-65 percent of
occasi ons at various di stances over the continental shelf.

Fl ocks of over 100 birds are sel dom seen during moret han
one count in every four (25%. So, shearwaters are by no
means ubi quitous, and to many observers m ght appear to be
quite scarce on many days.

In Figures 15 - 17, the total nunbers of unidentified
shearwaters (fromall groups of over 100 birds) and the nean
nunbers of all birds seen per record (including negative
periods) are plotted. Each one of these records has been
identified wwth the 1 degree x 1 degree Latilong in which it
took place. The distance of each latilong from | and has
been taken as the nmean of the maxi mum and m ni num di st ances
fromland of the farthest and nearest points within the
latilong.

The D stance Zones (0-8, 8-16, 16-32, 32-64, 64-128
nautical mles, etc.) have been given decreasing relative
space as distance fromland increases because tha purpose
was to determ ne whether the birds were attracted to, or
avoi ded, the coast. so the separation of the waters in the
first 8 16 or 32 nautical mles fromland is exaggerat ed.

The nmean distance to the edge of the Continental Shelf
Is indicated, as well as the distances of seanobunts in the
Central Qulf of Alaska, which had the effect of attracting
shearwaters at distances fromland beyond the Continental
Shel f at which the birds would not usually otherw se be
found (Fig. 15).

Two nont hs of observations in 1976 (May and July) were
mai nly devoted to NEGOA, and some data was col |l ected during
kh&eﬁ(transits across the Gulf of Alaska from Seattle to

odi ak.

The distribution of total nunbers of all shearwaters
seen in relation to distance fromland in NEGOA (east of,
and not including, Kodiak Island) shows a peak in the nunber
of shearwaters seen between 32 and 128 nm of f shore, spanning
the mean distance to the Shelf Edge (57 nm) (Fig. 15). The
mean nunber of birds per record (Fig. 15) shows | ow nunbers
in waters close to shore, then no great variation from8 nm
to 128 nm Since this kind of analysis does not dis-
crimnate for habitat selection in relation to depth, the
zone from8 to 128 nm is a mxture of Ofshore Waters with
some Inshore and Cceanic Waters, which when anal yzed to-
get her would not show too much change. At about 128 nm
there is a dropping in the nunber of birds because of
Cceanic Waters. Neverthel ess, nunbers do not drop off
conPIeter “because of the presence of shearwaters over the
@Qult of Alaska seamounts. In the NEGOA in 1976 nost
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shearwaters were not identified. Sonme Sooty Shearwaters
were identified in the first 8 nmfromthe coast |ine

(Fig. 15). Sone Short-tailed Shearwaters were identified
around the 16 nminterval fromshore (Fig. 15), which is due
to the aggregation of that species seen in My 1976, east of
Kayak |sland at the Shelf Break Front (Fig. 3).

The distribution of total nunbers of all shearwaters
seen in relation to distance fromland in NWGOA (i ncl uding
the Kodiak Island Shelf (Fig. 16) shows that shearwaters are
mostly found over the rather narrow continental shelf along
the south side of the Al aska Peninsula, and that beyond the
NWGOA Shel f Ed?e (at a nean distance of 78.5 nm the nunbers
decrease sharply. This allows one to conpare shelf and
oceani c waters.

In Figure 17 which was drawn soon after the field work,
nmost of the birds were considered as unidentified, and only
those positively identified in the field as Short-tailed
Shearwaters were treated separately.

Ei ght aggregations of shearwaters were encountered
fairly close to the coastline between Akutan Pass and Anak
sl and (including Unimak Pass), in 1975 and 1976 (Tables 1
and 2), and these explain the peaks at 8-32 nmin Fig. 17.
This area seens to be one of the nost heavily visited by
shearwaters in Al askan waters during the northern sunmer.

The analysis of observations in terms of their distance
from shore was conplicated by the great width of the
Continental Shelf in the Southeastern Bering Sea. The nean
di stance of the Shelf Edge is 238 nm 3-5tines greater than
in the Gulf of Al aska. hearwaters are rare that far out,
however. The peak distance for shearwaters was only 16-32
nm ifltg%jAugust 1975 aggregation of mllions at 64-128 nm
i s excluded.

2. \\ater Depth.

The objective of the depth analysis is (i) to determne
t he zonal preferences of each species under study, and (ii)
at the same tinme to find out what habitats they prefer as a
group, considering that both species together constitute
more than 80% of the seabird population in Al askan waters
during the sunmer nonths.

In Figures 18 - 20 the distribution of shearwaters each
nont h has been analysed according to the depth of the water,
in order to determne their zonal preference. Zones B,C,D,
and E were described in Figure 2. As shearwaters did not
visit the Nearshore Zone, the analysis has been done for the
| nshore (Zone B), O fshore (Zones C and D) and Cceanic (Zone
E) Zones. Zone Cis the Mddle Shelf Zone, and Zone D is
the Quter Shelf Zone.

Zone B goes up to 50 nmetres (25 fathoms) of depth, Zone
Cfrom51 to 100 nmetres of depth, Zone D from 101 to 200
netres of depth and Zone E covers all waters over 200 netres
of depth. The nmean depth of each latilong “bl ock” was used.

Figures 18 - 20 have been divided into three sections
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as follows:
A Sooty Shearwater
B. Short-tail ed Shearwater
c. Al shearwaters, which includes Sooty, Short-tailed
and also unidentified Shearwaters.

érl])llFlortheastern Gulf of Al aska (NEGOA) and Kodiak Island
e

For the purpose of relating shearwater observations to
wat er deﬁth in NEGOA, sone data coll ected on_the Kodi ak
| sl and Shelf in 1978, as part of an independent project,
have been combined with the NEGOA data from 1976.

An anal ysis of the nunbers of shearwaters per
unit-effort 1n relation to depth, for all shearwaters in the
NEGOA and off Kodiak |sland taken together, is presented in
Figure 18c. The occurrence of shearwaters in the Quter
Shel f Zone may depend on the influence of oceanic waters
from the Alaska Current, bringing nutrients to the surface
along the shelf break and at the edges of troughs.

Dunn et al. (1979) studied the food web and seasonal
conposi tion of marine organi sns over the Kodiak Shelf. They
found that the euphausiid crustaceans Thysanoessa inermis
and Th. spinifera occurred at nore stations in spring than
fall, but the density per catch was about the same. Both
sgecies were particularly abundant near the edge of the
shel f over Kiliuda Trough. Euphausia pacifica was found in
| ow densities in the spring along the Shelf Break Front,but
was very abundant over the shelf during the fall (mainly on
Northern Al batross Bank and over Stevenson Trough). Fi-
nal Iy, Thysanoessa longipes was found to be nore abundant
during the TalT and in waters deeper than 100 fathons.

Sooty Shearwaters seened to prefer the Mddle Shelf
Zone waters (C) in My, but to extend their range to the
Quter Shelf Zone (D) In June.

In contrast, the Short-tailed Shearwater was npst
abundant in the Quter Shelf Zone (D) in My 1976. It is
evident that |arge aggregations were associated with the
edges of troughs. In My 1976, Short-tailed Shearwaters
were found al nost exclusively associ ated with the Shelf
Break Front east of Kayak Island (Fig. 3). This con-
centration must be associated Wit h sources of food,
avail able to them as a consequence of a high spring
ﬁroductivi ty (Fucik,1980). he causes responsible for a
igh productivity here could be either (i) the start of a
weak sunmmer upwelling, stirring of nutrients by changes in
the |ongshore currents, and inshore novenent of deep waters
along the troughs, or (ii) fresh water runoff from nearby
glaciers. A change of direction of the Al aska Stream caused
by the geographical presence of Kayak I|sland al so produces
eddi es and possible stirring of bottom waters along the
Shel f Break.

There are no June data from NEGOA proper. 1In July 1976
the NEGOA region east of Kodiak was al nost devoid of
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Z ONES
Monthly distribution of shearwaters in the NEGOA and Kodiak Shelf in relation to '

Figure 18.

during May-July 1976 (ad al so 1978). All shearwaters (C) includes

uni dentified shearwaters.
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August 1975-1976,

Figure 19.Mnthly distribution of shearwaters in the NWGOA, in relation
to Depth Zones during June
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Figure 20. Monthly distribution of shearwaters in the Bering Sea, in

during June-August 1975-1976

relation to Depth Zones,



Short-tailed Shearwaters. It is possible that after the
sEring bl oom of plankton in NEGOA both species of
shearwaters nove to nore productive waters off Kodiak Island
and in NWGOA, during the nmid- and late summer. Damkaer (in
Fucik,1980) stated that the zoopl ankton in NEGOA appear to
reach maxi num nunbers from | ate My throu%n m d- June. ,

In contrast, Dunn et al. (1979) and nn et at. (in
Strauch et al., 1980) found that zoopl ankton were nore
abundant on the Kodiak shelf during the fall than during the
spring.

(2) Northwestern Qul f of Al aska

The Northwestern Gulf of Alaska, west of Kodiak Island,
was visited only while in transit between Kodiak |sland and
-the Bering Sea. The analysis of all shearwaters together,.
whet her identified or not (Fig. 19), shows that there was a
consi derabl e nunmber of birds in the Mddle Shelf Zone (C),
because of several aggregations west of the Trinity Islands
in June 1976 (Fi%. 10). They were al so seen over Cceanic
waters (E) just beyond the Shelf Break Front, during August
1976 (Fig. 13) east of Unimak Pass.

It seems that the habitat selection of shearwaters in
NWGOA follows a very simlar pattern to that observed in
NEGOA, with big aggregations at the 50 fathonms or 100
fathonms isobaths, mainly related to troughs or canyons
across the shelf.

Shearwat ers were found over inshore waters during
August 1975 (Fig. 19A) because of their occurrence in the
Shumagi n Islands on August 11, 1975.

Short-tailed Shearwater nunbers were |ower than those
of Sooty Shearwaters in NWGOA.

(3) Southeastern Bering Sea

The only nonth that the Sout heastern Bering Sea was
wel | covered by surveys was June, 1975 (Fig. 9) .

For the calculations in Figure 20, we have assumed t hat
six mllion shearwaters were seen on August 17, 1975, of
whi ch 80% were Short-tailed Shearwaters (4.8 mllion) and
20% were Sooty Shearwaters (1.2 mllion).

Because nost of the shearwaters seen in the Bering Sea
were Short-tailed Shearwaters, the three nonth depth
di stribution patterns shown are basically simlar in Figures
20C and 20B.

In general, Short-tailed Shearwaters prefer Mddle
Shel f waters (Zone C) in the southeastern Berin? Sea, but
they are also found in considerable nunbers in Inshore and
Shelf Break Front waters. Their nunbers are definitely
| ower over the Quter Shelf Zone than in any other Bering Sea
zone,

This habitat selection by shearwaters seens to be very
simlar to that of the distribution of phytoplankton in the
sout heastern Bering Sea (Sancetta,1981). PROBES workers
have shown that in the Middle Shelf Zone “the thermocline is
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occasionally disturbed by wind and tidal vertical mxing in
spring”, which “results in higher nutrient concentrations,

| eading to a spring bl oom of phytoplankton" (Sancetta,
1981), and that the concentration of chlorophyll persists
below the surface until fall. This probably results in
spring and summer concentrations of zooplankton in the

M ddl e Shelf Zone.

Cceani c Waters just beyond the Shelf Break Front west
of Unimak Pass seem to be frequently visited by shearwaters.
In contrast, Cceanic waters and the Shelf Break near the
Pribilof Islands were practically devoid of shearwaters.
West of Uni mak Pass, high productivity may well be caused by
nutrients brought up to the euphotic zone by turbul ence
produced by the inpact of the Bering Current System agai nst
the steep Shelf Break, and/or the input of water fromthe
Alaska Streamin the North Pacific through the Al eutian
| sl ands passes.

In the Quter sShelf.zone of the Bering Sea, shearwaters
were never found to be veryabundant, in contrast to the
situation observed in the Qulf of Al aska where the Con-
tinental Shelf is so much narrower. This suggests that the
coastline of the Bering Sea does have sonme ungefined genera
i nfluence on shearwater distributions.

The Cceanic Waters of the Bering Sea were surveyed
beyond the Shelf Break only briefly. The Short-tailed
Shearwat ers shown over Cceanic Waters in Figure 20B are
mainly shearwaters Seen near the Shelf Break Front just west
of Unimak Pass.

D. SEA- SURFACE TEMPERATURES AT SHEARWATER AGGREGATI ONS

1. Regorts in the Literature

here are fem1previousIK publ i shed neasurenents of the
sea surface tenperatures with which Sooty and Short-tailed
Shearwat ers have been precisely associated in the Northern
Hem sphere. However, water tenperatures for the same nonth
may vary greatly fromyear to year in the eastern Bering Sea
(Straty and Haight 1979) which is a shearwater w ntering
area so, unless high latitude shearwaters wander widely
seeking a specific narrow range of temperature,it Seens
Brobable that they are adapted to living off waters that may
e quite variable in their tenperature range.

In the North Pacific the Short-tailed Shearwater goes
farther north than the Sooty Shearwater, in both the Sea of
Gkhot sk and the Bering and Chukchi Seas. RKuroda $1957) saw
Short-tailed Shearwaters in pack ice in the Sea of Ckhotsk
in late April 1950.

Tanaka and Kajihara (1979) described the presence of
Short-tailed Shearwaters, from 10-25 July 1977, off the Sea
of Okhotsk coast of Hokkaido in what they described as a
‘col d upwelling zone”, but the water tenperatures ranged
from9.5-17.5 de%rees C, and the largest flocks of these
bi rds (5, 000-20,000) occurred at 11.0-12.0 degrees C., which
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m ght not be considered “cold” in Al askan waters. The
Continental Shelf there was narrow and the shearwaters were
mainly close to, or outside, the 100 m (50 fathon) isobath
in what we have called the Quter Shelf Zone. As will be
seen shortly, these temperatures are warner than any which we
recorded as associated with |arge aggregations of
Short-tailed Shearwaters in Al aska.

For Sooty Shearwaters there are a few previously
publ i shed tenperature records. Kuroda (19S7) stated that
Sooty Shearwaters “remain off Japan over the warm current
sea surface (Kuroda 1956)”. Of Northern Honshu, Japan, on
4 June and 14 July, 1954, Kuroda (1955) saw Sooty
Shearwaters when the water was at 12.0 and 12.5 degrees C,
respectively, and at various distances off Kushiro,
Hokkaido, from 10-13 July, 1954, he saw a few birds only in
waters ranging from 8.2-12.0 degrees C. In the Aleutian
Islands, Sooty Shearwaters were reported on July 12 and
August 6, 1966, in waters that were at 8.2 and 9.8 degrees
C, respectively (Mscellaneous Reports of the Yamashi na
Institute of Qnithology and Zoology, 1967). The reported
range for wintering Sooty Shearwaters has, therefore,
spanned 8.2-12.5 degrees C. in the literature and, as w |
be seen bel ow, the upper end of this range matches what we
found. We recorded aggregati ons of Sooty Shearwaters at
lower tenperatures than 8.2 degrees C, but no Short-tailed
Shearwat er aggregati ons above 10.0 degrees C.

We know of no water tenperature neasurenents having
been nade from southern Japan or from Washington, Oregon or
California, but these are not strictly wintering areas.

2. Alaska 1975-1976

From Tables 1 and 2, we have extracted the sea surface
t enper atures, when known, that were recorded at aggregations
of 10,000 or nore shearwaters during the field seasons
1975- 1976, and these are listed in Table 3.

The ranﬁes of tenperature at which aggregations were
seen for each of the mgjor regions are:

NEGOA 5.0 - 6.0 degrees C (May 1976)

Kodi ak |sland 5.6 degrees C (June 1976; xiliuda Trough)
8.3 degrees C (July 1976)

NWGOA 5.6 - 7.8 de%rees C (June 1976)
4.4 degrees (June 1976; S Unimak Pass)
10.0 degrees C (August 1975)

Bering Sea 4.4 - 5.6 degrees C (June 1976; NE Uni mak
Pass to Al aska Peninsul a)
1.6 - 3.6 degrees C (June 1975; Bristo
Bay to Kuskokw m Bay)
6.7 - 7.8 degrees C (July 1975; North
Uni mk and Akutan Passes)
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8.3 - 10.0 degrees C (August 1975;
Pribilof |slands to Nunivak |sland)

What this shows is that:

(1) We recorded aggregations in waters rangiag from 1.6
- 10.0 degrees C, in Alaska a fairly w de range, i ch
suggest s

(2) that the birds were not always voluntaril
selecting these tenperature but had to pass through these
tenperature zones at one time or another (e.g., even in the
huge ag%ggg?tion of mllions in the Bering Sea on August

17- 18, and
(3) favoured feeding locations, such as off Kodiak
| sl and, experienced tenperature variations: (i) from year

to year, or (ii) in very different places (10.0 degrees C
off the Shumagin |slands in August 1975 but 4.4 degrees Cin
Uni mak Pass in June 1976 and 1.6 degrees C near Cape
Newenham in June 1975).

These findings are rather unexpected, but fairl
convincing. W had assuned that the optinmal range o
temperature for wintering shearwaters mght be fairly narrow
(perhaps as little as 3-4 degrees at nost), but it appears
that the sea surface tenperature, as such, at which
W ntering shearwaters may commonly be found can vary over at
| east 8 degrees C (e.g. 2.0 C - 10.0 degrees C.

One is inclined, therefore, to conclude that various
types of high secondary or tertiary food production
(zoopl ankton and fish) can occur over a w de range of
tenperatures in the conpl ex oceanographic conditions on
either side of the Aleutian Islands Archipelago and Al aska
Peni nsul a regions.

The actual partitioning of the marine environnent by
the two species of shearwaters is probably less related to
water tenperature than to a conplex of environmental choices”
aﬁsociated with differences in food preferences between
t hem

E. SHEARWATER DENSI TI ES | N AGGREGATI ONS.

For aggregations of shearwaters that achieved an
observed accunul ated total of over 10,000 birds (those
listed in Tables 1 and 2), there appear to be four broadly
different levels of shearwater density, as follows:

Max Density  Census Area Total No.of Birds

(birds/km2) (km2)
(L. D.
spread out 421-1, 701 28.7-121.0 (15,000-110, 000)
(2) 1.D.-
nore con-

centrated 1,905-15,432 1.95-12.96 (10, 000-55,000)
(3) 1.D-
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spread out 5,210-8,680 1152.0 (6-10 million)

(4) V.H.D.-
very con-
centrated 17,544-37,168 0.57-1.54 ( 10,00 0.57,000)

[L.D. = Low density
|.D. = Internediate density
v.H.D. = Very high density]

The recorded maxi num density of birds, in aggregations
of over 10,000 altogether, can thus, for exanple, range from
(1) as few as 421 birds/km2 for 15,000 birds spread over
35.7 kn2, through _

(2) an overall 5,210 - 8,680 birds/km2 for the 6-10 mllion
birds spread over 25-30 linear nautical mles on August 17,
1975, in the Bering Sea, to

(3) an absol ute naxi mum of 37,013 birds/km2 for a flock of
57.,000 birds-in fog during a 5-mnute observation of a dense
concentration covering only 1.54 kn2 of the north side of
Akutan Pass on July 27, 1975, or

(4) 37,168 birds/km2 for 42,000 birds counted noving
westward in a restricted location, 1.13 kn2 of vurilia Bay,
on the north side of Uninmak Island, during a 75-mnute
period on July 24, 1975.

It is evident fromthe tabul ated summary (above) that |arge
total nunmbers, for exanple 10,000 - 110,000 birds, can be
found Both (1) in verK concentrated aggregations within very
smal | areas of less than 2 knR2 each, and (2) at very nuch
| oner densities spread over areas ranging up to 120 knR.

The nost exceptionally |large aggregation of all in terns of
absol ute nunbers of birds, recorded on August 17, 1975 in
the Bering Sea, was dispersed over so large an area as not
to have a particularly high density per unit area, although
the total area was over 1000 kn?.

The highest densities per unit area were recorded
either (1) in a very smalT and |ocalized patch, e.g. ina
favorable feeding site in a pass in the Aleutian Islands
chain, or (2) when flocks are on the nove from one | ocation
to another past a particular point, resultin% in a nuch
| arger total count per unit time than when the birds are
settled on the water. In fact the highest counts of
shearwaters that occur anywhere are probably those nade
during the pre-breeding mgration of Short-tailed
Shearwat ers sout hwards along the coast of New South Wales in
Septenber (Australian Seabird G oup Newsletters; Guzman
1981),.

It is evident from Tables 1 and 2 that nost usual
“maxi mum density” figures recorded were |ess than 10,000
birds/km2, spread over a census area of no nore than 2 - 12
square kilometers. Thus 55,000 birds spread over 7.8 knR
had a maxi num density of 6,410 birds/km2, and 50, 000 birds
spread over 11.85 kn2 had a maxi num density of 2,532
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birds/km2, neither of which are high figures. There were
only three occasions when the estinmated total aggregation
si ze exceeded 55,000 birds.

F. FLOCK SIZES | N AGGREGATI ONS

Each aggregation is conposed of nore or |ess separate
flocks, which have been brought together in one place as an
aﬂgregation. From Tables 1 and 2 It is possible to exanm ne
the size ((and size ranges) of the flocks that constitute
t hese aggregations.

In the 6.10 mllion bird aggregation on August 17,
1975, flock sizes varied greatly, from 100 - 6,000 birds,
and there was great variation also in the distance between
each flock and the next one.

For aggregations of altogether 15,000 - 20,000 birds,

t he nunber of flocks ranged from4 - 21 per aggregation, and
for aggregations of altogether 30,000 - 70,000 birds the
nunber of flocks ranged from 3 - 47 per aggregation

Regardl ess of the total nunmber of birds in aggregations,

fl ock sizes ranges from 100-5,000 bi rds, and nean flock
sizes in aggregations were nost commonly 1,000 - 1,500

birds. There was no apparent difference in either char-
acteristic between smaller and |arger aggregations.

An ag?regat|on of shearwaters therefore apprears to be
conposed of fairly discrete groupings of several hundreds,
or a few thousands, of birds. This is apparent not only in
aggregations resting on the water on feed|nP but also in
mgrating birds or aggregations making single unidirectiona
shifts of location.

G REPRCDUCTI VE CONDI Tl ON

In shearwaters mature fenales |ay only one egg every
breedi ng season, and for this reason only the |argest
ovarian follicle has been recorded. The nean sizes of the
| argest ovarian follicle and largest testis for al
speci nens each nonth are shown in Figure 21. |In general,
the gonads are larger in the Sooty Shearwater (Fig. 21),
which is the bigger species.

Short-tailed Shearwater males showed a slight increase
in the size of the testes fromJune to August (Fig. 21)+
Femal es showed a constant size of the |argest ovarian
follicle from June to August. In both sexes, the sizes
decreased in Septenber in the sanples (Fig. 21), and this is
interpreted as being due to mature birds having left on the
return mgration, so that the sanple largely consists of
subadults in Septenber

For Sooty Shearwaters gonad size seens to be biased by
the small sanple size (n=67). There was adecrease in size
of both |argest testis and Iargest ovarian follicle from M
to June (Fig. 21), which could be attributed to the arriva
of juvenile birds. The size increased fromJune to July and
t hen decreased in August for both sexes, but the drastic
drop in the female is due to a small sanple size of one bird
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only in that nonth.

Brood patches were found in only two fenales and a
single male, all of them Sooty Shearwaters collected in
August and Septenber. Their gonads were devel oped and nolt
was al ready conplete.

H. SHI PBOARD OBSERVATI ONS OF MOLTI NG BY SHEARWATERS AT SEA

Molt (mainly of primaries and secondaries and sonetines
uPper coverts) was recorded at sea (i) b% direct observation
of the flight feathers being nolted, in birds seen at close
range, and (ii) indirectly by recording feathers seen
floating in localities where shearwaters were present (or
close by) at the time of the observation. A summary of
t hese observations is presented in Table 4.

Fl oating feathers and nolt of the flight feathers in
live birds of both species were observed in both areas of
study in 1975-1976: the Qulf of Al aska and the Southeastern
Bering Sea. These shearwater nolting records extended all
t hrough the summer from May to early August, with the nunber
of separate occasions (locations) distributed as foll ows:

Né%_yabﬁg) A).June (4), July (5), August {3) and September (0)

Floating feathers provi de information on the areas of
the ocean where nolting takes place. Since molt is a period
of stress for birds, it is inportant that nolting should not
be taking place in areas where they may be exposed to oil
spills. In fact, it appears that nolt occurs gradually and
over a very wde area (not in restricted areas) so this my
not be a particularly serious problemin Al askan waters.

VI1. DI SCUSSI ON
A. THE ClI RCULATI ON OF SHEARWATERS IN THE W NTERI NG AREAS

Aside from seasonal shifts in the overall distribution
of each of the two species of shearwaters in the North
Paci fic Ocean, and in and out of the Bering Sea, from nonth
to month from April-Septenber, the reasons for the dis-
continuous distribution of shearwaters, both in space and
time, and the explanation for the “here today, gone to-
morrow’ phenonenon have not been elucidated. --

As Figure 14 shows, the majority of record periods do
not result in shearwaters being seen, so there are many
enpty sea areas at any one time. Also, major aggregations_
are found relatively infrequently (Tables 1 and 2) except in
a fewlimted |ocations, and over nost of the Conti nental
Shel f sightings are as often of fewer than 100 birds as of
more than that (Figure 14).

What determ nes the shifts or circulation of flocks or
sub-popul ations within a region remins unresolved. |t nay
be determned by feeding conditions or by weather patterns,
as discussed in Section IIIic.

We had hoped to be able to correlate the distribution
of shearwaters with currents (or tidal currents) at the
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TAME & s MOLT | N SHEARMATERS IN ALASNAN WATERS

Species Present in Area
At Time (or Presumed Species

Year Region and Area Dat e Locati on Description Origin of the Feathers
1975, .
GUIF OF ALASKA, Kodiak-Bowie pea- July 13 (i) 5521 *N ,144%m, « Feathers floating. Possibly Sooty Shearwaters
mount chain of shearwaters”
(11) 55%30°N, ,244%27'%, “Many feathers of shearwaters Sooty Shearwaters

floating on the water)
R R R R B I EHHE I HHHHHHEHE IS HE R RE 5 0 SR R A TR A SN eI I S 0 0 0 S S S HE S R I

NEGOA, No Data
LY YT ey B R s e Ty prrreTs S AHHHHHER R NN
NWGOA, No molting noted, June 17-18, July 16-18, 28-31, or August 5-11,

BERING SEAInner Bristol Bay June 8 58°10'N, 159w . ‘Today saw many feathers of Short-tailed Shearwaters
shearvaters, The Mds are
mo lting.”
South of Cape Juns 10 (1) 57°50'W, , 162%11% . “A1l the observations show Short-tailed Shearwaters
Newenham that the birds are nolting.” )
(i) s8°02*N, ,161°52' 11. "Many feathers on the wat er.” Short-tailed Shearwatera
North of Anak |sland July 19 56%05°N ., 162%3M . “Huny, nany | eathers f loating. Short-tailed Shearwaters
Beyond Continental August 14 (i) s5%9°N, ,168°30%W, “Many feathers of shsarwatere Northern Fulmar ?
Shel f, South of St. or f ulmars on the water.”
George*s Basin (i) 55%27'N, | 168%2% . “Many feathers floatings Northern Fulmars ?

probably fulmars,”

ey

1976,

GUIF OF ALASKA, Kodiak-Bowle Sea- July 18 55°23'N, ,162%51, “Brown feathers floating On Sooty Shearwaters ?
nount chai n the water... ~ing andfor tail
feathers s fromtheir color
and size, they are shearwater
f eathers)”, al though no shear-
waters were seen until 3 1/2
hours later at 55°57' N. 144®

nke oo,
RERE RN RRERE RREES RRREE AESEE AREEE SHNEE NN RN HREER RRNER AER RKAURRE NRNHE UNAARRERRR HERE R HNERE FRREC R RREER Y ERERY RERR
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able & (continued):

1976 (continued) 1
KODI AK SHEIF, Amatuli Trough

NEGOA.

NEGOA ,

KCDI AK SHELF,

KCDI AK SHELF,

NWGOA.
KCDI AK SHEIF,

AIEUTTANS .

HAEHHHEEHC RS BERRE REREE R SRS REREE BRARER R R O R

BERING SEA.

NEGOA Shel f Edge (Bering
G acier)

NEGOA Shelf Edge (South-
west of Kayak | sland)

Nort heast of Afognak
| eland

Inner Kennedy Entrance

Chirikef /Trinity Islands
Qutside Kodi ak Harbor

Unimak Pase (North

Uni mak Pass)

South of Mumivak |sland

Hay 8
May 16

May 17
Hay 20

May 24

May 27

Jsne 19
July 19

August 2

5802u°N, | 14813,

(1) 59°40'N, ,143°27'W,

(ii) 59°39°N, , 143053',
59°47°N, | 145°40°W,

58°26'N., 150006'W,
(1) s58°22'N. ,151°37'v,

(ii) 58%27'N.,151042%,
59%01'N, , 150%56'W,

56901°N, ,155%05'W .
56°3'H, 15200400 .

54%®IN. , 165010 U.

August 3 (1) 58%20°N, ,167°26'.

(i) 59918'N, ,167%56%,

Mot seen in two birds seen
within 100m,

“Molt" .
“Molt" .

“Mlting”.

“Mlting.”
“Feathers floating onthe water,
some of them white( gulls or
murres), most of them shear-
water-colored body feathers.

"Molting."
"Molting.*

“Molting; wings.

"They show wing and bedy
mlting. "

¥ 1SSS molting",

S SR I JHHHHHMEE SO HHEEE HHRHHEE HHHHH

“Many shearwater f eathem f loating

in the water.

Species unidentif | ed

Short-talled Shearwaters
Short-tailed Shearwaters

Short-tailed and Sooty
Shearwaters

Species unidentified
Speci es unidentif |ed

Specles uni dentified

Short-talled and Sooty
Shearwaters

Short-tailed Shearwaters
Sooty Shearwaters

Short-tailed Shearwaters

Short-tailed Shearwaters

“Feathers of shearwaters floating.” Short-tailed Shearwaters




regional |evel, but the data contenporary with our
shearwat er observations were not adequate for this.

We concl ude that biotelemetry provides the best hope of
elucidating the extent and pattern of |ocal and regiona
movenents of shearwaters in Al askan coastal areas.

B. THE FEEDI NG ECOLOGY OF SHEARWATERS | N THE W NTERI NG AREAS

As noted in section V.C., the foods eaten by the
speci nens collected in 1975 and 1976 during this Research
Unit were studied by G.A. Sanger (Lensink et al. (1976),
Sanger and Baird (1977)). Foods taken by shearwaters in the
eastern Bering Sea have al so been di scussed br Hunt et
al . (198l1a), and foods taken in the Kodiak Island area of
the Gulf of Alaska by Sanger et al. (1978) and Krasnow et
al . (1979). Ogi et al. (1980) analysed 439 Short-tailed
Shearwater stomachs and reported that “the diet . . ..varied
according to sea area. ..denonstrates high adaptability in
prey and pelagic environnent”.

On the basis of a rather snall sanpling in 1975 and
1976, Sanger and Baird (1977) found that Sooty Shearwaters
were feeding mainly on squids and fish, while Short-tailed
Shearwaters were feeding mainly on euphausiids. But, wth
fewer than 50 stomachs altogether, fromtwo species taken in
both the Gulf of Alaska and the Bering Sea, it is clear that
no breakdown reflecting differences in |ocal feeding areas
at different tines was yet possible. In 1977 and 1978 over
300 nore specinens were collected in the Kodiak Island area,
yi el di ng about 250 usabl e stomach sanpl es (Sanger et
al. 1978, Krasnow et al. 1979). Seasonal changes were found
fromJune to Septenber (1) from al nost 50/50 squid and fish
in June to 95% fish in Sooty Shearwaters, and (2) from 80%
Thysanoessa euphausiids in June to 92%fish in Septenber in
Short-tailTed Shearwaters (Sanger et al. 1978). Capelin
(Mallotus villosus) was the predom nant fish in 1977 (nuch
more so in Sooty Shearwaters), but in 1978 Sooty Shearwaters
taken in nearshore waters in Kiliuda Bay took few squids and
swi tched from capelin t 0 sandlance {Ammodytes hexapt er us)
between June and Septenber (Krasnow et al. 1979). One can
concl ude that the seParation bet ween the feeding preferences
of the two species of shearwaters is rather wide in early
sunmer, but narrows rapidly in August. Therefore, their
relative distributions nust be reviewed in terms of the
availability of their preferred invertebrate versus ver-
tebrate foods, ‘especially in My, June and July.

C. THE SI GNI FI CANCE OF SHEARWATERS MOLTI NG 1N ALASKAN WATERS

Flight may be affected by nolt. Flight in shearwaters
has been discussed by warham (1977). Mlt in shearwaters
has been discussed by Watson (1971) and Guzman (1981).

1. Timng and Sequence of Mlt

During the early part of the northern summer the aspect

of the feather coat of shearwaters is old and worn on the
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wings and tail. During the northern summer, they acquire a
new feather generation of flight and tail feathers.

Bodr molt starts on the breeding grounds, and .is
apparently conpleted on the wintering grounds. Brood
pat ches appear in sone individuals at the end of the
northern summer, just before the start of the southbound
mgration. Goups of feathers that are entirely nmolted in
the Northern Hem sphere are well correlated, but body nolt
does not show anK correlation with them

There is a high correlation between the replacenment of
upper greater coverts and the corresponding primaries
(r=0.99 in Short-tailed and r=0 97 in Sooty). The upper
greater coverts molt just 1 or 2 feathers ahead of their
mat ching primary feathers (Guzman, 1981). This could be an
adaptive strategy to reduce part of the gap left by the
primary or primaries being nolted. Gaps left at the
trailing edge by shed primaries will increase the drag
force, and affect the performance of the wing. The greater
coverts protect the quill bases of the primaries from being
damaged, and this nust be particularly iInportant as new
primaries start to grow in.

The correlation between nmolt in tail and primary
feathers is also significant (r=0.85 in Sooty Shearwaters
and r=0.73 in Short-tailed Shearwaters). Although prinary
nolt starts earlier than tail nmolt, they are conpleted at
about the same time.

The alula provides a mdwing slot. Saville (1957)
reported that the alula “may be of substantial size” in
oceani c soar|n%_b|rds. In the present study, the alula of a
sample of ten birds of each species of shearwater was
nmeasured, using for this purpose birds that had al ready
finished their alula nolt. |In the Sooty Shearwater the
alula was 14.1% of the wing length, and it was 13.5%in the
Short-tailed Shearwater (Guzman, 1981). These ratios are
conparatively nuch higher than those given by saville for
al bat r osses.

The alula hel ps to reduce drag over the upper surface
of the wing. This may explain the earlier molt of the alula
conpared wth the outer primaries. Only when one “slot”
(the alula) is totally nolted, does the next one (the outer
primaries) undergo nmolt. In this manner, unwanted drag over
t he upper surface of the wing is avoided.

2. Effect of Molt on Flight
(1) Powered Flight. _
Towards the wing tip primary feathers are |[onger, so
t he shedding of the outer primaries (7 to 10) mustbe
critical in terms of wing area, propelling power and lift to
drag ratio. Storer (1948) stated “It is denonstrable that a
slight change in the position or shape of two key primary
feathers can nake it nearly inpossible for a bird to f1y".
Shearwat ers depend nuch nore on powered flight than
al batrosses. Thus (i) under cal mweather conditions they
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rely almost exclusively on wing flapping to £ly, (ii) wng
fIapEing Is of great inportance in taking-off under al nost
all kinds of weather conditions, (iii) when clinbing up over
the crest of a swell, to initiate soaring, they usually
depend on powered flight, and (iv) to correct ftlight di-
rection when gliding they will flap the wings from2 - 10
times.

It seens that, when nolting the primary feathers, those
that are left functional produce w der and deeper slots.
Under these conditions thrust nust be greatly reduced.

(2) Dynam c Soaring

When soaring above the swells or losing altitude by
gliding, shearwaters normally keep the prinmaries together
showing a very narrow and pointed wing. But any change that
reguires an active -action by the wing, wll produce im
medi ately a spreading of the primary feathers, opening slots
between them  The size of these slots varies with the
maneuver to be acconplished? and requires a great de?ree of
efficiency of the outer primaries. So, it is probably
greatly reduced during nolt of the outer primary feathers.

(3) Take-of f from Water _

In both species under study, the slots at the tips of
the wings are of inportance for producing the necessarg_lift
to raise shearwaters from the water during take-off. irds
molting their outer primaries mght have serious difficulty
in getting enough 1lift.

(4) Pre-dive Stalling

One of the actions perfornmed by shearwaters that
requires a high degree of maneuverability is the stal
before initiating a dive. Once prey is located fromthe air
by the bird, it stalls. To do this the bird needs all of
its ‘braking power’, using wings, tail and feet to brake

To perform effective plunge-dives for food from stall
positions, shearwaters m ght require conplete sets of tai
and flight feathers (at least primaries and alula), to fully
control their novenments at those nonents. In fact, this
kind of diving behavior was never seen during m d-summer,
when the nolt is in progress, except in May when the old
tail and outer primary feathers were still present.

3. Swnmwg

The breedi ng popul ations-of Sooty and Short-tail ed
Shearwaters do not nolt flight and tail feathers on the
breeding grounds, so by the end of the austral summer they
have old, worn, feather coats. Oher species of
Procellariiformes that do not mgrate across the equator
into the North Pacific have different patterns of nmolt; in
many of these species nolt overlaps to sonme extent with the
breedi ng season. _ _

During nolt, Sooty and Short-tailed Shearwater w ng
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| oadi ngs do not change much. This is due to the fact that
while there is a change in wing area there is also a
conpensating reduction in body weight. So, this does not
seemto be critical for flight capabilities.

On the other hand, shearwater flight capabilities also
depend on the glide ratio, or ratio of lift on drag (L/D),
whi ch can be drasticallﬁ nmodi fied during nolt (i) by
changi ng the shape of the mﬁn%, (ii) by altering the aspect
ratio, or (iii) by altering the slots that normally reduce
drag. Powered flight can also be drastically affected if
the primary feathers are reduced in number during nmolt, so
that less thrust is possible. It can be concluded that
shearwater flight is nost affected during nolt (i) when
taking-off, (i1) when maneuvering in the air, and (iii) when
stalling to initiate a dive.

Considering that during the nolt shearwaters have
difficulties in performng all the nmaneuvers required for
plunge-divin%, their feeding spectrum is probably reduced,
as well as their capability of feeding in all kinds of
weat her conditions. Consequently, they are probably limted
to feeding nainIK by diving fromthe surface in relatively
cal m weather. Therefore, Dbecause they are nolting then
Sooty and Short-tailed Shearwaters are vul nerable to any
addi tional environnental stress (such as oiling) that may
occur during their period of residence in Al askan waters.

VITT. SUMVARY AND CONCLUSI ONS

1. On their wintering grounds, in the Gulf of Al aska
and Bering Sea, both species of shearwaters under study were
present at least from May to August. Around Kodiak Island
t hey wfre still present in-September when that area was
visited.

2. The analysis of the data on the distribution of
Sooty and Short-tailed Shearwaters indicates that the% occur
along the length of the Alaskan Coastal Donain described by
Favorite et al. (1976).

3. They are nostly Found over Offshore Waters (M ddle
and Quter Shelf Zones), but smaller nunmbers may be seen over
Cceanic Waters, particularly near seamounts.

4. Aggregations occur regularly close to shore in
Uni mak Pass and in Marnot Bay, Kodiak |sland.

5* El sewhere, the birds are widely dispersed and occur
in | ow densities, but they sporadically gather in |arge
aggregations fromtine to time at various |ocations when
| ocal feeding conditions becone good as over upwellings at
the margins of troughs in the Continental Shel€.

6. It is evident that part of the popul ation of
Short-tailed Shearwaters (probably non-breedi ng subadults)
nmoves inmediately into the Northeastern Gulf of Al aska, as
soon as theK arrive from the Southern Hem sphere; they were
common in the Hi nchinbrook Island - Icy Bay sector in May,
and over ¥iliuda Trough after that nonth.
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7. Sooty Shearwaters were abundant in Kennedy Entrance
and over Stevenson Trough. Both species were conmonly found
in mxed aggregations offshore over Amatuli Trough and
inshore in Chiniak and Marnot Bays, Kodiak Island.

8. By July, the Short-tailed sShearwaters were not
found east o Kodi ak | sland, but they were abundant on the
southeast Kodi ak  Shel f.

9. The distributional data for the Kodiak Shelf shows
that, even when both species are common in sone |ocations,
they tended to be segregated in different flocks, sone
di stance apart, and that when m xed together one species is
al ways far nore abundant than the other. Thus, in Chiniak
and Marnot Bays, for exanple, both species were abundant,
but generally they were found in different blocks, during
the sane period of tinme.

10. In the NWEOA shearwaters were found to be very
patchy and scarce, particularly south of the A aska Pen-

I nsul a west of the trough that energes from Shelikof Strait
west of Chirikof Island. Besides the few aggregations
sighted, only a few birds were seen dispersed in the NWEOA.

11.  Aggregations of shearwaters were sonetines
encountered in the Chirikof - Trinity Tslands area and
bet ween the Shumagin |slands and the Sanak |sl ands.

12. In the Bering Sea, Short-tailed Shearwaters were
by far the nobst abundant species. Sooty Shearwaters were
sonmetimes also found.

13. Sooty Shearwaters werepresent in, or close to,

Uni mak Pass, and in Inshore and M ddle Shelf Waters off
certain of the eastern Al eutian islands, and al so sonetines
associated wth the Shelf Break Front.

14. By the second part of August and early Septemnber
t he nunbers of both species of shearwaters sharply decrease
i n Kodiak |sland waters.

15.  Sooty and Short-tailed Shearwaters were recorded
aggregating in waters that had a w de range of tenperatures,
and favored feeding |ocations also had (or experienced) w de
tenperature differences.

16. Differences in the favored foods between Sooty and
Short-tailed Shearwaters appear to be greater in early and
m d-summer (May - July) than in Septenmper, so differences in
their distributions may be related to differences in the
availability of their food species in different offshore
zones or geographical regions.

17. For a high percentage of observation periods, no
shearwaters may be seen, or only |ow nunbers.

When aggregations do occur, they may be brought about
either by a very high density in avery concentrated area or
by intermediate or relatively |ow densities of birds spread
out over a wde area.

19. Biotelemetric studies of novenents of individual
birds are needed to denonstrate the extent and patterns of
| ocal and regional novenments of shearwaters off Al aska.
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20. Shearwaters nolt their flight feathers in Al askan
waters. Wen nolting, their ability to feed and their
a.blillity to take off fromthe water would be inpaired by
oi l'ing.

g21. Because they breed in and visit a nunber of
nations in both Northern and Southern Hem spheres, Sooty and
Short-tailed Shearwaters are of international interest and
inportance. They are the predom nant species in terms of
their nunbers in Alaskan waters in the summer nonths. The
extent to which they becone contam nated by, or are at risk
from fossil fuel hydrocarbons in the sea needs continued
moni t ori ng.
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