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PREFACE

This final report for OCSEAP Research Unit 69/70 is for the
peri od September 1975 to March 1978. Because a great deal of
additional research has been conducted since 1978, as part of an
expanded National Marine Fisheries program we felt it inportant
to update our original final report submtted to OCSEAP in Septenber
1979 in order to reflect some new data, clarify past statenents, and
in general provide nmore tinely information for managers.

This report is not conprehensive because our OCSEAP research
was general in scope and was funded at too low a level to provide
conpl ete coverage over the entire study area. Mst of the new
information added to this report came from other programs
supported by the NWFS from 1978-1981 (cf. Braham et al. 1980e).

some Of the recommended research we propose in this report,
dating back to 1978, have been undertaken through the U.S. Bureau of
Land Managenent. Again, we do not claimto have covered the breadth

and depth of this topic, and recognize that much nore systematic
work is needed on both species.
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ABSTRACT

From Sept enber 1975 to Septenber 1977 we conducted field
research on bowhead (Bal aena nysticetus) and white (Del phinapterus
leucas) whales in the U S. Bering, Chukchi and Beaufort Seas. The
obj ectives were to determine the general distribution and mgration
of these whales in spring and autunm and to estimate abundance. We
al so surveyed the literature beginning in June 1975 through March
1978 to augment our enpirical results.

Bowhead and white whales spend the winter nonths anong the pack
ice and open water of the central and western Bering Sea. They
mgrate into the eastern Chukchi Sea and across the southern and
central Beaufort Sea from April through June. Their route takes
them up the west side of the northern Bering Sea through the Bering
Strait, along the northwest coast of Alaska between Point Hope to
Point Barrow, generally within 50 km of shore (closer to Point Barrow
than off Point Hope and Cape Lisburne), and offshore in the Beaufort
Sea generally to 60 kmof the coast. Exceptions exist, and these
are pointed out in the text.

It appears that the entire bowheadmgration follows this
mgration pattern; however, white whales may be divided into groups
(or stocks) of varying size, some occurring in Bristol Bay, Norton
Sound, Kotzebue Sound, and al ong the northwest coast of Al aska during
sumrer. The largest conponent of the white whal e popul ati on niqgrates
into the Canadian Beaufort Sea in spring at roughly the same time as
t he bowheads. Autumm nmigration results were not obtained, generally,
for either species.

The 1978 best estimate of the size of the bowhead popul ation

was 1,800 to 2,900 individuals, and for the white whales occurring
in Al askan waters between 8, 000 and 16,000 i ndi vi dual s.
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| NTRODUCTI ON

In 1975 the Quter Continental Shelf Environmental Assessment Program
(OCSEAP) Ofice awarded a contract to the Marine Mammal Division (now the
National Marine Manmal Laboratory) of the Northwest and Al aska Fisheries
Center, NWS, to study the bowhead whal e (Balaena nysticetus) and white
whal e (Del phinapterus leucas) in the Bering, Chukchi, and Beaufort Seas.

The objectives were to summarize the current state of know edge on each
popul ation, define nigration routes and timng, and make an estimate of
popul ation size fromoriginal field research and a review of the literature.
Field research was funded from Septenber 1975 to Septenber 1977.

This report is the final of tw reports witten under OCSEAP contract
nunber R7120807, research unit 69/ 70. Braham and Krognan (1977)L/
covered our first full year's research, 1976. Al significant research
findings, including those already reported on in our other OCSEAP reports,
are incorporated into this report. This document is an update of the final
report submitted to OCSEAP in Septenber 1979.

During the course of our field research information was acquired
regarding spring nmovenents of whales from St. Lawrence |sland to Point
Barrow. Research on bowhead and white whale distribution south of St.
Lawrence |sland was not extensive, nor was nuch information found in the
[iterature. Al so, our understanding of distribution in the Beaufort Sea
was fragnentary, conming from scant data from our research, from Eskino
informants, and from early comercial whaling accounts. At the tine this
contract was active, site-specific oil |lease areas were not known. Therefore,
our research was directed only at a general understanding of these species.

In 1978, the National Marine Fisheries Service expanded its research
on bowhead whales, with the principal objectives of deternining population
size and obtaining information on life history parameters. Data acquired
during the 1978 and 1979 field season are reported in Braham et al. (1979,
1980a, 1980b). Further analyses, and reports, are continuing. Were
applicable, information from these papers is presented here.

The bowhead whale is the nost depleted narine mammal occurring
exclusively in Arctic and sub-Arctic waters of the Northern Henisphere.
It is also the only depleted endangered species annually harvested.
Under the Endangered Species Act of 1973, no human activities of any kind
can take place which are likely to jeopardize the continuing existence of
a species or population. Proposed OCS devel opment for oil and gas in the

Beaufort, Chukchi, and Bering Sea include habitat essential for the survival
of this population.

1/ Braham H. W, and B. D. Krogman. 1977.  Popul ation biol oqy
of the bowhead (Bal aena nysticetus) and beluga (Del phinapterus |eucas)
whal es in the Bering, Chukchi and Beaufort Seas. Processed rep., 29 p.
Nat|. Mar. Mammal Lab., Northwest and Al aska Fish. Cent., Natl. Mar.
Fish. Serv., NOAA, 7600 Sand Point Way N E., Seattle, Wash. 98115.
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Results presented in this report represent the first research funded by
a U S, Federal agency to provide baseline information on the endangered
bowhead whale in relation to proposed OCS devel opnent.

STUDY AREA AND DATA SQOURCES

STUDY AREA

The study area included the eastern Bering Sea, the Chukchi Sea east
of the USA-USSR 1867 Convention line, and the Beaufort Sea to the US. -
Canadi an border at |ong 141°W.

Sea ice covering the Chukchi Sea begins to advance south in early
Cctober fromits nost northerly limt near lat 72°-74°N and extends well
into the Bering Sea through June during average ice years (Shapiro and
Burns 1975). Sea ice is present winter and spring over nost of the
intercontinental shelf of the northern and eastern Bering Sea and occurs
infrequently in the southwestern Bering Sea. Wth the progression of
winter, |andfast ice develops nmost extensively in hays and inlets that are
protected from the shearing forces of mobile drift (sea) ice. Landfast
ice increases outward from shore to the 12-30 m depth contour. Along the
northwest coast of Alaska from Point Hope to Point Barrow in spring, a
persistent flaw or transition zone occurs between the |andfast ice and
pack ice where open water often is found. These open water pathways are
call ed | eads when they are long and thin; when the openings are persistent
and | ake-like, they are called polynyas. The inportance of polynyas has
recently been summarized by Stirling (1980). It is this transition zone
which is used by nmigrating bowhead and white whales. The transition zone
may exceed 50 kmin wi dth near Cape Lisburne and Point Hope during some
years (Pers. obs.; Burns et al. 1977)2/; east of Point Barrow into the
Beaufort Sea the zone occurs farther offshore (Mirko 1975).

Shel f waters of the Beaufort Sea are typically ice-free fromlate
July to Septenber or early Cctober, but northerly winds may keep or blow
the pack ice near or against the coastline at any time (Blood 1977)3/.

2/ Burns, 3.3., | H Shapiro, and F. H Fay. 1977. In
Environnental assessnent of the Al askan continental shelf, annual reports
of principal investigators for the year ending March 1977, Vol. 1, Receptors -
mammal s, Unpubl. rep., p. 503-554. U S. Dep. Commer., Natl. Cceanic Atnos.
Admin., Environ. Res. Lab., Boulder, Colo.

3/ Blood, D. A 1977. Birds and marine mammals: the Beaufort Sea

and the search for oil. Unpubl. rep., 12 p. Beaufort Sea Project, Dep.
Fish. Environ., Can.
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Figure 1. --Approximate world distribution of bowhead whales prior
to commercial exploitation.



DATA SQURCES

Aerial surveys were used to study the spatial distribution of bowhead
and white whal es throughout the Bering, Chukchi, and Beaufort Seas. Data
collected during these surveys have been digitized, stored in the National
Mari ne Mammal Laboratory conputer file library (Appendix I), and submitted
tothe Environnental Data Service (EDS), NOAA.

Spring mgration and tenporal distribution of bowhead and white whales
al ong the northwest coast of Al aska was studied fromice and land stations
near Point Barrow, Cape Lisburne, and Point Hope. As data collected at
these field sites during 1976 and 1977 were analyzed by hand (not digitized
for computer analysis), they were not subnitted to EDS.

METHODS AND MATERI ALS

| CE AND LAND CAMPS

During the spring nigration, counts of bowhead and white whales were
mei ntai ned on a 24-hour basis as conditions allowed at the follow ng
localities: fast ice edge near Point Barrow (25 April-2 June 1976 and
19 April-3 June 1977); cliffs at Cape Lisburne (6-15 May 1977); and
fast-ice edge off Point Hope (18 April-28 May 1977). One or tw
observers stood 4-hr watches.

As whal es noved past observers, the followi ng information was scored:
nunber of animals; direction of travel; general behavior; weather conditions;
time of day; and, when possible, length of tine animals(s) spent at the
surface and duration of dive.

I'n 1978, an upgraded counting effort was conducted at Point Barrow,
Al aska, utilizing two counting stations (Braham et al. 1979). The canps,
called South Canp and North Canp, worked in conjunction with each other,
15 April-5 June. South Canp observers made the primary counts and, through
radi o communication to North Canp, North Canp observers evaluated South
Camp’s results. The watch schedule during 1978 was two ohservers per shift
rotating each 3 hr. Conplete docunmentation of current ice canmp counting
met hodol ogy and theory is reported in Krogman et al. (1979a);4/ Krogman

( 1980). In addition to the Barrow counts, counting was conducted at Cape
Li sburne 2 April-7 June 1378.

&/ Krogman, B« D., R M Sonntagq, H W. Braham, S. Savage, and
G W Priebe. 1979a. Arctic Whale Task ice canp survev format 1979 version.
Unpubl. manuscr., 60 p. Natl. Mar. Mammal Lab., watl. Mar. Fish. Serv., NOAA
7600 Sand Point Way N E., Seattle, Wash. 98115,
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AERI AL SURVEY

Aerial survey procedures were designed to delineate nearshore and
of fshore distribution of whales frequently over pack ice conditions. W
flew the aircraft over open water--the |eads or polynya--at el evations
of 70-300m depending upon cloud cover. Data collected on bowheads and
white whal es during ocseap studies RU 14 (Krogman et al. 1979b)%/ and
RU 67 (Braham et al. 19778/; Braham et al. In prep..z/) are included in
this report. Aerial survey nethodology for RUS 14 and 67 differed in the
pl acement of flight tracks in that for those studies (walruses and seal s)
tracks were flown as straight lines irrespective of sea ice coverage.
Because this report presents aerial survey results by showing only
tracklines and geographic positions of sightings, the two nethodol ogi es of
aerial survey (systematic flying over open water versus straight tracklines)
are analytically equivalent although no estimate of abundance is qenerated
fromeither nethod. Aerial surveys were not flown to nmake estinmates of
bowhead abundance. This nethod was determined to be inpractical
(experinmental ly) and too costly.

Four aircraft types were used during the surveys for whale distribution;
a single engine Cessna8/ from Cape Snythe Air Service, Barrow, Al aska, a
twin-enqgine Grumman Otter chartered fromthe Naval Arctic Research Laboratory,
Barrow, or Cape Snythe Air Service; a twin-engine Grunman Goose (N780) and a
Lockheed p-2v (¥48347) both chartered fromthe O fice of Aircraft Services,
U S Fish and WIdlife Service, Anchorage, Al aska. Depending on the aircraft
used, one to five observers were used; the usual crew of two observers, one

recorder, and one person resting aft rotated hourly to reduce observer fatigue.
For the study period 1976-1978, the G umman Goose was by far the nore
frequently used aircraft.

3/ ¥rogman, B. D., H W Braham, R M Sonntag, and R G Punsly.
1979b. Early spring distribution, density and abundance of the Pacific
wal rus (Odobenus rosmarus) in 1976. Unpubl. rep. 47 p. ¥atl. Mar. Mammal

Lab., watl. Mar. Fish. Serv., NOAA, 7600 Sand Point Way N E., Seattle,
Wash. 98115.

8/ Braham, H- W, R D. Everitt, B. D. Krogman, D. J. Rugh, and
D. E. wWithrow. 1977. Marine mammals of the Bering Sea: A-prelimnary
report on distribution and abundance, 1975-76. Processed Rep., 90 p.
Natl. Mar. Manmal Lab., Northwest and Al aska Fish. Cent., Natl. Mar.
Fish. Serv., NOAA 7600 Sand Point Way N.E., Seattle, Wash. 98115.

7/ Braham, H., and D. Rugh. 1In prep. Distribution and relative
abundance of marine mammals in the eastern Bering and Chukchi Seas.  Unpub 1.

rep. WNatl, Mar. Manmmal Lab., Natl. Mar. Fish. Serv., NOAA, 7600 Sand Poi nt
Wy N.E., Seattle, Wash. 98115.

8/ Reference to trade nanes does not inply endorsenent by the
National Marine Fisheries Service, NOAA.
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Information recorded included species identification; nunmber of
adults and/or calves; 1local tine of sightings; geographic position to
1 square nnmi obtained from an onboard Glohal Navigation System 500;
per pendi cul ar angular distance from aircraft to animal(s) taken with an
opti cal reading clinometer (Model PM-5/360 PC, by Suunto Oy of Finland);
animal activity; and environmental data on weather, visibility, and ice.
Compl ete documentation of aerial survey nethodology used for this research
is reported in Krogman et al. (1379)8/.

LABORATORY ACTIVITI ES

Ice and land canp results are presented by locality by year. Length
of season, total nunber of hours watched, percent of total hours watched
total number of whales counted, and indices to total number of whales
passinq by the counting canps are presented. Bowhead abundance i ndices
for spring seasons 1976 and 1977 were conputed as the sum of the products
of rates per day for each day times 24 hr. Histograns showing the daily
index are used to illustrate tenmporal distribution that occurred during
each field study. Indices are presented for bowheads only. The tenpora

distribution of white whales were too clunmped to cal culate a meani ngful
i ndex.

Aerial survey results are presented in conputer plots showing effort
and sighting data. Numerical results acconpanying the figures include the
total number of adults and immatures ohserved, average group size, and
standard devi ation (SD) of average group Size. A plot of all tracklines
flown in 1976 and 1977 is displayed in Appendix II.

REVI EW OF BOWHEAD STOCKS

Rice (1977) recognized four bowhead whale popul ations or stocks
wor | dwi de: 1) from Spitsbergen west to east Geenland, called the
Spi tsbhergen stock by Temilin (1957) or Spitshergen-Barents Sea stock by
Jonsgard (University of GOslo, Osle, Norway, Pers. commun., 7 February
1979); 2) in Hudson Bay, Davis Strait, Baffin Bay, and Janes Bay, called
the West Greenland stock by Tomilin (1957) or Davis Strait stock by the
International Whaling Conmmi ssion (IWC) Committee of Scientific Advisors
(IWC 1978); 3) Bering, Chukchi, and Beaufort Seas, called the Bering-
Chukchi stock by Tomilin (1957), Bering Sea stock by the IWC {IWC 1978),
or the western Arctic popul ation by Durham (1972)1%/ and Bockstoce (1977);

¥ Krogman, B. i)., R M Sonntag, and H. W Braham. 1979%. Arctic
whale Task aerial survey format 1979 version. Unpubl. manuscr., 30 p.
Natl.’Mar. Manmal Lab. K Watl. Mar. Fish. Serv., NOAA, 7600 Sand Poi nt
Way N.E., Seattle, Wash. 98115.

10/ purham F. E. 1972, Biolegy of the bowhead whal e (Balaena
nysticetus L.) in the western Arctic. Unpubl. manuscr., 93 p. Univ.
Sout hern calif,, Dep. Biol., LOS Angeles, Calif. 90500,
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and 4) in the Sea of Ckhotsk. Mtchell (1975) recognized five stocks,
treating the Hudson Bay population as isolated fromthe Wst G eenland
stock. Figure 1 is an overview of the species distribution prior to
conmerci al exploitation.

Commer ci al whaling severaly reduced the Spitsbergen Stock during the
17th century, the West Geenland stock during the 18th century, and the
western Arctic-Bering Sea and Ckhotsk Sea stocks during the 19th century
(Tomilin 1957; Braham and Krogmanl/; Bockstoce 197811/),

SPITSBERGEN-BARENTS SEA STOCK

Rowheads from this stock apparently w ntered south of the area bounded
by the eastern coast of Geenland, Iceland, and Jan Mayen I., to Spitsbergen
(Tomilin 1957). Their northeasterly spring novenent was associated with the
recession of the ice front, with sone whal es arriving at Spitsbergen in
April (Cark 1943). By early summer, nost of the popul ation was found
bet ween G eenl and, Spitsbergen, and the Barents Sea, with some aninals
occurring South along the coast of Geenland when sea coverage was extensive
(Vibe 1967). A southerly migration was made during autumm al ong the G eenl and
coast and open winter areas of the coast. Froman initial population
estimated at 25,000 (IWC 1978), the Spitsbergen-Barents Sea stock underwent
a gross reduction in size as a result of intensive conmercial exploitation
(vibe 1967). This stock is now considered to be extinct or nearly so (A
Jonsqgard, Pers. commun., 7 February 1979; Jonsgard 1981). Reeves (1980)
recently conpleted a review of the stock.

WEST GREENLAND OR DAVIS STRAIT STOCK

Recent information on the seasonal distribution of bowheads in this
stock is lacking. However they apparently winter in southern Davis Strait
from Godhaven southwest to approximtely |at 60°00'N. Mgration to
sunmmering grounds is closely associated with the northerly retreat of the
ice front. The sumering area and migration routes include northeast
Baffin Bay as far north as Smth Sound (C ark 1943), the waters between the
i slands of the Canadian Arctic Islands and as far west as Barrow Strait
(Gilmore 1951), Lancaster Sound, and Prince Regent Inlet (Lubbock 1937).

Ani mal s apparently winter in Hudson Strait and southcentral and western

Hudson Bay. In summer, animals nove to the northwestern part of Hudson Bay
and Foxe Basin (Gilmore 1951; Ross 1974). Sex and age segreation Within the
popul ati on was reported by Southwell (1898) to be that older nal es occurred
more often in open water than femal es and young who were associated with the

11/ Bockstoce, J. R 1978. A prelimnary estimate of the reduction
of the western Arctic bowhead whale (Bal aena mysticetus) popul ation by the
pelagic whaling instury: 1848-1915. Unpubl. rep., 33 p. U S. Mir. Mmal
Comm., 1625 | St., w.w., Wash., Dp.c. 20006.
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pack ice front. The initial stock size was estimted at 6,000 and the
current level is believed to be 10% of that (IWC 1978). However, since so
few animal s have been seen this century it seens likely that the present
popul ation size is smaller than the 10% estimated (R. Davis, LG Ltd.,
Toronto, Can., Pers. commun., 30 June 1979). Mansfield (1371} believed the
stock was recovering; recent studies have not confirmed this (Davis et al.
1978).

VESTERN ARCTI G- BERI NG SEA STOCK

The distribution of bowheads in western Arctic-Bering Sea stock prior
to comercial exploitation (1848) can be inferred from Townsend' s (1935)
charts which locates by nonth bowhead whal es taken by Yankee whal ers
(Figure 2). The whaling grounds were within lat 53° to 73°N and |ong 120°W
to 175*E. Whaling occurred in the Bering Sea from April to July and, in
t he chukchi and Beaufort Seas, generally from august t0 October. The |ack
of harvest records north of the Bering Strait during April and My is
expl ai ned by the avoidance of heavy ice by whalers. Very few whales were
taken in the eastern Bering Sea, suggesting that the species was fornerly
distributed off the continental shelf in the southwest Bering Sea and over
the shelf in the west central and northern Bering Sea during the w nter,
spring, and early summer nonths.

Initial stock size estinates range from 9,000 to 40,000 (IWC 1978;
Bockstoce and Bot kin 198012/), with a best estimate of about 18-20,000
(IwC 1978; Breiwick et al. 1980; Bockstocell/). The stock was expl oited
conmercially from 1848 to approximately 1921. An estimate of the popul ation
size in the early 1900's is 600-2,000 (Eherhardt and Breiw ck 1980). For
further details of commercial exploitation and whaling activities refer to
Mar quette (1976, 1977)13/, Bockstocell/, and Marquette and Bockstoce (1980).

OKHOTSK SEA STOCK

Bowheads were generally found in northern and western Ckhotsk Sea,
spring and sumer. They once occurred as far north as Penzhinskaya | nl et
and as far west as Tchantar Bay (Townsend 1935). During spring, they were
also taken as far south as Korea and Japan (Townsend 1935; Nishiwaki and
Kasuya 1970). Today, their seasonal movements are unknown. During the

12/ Bockstoce, J. R, and D. B. Botkin. 1980. The historical status
and reduction of the western arctic bowhead whale {Balaena mysticetus)
popul ati on by the pelagic whaling industry, 1848-1914. Unpubl. rep., 120 p.
Natl, Mar. Manmmal Lab., watl. Mar. Fish. Serv., NOAA, 7600 Sand Point Way
N.E., Seattle, Wash. 98115,

13/ Marqu &te, W 1977. The 1976 catch of bowhead whal es (Balaena
mysticetus by Al lskan Eskinos, with a review of the fishery, 1973-1976,
and a biological sunmmary of the species. Processed Rep., 79 p. Natl. Mar.
Mammal Lab., Northwest and Al aska Fish. Cent., Natl., Mar. Fish. Serv., NOAA
7600 Sand Point Way N E., Seattle, Wash. 98115.
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Figure 2b. --Locations where howheads were harvested by Yankee
Whal ers in June and July 1848-1919 (adapted from Townsend,
1935).
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late 1850's, as it became nmore difficult to find bowheads in the Bering
Sea, whalers turned their attention to the Okhotsk Sea, and soon depleted
this stock. Initial stock size has been estimted at 6,500 (IwC 1978).

Al t hough inconclusive, recent results of Bockstoce and Botkin'2/ | eads

us to conclude that interm xing between the Okhotsk Sea and the Bering
Sea stocks may have taken place in the past, but probably not since the
late 19th century. Sighting records supplied by A. A Berzin (Pacific
Scientific Research Institute of Fisheries Qceanography (TINRO), 20 Lenin
St., W adivostok, USSR Pers. commun., 7 January 1976) indicate that
bowheads still occur in the Okhotsk Sea: 16 howheads were sighted during
surveys in 1973-74. Fifty-five (55) bowheads were seen in south-sout hwest
Okhotsk Sea during an August aerial survey in 1979 (Berzin and Doroshenko
1981).

FI ELD RESEARCH RESULTS
SPRING COUNTS OF M GRATI NG BONHEAD WHALES: | CE AND LAND CAMPS
Bar r ow

Counts of bowhead whal es were made 25 April-2 June 1976, 19 April-
3 June 1977, and 1S april-5 June 1978 at the nearshore |ead northwest of
Point Barrow. These periods coincided with the annual northeasterly
spring mgration of bowhead whales fromtheir winter grounds in the
Bering Sea to sunmer feeding grounds in the Arctic Ccean. Summary data
for these three census years are presented in Table 1. The estinmate
(“I'ndex™) of the nunber of whales passing the canps during the census
periods was not, for 1976 and 1977, considered to be a total population
estimate. A nore detailed conparison of indices among years for the

period 15 April-30 May is reported in Brahamet al. (1979, 1980a) and
Krogman (1980).

The 1978 index of 2,276 was higher than indices of 762 achieved in
1976 (revised from 796, originally quoted in Braham and Krogman 1977%/y,
and 715 in 1977 (Figure 3), The increase in counts is attributable to
several factors: 1) increase in survey effort (period of watch); 2)
better survey location; 3) environnental conditions; and 4) increase in
observer effort.

Figure 4 partially illustrates the increase in survey efort by
comparing the nurmber of hours watched per day during the same tine frame
among years. These histograms illustrate the variation in watch effort
among years. For all years the strategy was to maintain an unbroken
24-hr watch schedule. In 1976 and 1977, the period of OCSERP funding

this watch-effort strategy was undermined by fog, closed |eads, unstable ice
conditions and a limted number of observers. This was not so during 1978,
the first year of the NOAA, NWFS expanded bowhead research program

In addition to the outstanding environmental conditions in 1978,
another factor contributing to the increase in the index was a change in
| ocation of the ice canps. During 1976 and 1977 the primary |ocation for
counting was 10-20 kmto the southwest of Point Barrow, where our observers
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TABLE 1.--Summary of spring counts of bowhead whales during their annual

spring mgration through the flaw zone near Barrow, Al aska. See nethods

section for how indices were cal cul at ed.

Counti ng Total hr Total hr Percent Bowheads
Year period in period watched period C oun ted I ndex
wat ched
1976 25 April-2 June 936 392:25 42 330 762
1977 19 April-3 June 1,104 395: 12 36 327 715
1978 15 April-5 June 1,248 1,108:44 89 1,389 2, 2763/

2/ In Braham et al. (1979) an estimate of 2,264 was given for the
period from 15 April-30 May. The value of 2,276 has a range of uncertainty

of approximately (-481 to +60l) around the value, and will be further
adjusted as results of bias analysis dictate.
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nunber of bowhead whales migrating northwardly past Pt. Barrow,
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Figure 4. Conparison anong years (1976-1978) of observer effort (total
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wat ched were: 1976= 37.0% 1977= 35.8% 1978= 86. 7%
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stationed thenselves near Eskino whalers. In that vicinity, the lead is
generally 11-32 km in width, whereas inmmediately northwest of Point Barrow,
where the 1978 canps were located, the lead width is generally 1-11 km

wi de. During 1978 the lead was open wider than 0.5 km approxi mately 94%
of the time providing us with an unusually leng time period to watch for
whales. The nedian as well as nmean (of means) lead width, 23 April to

1 June 1978, at Barrow as 3.70 km({(SD = 2,94, n “38) as calculated from
data in Brueggeman (1980). A lead width of 5 kmor less is considered

i deal for viewing bowheads.

Anot her inportant factor contributing to a higher count during 1978
was the increase in observer effort. The 1978 observer schedul e called

for two observers per 3-hr rotating watch; in previous years single
observers rotated every every 4-hr.

Chservers at South Canp conducted all watches from an unusually high
perch (ice ridge) in 1978. Height of the eye at South Canp was approxinmately
11.8 m above sea | evel yielding a view to the horizon of 10 km OCbservers
in 1976 and 1977 were |ocated on young ice with eye height of 2-4 m
yielding a view to the horizon of 4-6 km

Cape Lisburne - Point Hope

Counts of bowhead whales were nade 6-16 May 1977 at Cape Lisburne,
A laska. This was a feasibility study which resulted in 54 bowhead whal es
counted during 72 hours of watch. Based upon results of the 1977 study,
a full scale counting study was conducted 2 April-7 June 1978 (Rugh and
Cubbage 1980). Results of that study indicated that: 1) spring migration
of bowhead whal es past Cape Lisburne commenced during the latter half of
April; 2) bowheads generally pass Cape Lisburne on a northeasterly course;
3) bowheads usually require 3-5 days to traverse the corridor from Cape
Lisburne to Point Barrow, 4) our counting canps at Point Barrow were
establ i shed before whal es passed Cape Lisburne; and 5) few if any whal es
noved past Point Barrow beyond 1 June. These results, and those from aeri al

surveys, indicated that the 1978 counts made at Point Barrow probably can be
used to estimate total abundance.

Counts of bowhead whal es were nade at Point Hope from 18 april to
28 May 1977. A total of 185 bowhead whal es was ohserved auring 546 hr of
watch. Two waves of nmoverment apparently occurred that year, the first

during late April and early May and the second during the latter half of
May.

AERI AL SURVEYS FOR BONHEAD AND WHI TE WHALES

Approxi mately 75,000 km of tracklines were flown during 96 flights
over the 1975-77 study period. For ease of analysis and reporting, these
surveys have been chronol ogically and geographically ordered into 16 sets

(Appendix 1). Survey results are reported by nonth; no surveys were flown
November-February.
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Statistics presented in figqure captions associated with aerial surveys
are total nunber of whales counted, mean qroup size, and standard deviation
of group size. Whale counts fromthe air were used as a relative indicator
of how many whal es were present in any given area. Goup size described the
nunber of whal es observed in ‘close association” which were counted at any
one moment. When nore whal es surfaced, they were tallied as new sightings.
Thus, nmean qroup size is downward biased since only a subset of the total
group was visible near the surface at any given tine.

March and Apri |
1976

From 15 to 21 March 1976, four surveys were flown in the vicinity of
St. Lawence Island. South of St. Lawence Island thin ice coverage was
extensive. North of the island there was nearly 90%ice coverage and
pack ice was thick. No bowhead whales were observed. \ite whales were
most comon just northwest of St. Lawrence Island (Figure 5).

During the 6-23 April 1976 survey pack ice was thick between lat 64"N
and 65°N in the vicinity of St. Lawence Island. South of lat 64° N pack
i ce was mediumthickness. Ice coverage at this time of year was still
extensive:  70-100% 80% coverage Was nost common. Large expanses of 100%
coverage occurred northwest of St. Mtthew Island. Sout heast of St.
Matthew Island, and in Bristol Bay, sea ice was extensive to the southern
limt indicated by aerial survey tracklines (Fig. 6).

No bowheads were seen duringthe 6-23 April 1976 survey in Bristol Bay
(Figure 6)14/. Three bowheads were observed in the northern Bering Sea,

one on 19 April about 20 km south of Little Dionede Island (Bering Strait),
migrating northeasterly in a |ead.

Wiite whal es were observed npbst often in the region from northwest of
St. Lawerence Island to the Bering Strait during the 6-23 April 1376 surveys
(Fiqure 7). Twenty-five white whales, 18 adults with seven presunmed immatures
(grey skin) were seen on 9 April in Bristol Bay (Figure 7).

1977

In the reqion near St. Lawrence Island, aerial surveys were flown
31 March-3 April 1977 (Fiqure 8). No bowheads were observed in Norton
Sound, but a pair was ohserved southwest of St. Lawrence Island and
another, or one of a pair, observed later in the same area. Two nore
were observed in the |ead just southeast of the BRering Strait.

14/ One bowhead was observed on 9 April 1976 west of the Pribilof

I slands by Patrick McGuire, National Marine Mammal Laboratory, from the
NOAA ship Surveyor.
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Figure S. --Aerial survey tracklines flown in the northern Bering
Sea on 15, 18, 19 and 21 March 1976. No bowheads were observed.
Dots depict the presence of white whales: a total of 39 were

counted with a nean group size of 2.8 with a standard deviation
(s.p.) of 2.3.

98



69

59

57

55

Point Hope

ape Lisburne

Kivalina

Norton
Sound 7

Nunivak - —
4 1. ) o
4 / g Ll
—_
— — [/ =
— . I ‘L : — P v -
t: Pribilof | C_ -7’—'—/ 3 A,»:__
1 Is. ;{ /
1 i s
175 169 163 157

Figure 6. --Aerial survey tracklines flown On
6, 8, 9, 12, 13, 15, 17, 18, 19, 20, 21, 22

Each of the three dots

represent a sighting of a bowhead whale. No

and 23 April 1976.

bowheads were observed bel ow 63°

[ atitude.

99

north

69

6/

65

63

61

59

57

55



69

6/

65

63

61

59

57

55

175 169

163 157

69
;
Chukchi Sea .
@ @ ik
ey

| 65

| 63

59

57

| S A A R N AN T L O L D L |

11 11 ritrtrfrr i1 1|

55

175 169

163 157

Figure 7. --Aerial survey tracklines flown in

the Bering Sea o

n o6, 8,

9, 12, 13, 15, 17, 18

19, 20, 21, 22 and 23 April 1976. Dots depi ct
presence of white whales: a total of 135 were
counted with a mean group size of 5.4 ¢s.D. 6.2).

100



68

66

04

62

+ Chukchi Sea

<t
O

172

Figure 8. Aerial survey tracklines in the northern Bering
and Southern Chukchi Seas 31 March 1977 and 1-3 April 1977.
The two dots represent presence of bowhead whal es: tot al
of 5 whales were sighted with a mean group size of 1%
(s.D. 0.6).
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During the 31 March=3 April 1977 surveys white whales were nost
common north and west of the west end of St. Lawrence Island, and in a
large polynya off the coast of the Seward Peninsula (Fiqure 9).

1976

Results from the 30 April to 14 May 1976 (Figure 10) and the 15 to 31
May 1976 (Figure 11) aerial surveys indicate that the northeast migration
of bowhead whal es along the northwest coast of Alaska (Chukchi Sea) occurred
in the nearshore lead. No bowheads were seen nearshore in the Beaufort Sea

From Fiqures 12 and 13 it is apparent that white whales were nore
wi dely distributed in the Chukchi Sea than bowheads. They were observed
to the northerly linits of nost aerial surveys offshore to approximately
60 km indicating that they penetrate the pack ice even farther north than
bowheads. White whales were also common in the nearshore |ead.

1977

Aerial surveys flown from 11 to 14 My 1977 (Fiqure 14) in the
sout heast ern Chukchi and eastern Bering Seas reveal ed no bowhead whales. It
was not expected that bowheads woul d be observed in the area surveyed from
Norton Sound south.

A herd of white whales was encountered on the 11-14 May survey in
Kotzebue Sound (Figure 14). Six adult white whales were observed in Norton
Sound; eight, including one inmmature, were observed south of Norton Sound.
The trackline |eading south from Norton Sound followed near the fast ice
edge to Nunivak Island. No white whales were observed in the open water
south of Nunivak Island.

The hypot hesis we proposed that spring migrating white whal es use
| eads offshore in the Beaufort Sea (Braham and krogman 1977)1/ is further
substantiated by the fact that white whal es were observed as far as 150 km
north of Point Barrow but not nearshore along the north coast of Alaska in
the Beaufort Sea (example, Fig. 15). The fact that no bowheads were seen is
probably a reflection of fewer animals present nearing the end of their
spring migration (cf. Fig. 3).

June

1976

In early June 1976 the howhead whal e migration along the northwest
coast of Al aska (Chukchi Sea) was still confined to the nearshore Iead.
From Fiqure 16, however, it is evident that few bowheads were present in
the study area. During the 8-14 June (Figure 17) aerial surveys in the
southern Chukchi and northern Bering Seas, two bowheads were observed just
south of the southern limt of the pack ice edge. They may have been waiting
for a lead to open, as the pack ice appeared solid north of their |ocation.
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Figure 10. --Aerial survey tracklines flown in the eastern Chukchi and southern

Beaufort Seas on 30 April and 1,3, 8, 9, 12 and 14 May 1976. Dots
represent presence of bowhead whales: a total of 68 whales were counted
with a mean group size of 1.3 (s.n. 0.86). \hales were observed in the

nearshore lead only in the Chukchi Sea.
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Figure 11. Aerial survey tracklines flown on 15, 19, 20, 22
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whales : a total of 30 whales were counted with a mean group
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Figure 13.--Aerial survey tracklines flown in the eastern
Chukchi and western Beaufort Sea 15, 19, 20, 22, 24, 28 and
31 May 1976. Dots represent presence of white whales: a
total of 289 whales were counted with a nean group size of
6.0 (s.D. 7.4).
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gure 14--- Aerial survey tracklines

flown in the eastern Bering and
sout heastern Chukchi Seas on 11,
12, and 14 May 1977. No bowhead
whal es were seen. Dots represent

presence of white whales: a total

of 272 were counted with a nean
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represent presence of white whales: a total of 26 whales were
counted with a nmean group size of 1.5 (s.D. 2.5).
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Figure 17. --Aerial survey tracklines in the northern

Bering and southern chukchi Seas flown on 8, 9, 10
11, 12, 13 and 14 June 1976. The dot (highlighted
by an arrow) represents two bowheads seen just south
of the ice front. one whale, a large adult, renained
stationary at the surface for the 5-10 mn. period
we surveyed the area.
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By 18-20 June 1976 the bowhead migration along the northwest coast of

Al aska was essentially over; during extensive surveys flown in the nearshore
| eads only one ani mal was observed (Figure 18).

The 1-5 June 1976 survey along the northwest coast of Alaska verified
that white whales were still present in the Chukchi Sea (Figure 19). On
1 June, 153 white whales were observed at lat 70°59'N, | ong 158°41'W. all
other sightings were of 12 or fewer whales.

Eighteen adult white whales were sighted near the nouth of the Yukon
River on 14 June 1976 (Figqure 20). \Wite whales were not encountered
el sewhere during the survey, which suggests that nost had |eft the north

Bering Sea by June and that the Yukon Delta sightings were of a group which
sumers in Norton Sound.

The Chukchi and Beaufort Sea were again surveyed 18-20 June 1976
(Figure 21). Only two sightings of white whales were nmade: 12 adults
were observed at lat 70°39'N, long 161°47'w on 19 June, and 49 adults
with 12 immtures were observed at lat 69°28'N, |ong 164°10'w on 20 June.

Ju ly

No aerial surveys were flown in July 1976, 1977, or 1978.

August

Aerial surveys were flown from 17-26 August 1976 over open water
(Figure 22). Four bowhead whal es were observed together on 19 August east
of Point Barrow.

Sighting records of bowhead whales from other ocseEap contractors have
been sent to us. In August 1975 Carleton Ray (Johns Hopkins University,
Balti more, Md, Pers. commun. 21 January 1978) sighted 74 bowheads nort heast
of lcr Cape (shout lat 70”34’ N, long 161°00'w). Ray’s data and ours from
1975 suggest that at |east sone howheads may not have been able to conplete
their migration into the Beaufort Sea that year because of the heavy pack
ice that year. Ice did not restrict their migration however in 1976-1978.

Seven white whal es were observed during the 17-26 Auqust 1976 survey
(Figure 23). Five were observed in Norton Sound, none wererseen in the
Chukchi Sea, and two were seen in the north central Beaufort Sea.

Sept enber and Cct ober

During the 20-26 Septenber 1976 survey an aqgregation of bowhead whal es
was observed nearshore from Smith Bay to Point Barrow (Figure 24). The
hi ghest count was 47 on 21 Septenber. Several animals were observed to be
stationary at the surface with their nouths open; they appeared to be feeding.
The area between Smith Bay and Point Barrow may be a staging area for

m grating whales and/or an inportant feeding location during years of high
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gure 19. --Aerial survey tracklines flown in the eastern Chukchi and
western Beaufort Seas on 1, 4, and 5 June 1976. Dots represent presence
of white whales: a total of 177 were counted with a nean group size of
11.1 (s.D. 32.0).
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Figure 20. --Aerial survey tracklines flown in the
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Fiqure 21. Aerial survey tracklines flown in the eastern Chukchi and
western Beaufort Seas on 18, 19, and 20 June 1976. Dots (highlighted
by arrows) represent presence of white whales: a total of 73 whales were
counted with a nmean group size of 36.5 (5.D. 34.6)
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Figure 22--- Aerial survey tracklines flown in the northern Bering,
eastern Chukchi and western Beaufort Seas 17, 18,
22, 23, 24, 25 and 26 August 1976 during bird surveys conducted
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Figure 23. --Aerial survey tracklines flown in the northern Bering,
Chukchi and western Beaufort Seas during bird surveys conducted
by the U.S. Fish and Wldlife Service on 17, 18, 19, 20, 21, 22,
23, 24, 25 and 26 August 1976. Dots represent presence of white
whales: a total of 7 whales were counted with a nean group size

of 1.2 (s.pD. 0.4).

118



163 157 151
23 | e R EEEE
H B
— L1
—t——) .’\ e ]
N \\_ : Beaufort [T
T a 3‘ Sea p—t-
71 |7 chukchi sea “D‘O‘ y} 5-/‘, @ -
_ AN A il
[— n “ DQG
= v (1Y -,
- . q ° |
’ te
" » - 3 et
13 9 5 ' L
T ] Ll
'14-—-
I ! T

163

Figure 24. --Aeri al

157

151

survey tracklines flown in the eastern Chukchi

and western Beaufort Seas on 20, 21, 22, 24 and 26 Septemnber

1976.

Dots represent presence of bowhead whal es:

a total

of

102 bowheads were counted with a nmean group size of 2.7 (s.D.

3.5).
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invertebrate production. It is likely these animals, and perhaps nore,
summered in this region in 1976. A few Eskino whalers from Barrow have
told us that this is not an uncomon occurrence. Tracklines were flown
of fshore during this period in 1976 but no bowheads were observed.

Results were inconclusive as to whether or not bowheads congregate
every year nearshore east of Point Barrow. During a 12-22 Septenber 1974
aerial survey by Fiscus and Marquettel3/ many bowhead were observed near
Cape Sinpson; the highest count, 57, was nmmde on 18 Septenber 1974. During
the 26 August-13 Cctober 1977 survey, however, only seven bowheads were
ohserved in the area (Figure 25). O significance, though, was that nost
of the 1977 sightings were nade offshore, probably of whales on their return
mgration fromthe Beaufort into the Chukchi Seas.

Although the data are sparse, they indicate that bowheads nove west and
south in Septenber. W have, as does C. Ray, sightings that place bowheads
at three locations during Septenber: 1) east along the northern coast of
Alaska to within 100 km of Point Barrow 2) south of Barrow aleng the coast
to Peard Bay lat 70°50'N, | ong 158°30'w; and 3) west of Point Barrow sone
100 kminto the Chukchi Sea.

One white whale was observed during the 20-26 Septenber 1976 survey
(Figure 26). Eighty-nine white whales were observed on the 26 August-
13 Cctober 1977 survey (Figure 27). The westward migration of white whales
past Point Barrow appears to be predominantly offshore.

No howheads were seen on the 9-14 Cctober 1975 survey conducted over
the southern Chukchi and northern Bering Seas (Figure 28). A Berzin (TINRO,
Magada, USSR, Pers. commun., 14 February 1979) reported seeing howhead whal es
near the Soviet coast of the Chukotka Peninsula during surveys conducted in
Cctober 1974 and 1975 (Figure 29). H's sighting (in Figure 29), comercial
whaling records (Figure 2), and our results reported in Johnson et al. (1981)
indicate that at |east sone, and perhaps nost bowheads migrate to the northern
coast of Siberia in the autum before moving south through the Bering Strait
and into the Bering Sea to their wintering grounds.

Twenty large, apparently adult bowheads were observed north of Point
Barrow at lat 71°N between long 156° and 157°w on 22 Cctober 1978 (Savage
1978)18/. The animals were following a large slow noving ice floe and
appeared to be feeding. As ice appeared to cover the Beaufort Sea east of

15/ Fiscus, C. H, and W M Marquette. 1975 * National Marine
Fisheries Service field studies relating to the bowhead whale harvest in
Al aska, 1974. Processed rep., 23 p., Natl, Mar. Mammal Lab., Northwest
and Alaska Fish. Cent., watl. Mar. Fish. Serv., NOAA, 7600 Sand Point Wy
N E., Seattle, Wash. 98115.

16/ savage, S. 1978. Distribution of B. nysticetus and D. leucas
in the Beaufort Sea, October 1978. Unpubl. manuscr., 11 p. Matl. MAr.
Mammal Lab., watl. Mar. Fish. Serv., NOAA 7600 Sand Point Way N. E.,
Seattle, Wash. 98115.
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Figure 25. Aerial survey tracklines flown in the eastern Chukchi and
western Beaufort Seas on 26 and 29 August 1977, 1, 5, 8, 10 and 14
Septenber 1977, and 3, 6 and 13 Cctober 1977. Dots represent presence
of bowhead whales: a total of 7 bowheads were counted in Septenber and
Octcper With a mean group size of 1.2 (s.p. 0.4). No whales were observed
i n August 1977,
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Figure 26. --Aerial survey tracklines flown in the eastern Chukchi
and western Beaufort Seas 20, 21, 22, 24 and 26 Septenber 1976.
The dot (highlighted by an arrow) represents one white whale seen.
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Figure 27. Aerial survey tracklines flown in the eastern cChukchi and

western Beaufort Seas on 26 and 29 august 1977, 1, 5, 8, 10 and 14
Septenmber 1977, and 3, 6 and 13 Cctober 1977. Dots represent presence
of white whales: a total of 89 were counted with mean group size of
4.0 (s.p. 3.5). Al but three of the 89 were observed on 10 and 14
Sept enber.
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| ong 152°w on this date, Savage felt that these sightings were made near the
end of the autumm westward migration. Details of the few other sightings
made in Cctober 1978 and the unsuccessful aerial survey effort of the area
around Prudhoe Bay in Septenber 1978 are reported in Braham et al. (1980b).

DI SCUSSI ON AND REVI EW

VESTERN ARCTI G- BERI NG SEA POPULATI ON OF BOWHEAD WHALES
Di stribution and Migration

Bowhead whal es of the western Arctic-Bering Sea stocks occur seasonally
fromthe west central Bering Sea northward aleng the coast of Siberia and
around St. Lawrence |. in the northern Bering Sea, throughout the Chukchi
Sea and in fewer nunbers in eastern East Siberian Sea, and eastward
throughout the U S. Beaufort Sea to Banks |sland and Amundsen Qulf,

Nort hwest Territories, Canada (Figure 1).

The exact location of the wintering area for bowheads is not known, but
the western and central Bering Sea appear to be the nost probable location
(Sleptsov 1961; Dur ham 197219/; Braham and Krogmanl/; Braham et al. 1980c).
Results from our icebreaker survey in March and April 1979 indicated that
bowheads winter in the west central Bering Sea pack ice (Braham et al. 1980b).
Comments nmade to Braham by A. Berzin, (TINRO, V| adi vostok, USSR, Pers. commun.,
14 February 1979) indicate that in some years a few howheads may wi nter in open
water in the Qulf of Amadyr. The waters around St. Lawence Island are occupied
intermttently by bowheads, dependent upon open water, from approximately
Decenber to April {Braham et al. 1980a, .b). Past whaling records and reported
observations by Al askan Eskinobs support the hypothesis that bowhead w nter
distribution is south and west of St. Lawrence Island to the pack ice front
and perhaps further south into open water. Townsend s (1935) records of
bowhead whal e catches and recent data from Bockstoce and Botkint2/ show
t hat large nunbers of whal es were taken from Cape Olyutorskiy north to the
Qul f of Anadyr, USSR, and adjoining waters during early spring and sumrer
during commerci al whaling when bowheads were nore abundant than now. Few
whal es were taken or have been observed in the eastern Bering Sea, despite
extensive aerial and shipboard surveys. O those sightings in the eastern
Bering Sea over the Continental Shelf, mbst were in the vicinity of the
Pribilof Islands (Townsend 1935) and St. Matthew Island (Hanna 1920; Braham
et al. 1980a). In April 1976, at |east two bowheads were seen in outer and
southern Bristol Bay representing the nost southeastwardly sighting of the
speci es (Figure 29).

The northward spring migration of the howhead whal e fromthe Bering Sea
is timed with the breakup of the pack ice (Bailey and Hendee 1926; Foote
1964; L7/ Nishiwaki 1967; Durhami®/). This generally occurs in April
(Sleptdov 1961) or earlier in a mld ice year (as in 1979). At that tineg,

17/ Foote, D. C. 1964. Cbservations of the bowhead whale at Pt. Hope,
Al aska. Unpubl, manuscr., 73 p. Available on loan at the wWatl. Mar. Mammal
Lab., WNatl. Mar. Fish. Serv.,K NOAA, 7600 Sand Point Way N.E., Seattle, Wash.
98115.
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nost whal es travel north through the Strait of Anadyr, between St. Law ence
I sland and Chukchi Peninsula, continuing north by northeast through the
Bering Strait probably on the Soviet side, west of Biq Dionede Island (Braham
et al. 1979). During an "average" ice year, apparently few animals nigrate
through the eastern half of the northern Bering Sea--heavier ice usually
occurs there than to the west. Even so, Eskinmp whales at Wil es periodically
t ake bowheads along the Al aska coast near the Bering Strait (Marquettel3/;
Johnson et al. 1981). Mst of the migrating animals have passed through
this corridor between St. Lawrence Island and the coast of the Chukotka

Peni nsul a by nid-Muy (Bailey and Hendee 1926; Foote 196417/; purhamd®/;
Burgess 197318/; Braham and Xrogmanl/; Braham et al. 1979, 1980a).

Upon entering the Chukchi Sea the migration i s northeasterly across
outer Kotzebue Sound in |eads occurring in the flaw zone. A few whales
move into a polynya that characteristically fornms between Kivalina and Point
Hope, but npbst whal es move past Point Hope sone offshore to 45-90 km (Braham
et al. 1980c). A few whales might miqgrate into the western Chukchi Sea in
spring; however, this is unlikely as pack ice is extensive with few | eads
north of the cChukotka Peninsula (Brahamet al. 1979; G Fedoseev, Pacific
Scientific Research Institute of Fisheries, Cceanography, Magadan, Nagaevskava,
51, 685013, USSR, Pers. commun., 28 February 1977). Apparently, Siberian
Eski nbs living along the north side of the Chukotka Peninsula did not hunt
bowheads in the spring as did their counterparts along the east side of the
Peninsul a (A. Berzin, Pers., commun., 14 February 1979).

Proceeding northerly on a heading of 10-20° magnetic {Braham et al.
1980b) bowheads foll ow open leads north past Cape Thonpson and Point Hope
and then northeasterly to Cape Lisburne and Point Barrow. The mgration
past Cape Lishurne seens to follow two or nore corridors, depending on the
nunber of |eads, 2-10 km of fshore; sightings have been nade to 15 km of fshore
(Rugh and Cubbage 1980). No bowheads have been observed in offshore |eads
bet ween Point Lay and Point Barrow during 4 years of aerial surveys, even
though aerial survey tine has been split equally between offshore (to 100
km) and nearshore coverage (Braham and Xrogmanl/; Braham et al. 1979, 1980a, b),
The majority of bowheads have usually passed Point Hope by nid-My (Footel’/;
Johnson et al. 1966) and occur in peak numbers at this tinme at Point Barrow
(Maher and wilimovsky 1963; Fiscus and Marquette 197515/; Braham and Krogmanl/;
Braham et al. 1979, 1980a). The migration along the northwest coast (Bering
Strait to Point Barrow) essentially covers the period md-April to early
June, with a few whales mgrating by thereafter.

Previous authors and nunerous Eskim whal ers describe the howhead
mgration as occurring in three waves or pul ses of whales that pass by the
nort hwest coast each spring (Footel’/; Marquettel3/), Examination of
Figure 3 confirms that at least two pul ses of whales migrated past Point
Barrow in 1976, 1977, and 1978. These pul ses appeared to occur in late april-
early May and again near mid-May. A third pulse may occur in late My or
early June; but our data either do not support this or are inconplete.

18/ Burgess, S. 1973. Marine manmal phenology in western St.
Lawrence Island waters.  (Abstract. ) In proc. p. 49. 23rd Al aska Sci. Conf.,
August 15-17, Fairbanks, Al aska piv., Aner. Assoc. Advancement Sci.
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The significance of this himedal, or trimodal, distribution is not clear,
but Eskinmo whalers associate it with age, sex and/or segregation of cow-
calf pairs fromother adults in the population. This cannot be confirmed
from sightings and harvest data collected between 1975 and 1980.

From Point Barrow the whales travel northeasterly into the Beaufort
Sea to Banks Island and Anundsen Qulf, Canada, some by early My (Braham
and Krogmanl/; Fraker et al. 1978; Brahamet al. 1979). Leads do occur
closer to shore, but no whales were seen in them (Figqures 10, 15 and 18),
nor are the nearshore |eads extensive. Further evidence in support of the
hypot hesi s that bowhead and white whal es migrate offshore in the Beaufort
Sea in the spring i ndependent|ly proposed by Braham and Krognan (1977)Y/
and Fraker (1977)1%/ is reported in Braham et al. (1979, 1980b). The
portion of the popul ation which enters Canadian waters conpared to the
nunber passing Point Barrow i s unknown. In the Canadi an Beaufort Sea
bowheads remain from May until |ate August or Septenber (Cook 1926;
Townsend 1935; Footel?/; Sergeant and Hock 1974; Fraker et al. 1978)
bef ore heginning the return autum migration west. From June to Septenber
bowheads are reported to frequent Amundsen Gulf, Franklin Bay, Coronation
Gulf, the east side of the Mickenzie Delta, and various areas south of
Banks |sland (Cook 1926; Townsend 1935; Anderson 1946; Porslid 1950; Hohn
1958; Sergeant and Hock 1974; Allen 1978; and Fraker et al. 1978).

In August and Septenber bowheads begin to |eave the eastern Beaufort
Sea on their autum nigration back to the Bering Sea (Cook 1926). The
whal es travel west in the southern Beaufort Sea, where they are hunted
during September and Cctober by Al askan Eskinmos from Kaktovik, Nuigsut,
and Barrow (Brewer 1942; Maher and Wilimovsky 1963; Marquettel3/). \Wal es
traveling this route have been sighted or harvested near Herschel Island
(Cook 1926; Townsend 1935); Barter Island (Marquette.l;;_/), Cross Island
(T. Brewer, Barrow, Al aska, Pers.commun., 4 October 1977); Colville River
and Harrison Bay (Brewer 1942); and, Cape Sinpson and Plover |slands (Braham
and Kroqman_l_/; A Brewer, Barrow, Al aska, Pers. commun., 19 May 1978).
Their spatial distribution from the shore to the pack ice during the autum
mgration is not known, but it is likely to be dependent on ice conditions,
food availability, and water depths. Sightings nade in the Beaufort Sea
since 1974 (Figure 30) indicate that bowheads are distributed from shallow
coastal waters to the pack ice. The nunerous sightings i n shal |l ow water
from Point Barrow to Snith Bay (Figure 30) seemto confirmthe inportance of
the nearshore areas to this species in the western Beaufort Sea.

From Point Barrow the aninmals appear to nove westerly to Herald Shoal
and Heral d and wrangel |slands (Cook 1926); Townsend 1935; Bockstoce 1977),
then south through the Chukchi Sea into the Bering Sea. There is speculation
by Soviet scientists that howheads pass to the Bering Sea by traveling the

19/ praker, M. A 1977. The 1976 white whale nonitoring program
Mackenzie Estuary, N.W.T. Inperial Ol Ltd. Unpubl. rep., 73 p. F. F.
Slancy & Co., Ltd., Vancouver, B. C., Can.
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the western chukchi Sea. Some aninmals appear to nove sout hwest along the
nort hwest coast of Al aska past Point Barrow to the Bering Strait, but this
probably varies with weather and ice conditions. Mst in the popul ation
mgrates to the north side of the Chukotka Peninsula before entering the
Bering Sea (Fiqure 2; Townsend 1935; Johnson et al. 1981). Johnson et al.
(1966) and . Durham (University of California, Los Angeles, Pers. commun.,
21 Septenber 1978) believed that the fall migration through the Chukchi Sea
followed an offshore passage, since bowheads were not seen at Wainwright,
Cape Thonpson, Point Hope, or Xivalina in the autumm during their studies.
Bowheads generally enter the northern Bering Sea in Novenber and Decenber,
although sonetimes they are seen in late Septenber, arriving in central
Bering Sea wintering areas in Decenber-February (D. Harry and C. Qozeva,
Gambell, Al aska, Pers. commun., 25 July 1978 and 25 February 1979,
respectively).

Life History and Associated Information
Reproduction

Facts about the reproductive biology of the bowhead whale are scant,
though i nformati on gathered on animals harvested by A askan Eski nbs has
provi ded opportunities to study this species’ reproductive cycle. A sumary
of some estimated reproductive life history data are reported in Table 2

Sexual maturity is reached when animals attain lengths exceeding 1100 cm
purhaml®/ (1979) reported that males attain sexual maturity at 1,158 cm (38
ft) and females at 1,220 cm (40 ft) at 4 years of aqe. Marquettel3/ noted
that two fenal e whal es taken at Barrow, one acconpanied by a newborn calf and
the other containing a fetus, neasured 1,525 cm (50 ft) and 1,730 cm (56 ft
6 in) long, respectively. From the presence of corpora albicantia in ovaries
of 12 whal es harvested in 1978 and 1979, sexual naturity in females may be
reached at about 1,200 cm (prelimnary findings); and adult femml es are larger
than mal es (Johnson et al. 1981). Age, and length at first pregnancy,
however, is unknown.

The mating period of the bowhead whale is not well known. Durhaml®/
mai ntained that mating occurs in early April before the whales reach Point
Hope . Footel?/, however, observed what appeared to be copul atory behavior
in May, as whal es passed Point Hope. Copulatory behavior was also reported
by Krogman (1979) and Everitt and Xrogman (1979) in My north of Point Barrow
Mating behavior of Atlantic bowheads was reported in late summer (Scoresby
1820 ) . Possible copulation was witnessed on 16 March 1979 west of St.
Matthew |sland (Braham et al. 1980a). Mating may therefore occur fromlate
winter to summer, with spring (April-June) being” the nore probable peak
period.

CGestation is estimated to last 1 year. Scoresby (1820) believed that
bowheads have a 9-10 nonth gestation period, while Eschricht and Rei nhardt
(1866) believed it to be 13-14 months. Durham (1980)10/ reported from
observations of harvested bowheads taken at Point Hope and Barrow that the
gestation period is 12 nonths. The actual length, however, is still
unknown.
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TARBLE 2. --Sunmmary of some estimated reproductive life history data for

bowhead whal es.

Life history
par anet er

Par anet er
val ue

Area data
col | ected

Ref er ence

Sexual maturity
Mal es
Femal es

Calving and
mating period

Gestation

Lacation

1lm
12 m

Mar ch- May

Mar ch- June

April
April-June

April - August

May
May- Jul y

9-10 no.
12 no.
13-14 mo.

5-6 no.
12 no,
711-851 cm

(calf length)

Chukchi Sea
Chukchi Sea

No. Atlantic

Bering to Beaufort

Seas

Chukchi Sea

Chukchi Sea

Western and
eastern Arctic

Chukchi Sea
No. Atlantic
No. Atlantic

Chukchi Sea
No. Atlantic

Beaufort Sea
No. Atlantic

Durham!'0/(1979 )

Dur ban@ (1979 );

Johnson et al.
(1981)

Eschricht and
Rei nhardt (1866)

Braham and Krogmanl/;

Brahamet al. (1979,
1980a); Everitt and
Krogman (1979)

Durhamlgf

Maher and Wilimovsky

(1963); Marquette
(1976)

Sumari zed in
Marquettelé/

Footel?/

Gray (1886)

Scoreshy (1820)
Dur ham (1980)
Eschricht and

Rei nhardt (1866)

Marquetteli/
Slijper (1962)
Tomilin (1957)

131



oy,

The calving period is reported to correspond with the time of mating--
early spring to early summrer. Cows with cal ves pass Point Hope and Point
Barrow from md-April to early-June (Maher and wilimovsky 1963; Marquette
1976; Braham et al. 1979). Whalers in the eastern Arctic reported seeing
apparent cows with calves from early May to July (Gay 1886). Durhami®/
believed that bhowhead whales in the western Arctic calve in early April.
Eschricht and Reinhardt (1866) in the eastern Arctic Canada reported
calving occurred fromlate March to early May. Most researchers agree
that a single calf is born.

Although recognizing that parturition has never been observed, our
scant sightings of cal ves indicates that bowheads probably give birth in
spring, perhaps a few before (February-March) but nost during miqration
(April-June). Marquette/, summarizing the known data on calving, provides
information that howheads may calve from April through August. Cbservations
of calves in the spring (Braham et al. 1979, 1980c} and apparent copul atory
behavior in the late winter (Braham et al. 1980a) and spring (Everitt and
Krogman 1979) with no sightings reported for the autum, also indicate that
the peak period of mating and calving is March-June, with few cal ves being
born in sunmer or autum if any.

The length of newhorn calves has been neasured at 305-460 cm (10-15 ft)
(Scoresby 1820; Durham 1980). Bodfish (1936) estimated the |ength of
newborns at 305-366 cm (10-12 ft); Eschricht and Reinhardt (1866) reported
lengths of 366 to 396 cm (13-14 ft). An apparent newborn calf taken at
Barrow 20 May 1954 was neasured by Eskinmps at 300-350 cm (10-12 ft)
(Marquettel3/), According to these findings the average length of a
newhorn howhed Whale is about 360 cm (12 ft). One bowhead calf with attached
umbi licus taken at Barrow in 1971 or 1972, was estimated (no neasurenents
made) by resident Eskino whalers to be about “20 ft” 1leong, or 615 cm (O
Leavitt and J. Adams, Al aska Eski nb whaling Conmi ssion, Barrow, Al aska,
Pers. commun., 15 May 1978). This is unusually large for a newborn, if
the estimate was accurate.

Information on the duration of the lactation period in bowheads is
scant and variable. Slijper (1962) reported the lactation period to be
12 months. Marquettel3/ stated that since lactating femal es have not been
recorded in the autum take near Barrow, lactation may last only 5 or 6
months. Tomilin (1957) reported that lactation ends and cal ves are weaned
at a length of 711-851 cm (23-28 f£t). Al though inconclusive, it appears
t hat bowheads have a 6-12 nonth lactation period. Since yearlings are not
seen in very close association with adults in spring, it seemg unlikely
that lactation lasts one year. Lactation in gray whales |ast approximately
4 nonths (Rice and Wolman 1971).

Based on the estinated lactation and gestation periods, the cal cul ated
calving interval for female howhead whales is at least 2 years and nmay indeed
be longer. Large, long-lived mammals are characterized in having calving
intervals of more than 2 years (Fowler and Smith 1973; Goodman 1978).
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Food Habits

Nemoto (1976) classified the bowhead whale as a bottom skimmer, and
al t hough individuals have been observed feeding in shallow waters, bowhead
probably feed throughout the water colum. A conprehensive study of bowhead
feeding has not been conducted; however, the small data base fromthe
available Literature indicated that pelagic arthropods (euphausiids, mysids,
pteropods, copepods, and anphipods) are the prey species nostly taken, and,
to a | esser extent, annalids, molluscs, and echi noderns (Mtchell 1975;
MarquetteS/; Lowy et al. 1978). Johnson et al. (1966) exami ned the
stomach contents of three bowhead whal es taken by Point Hope Eskimps in
the spring. The stomachs were enpty and the third contained fragmentary
remai ns of polychaetes, reptantia, gastropod, crustaceans, echinoides, and
sand and gravel. Lowy et al. (1978) analyzed the stomach contents of two
bowhead whal es taken at Point Barrow in the fall of 1977 and found that
t oget her they contained (by volune) 90.3% euphausiids (Thysanoessa raschii),
6. 9% gammarid anphi pods (Gammarus zaddachi , Acant host ephei a behri ngi ensi s,
Monculoides zernovi, and Rozinante fragilis) and 2. 7% hyperiid amphipeds
(Parathem sto libellula). Five bowheads taken by Kaktovik whalers off
Barter Island autum 1979 had primarily euphausiids and copepods (Calanus
spp.) in their stomachs (Lowy and Burns 1980). A one year study of bowhead
feeding contracted by us to the Al aska Departnent of Fish and Gane, Fairbanks,
determ ned that conpetition for food with arctic cod may be inportant in sone
years if food is linmiting (Frost and Lowy 1981)29/, O the 17 bowhead
whal e stomachs and intestinal tracks examned to date from whales |anded at
Barrow and Kaktovik with discernable prey itens present, the following
proportions in the bowhead diet were: euphausiids - 65% copepods - 30%
hyperid anphipods 1% and all others, primarily including anphi pods - 4%
(see Marquette et al, 1981 for a summary of Frost and Lowr 29/,

Behavi or

Essentially all bowheads progress steadily through the nearshore |ead
during the spring mgration along the northwest coast of Al aska, follow ng
a fairly straight course towards the northeast (20-30° magnetic north).
Since the NWS ice canp studies were initiated in 1976 less than 1% of all
bowheads seen were going southwest in the spring (Carroll and Smithhisler
1980). The rare exceptions occurred when the [ead was obstructed by ice,
or when the whales were resting, feeding (presumably), courting, mating,
or breaching. Mst whales progressed past the ice camp at a rate of 1.9-7.5
kmihr (1.0-4.0 nmi/hr) depending on the direction of the current; this rate
of travel was confirmed by studies at Cape Lisburne (Rugh and Cubbage 1980).

Bowheads do not travel in close associationwith one another. Of 2,406
bowhead observations recorded between 1976 and 1978, 1,815 (75.4% were
singles, 470 (19.5% were in pairs, 10S (4.49% were in groups of three, and

Z{ Frost, K and L. Lowy. 1981. Feeding and trophic rel ationships
of bowhead whal es and other vertebrate consuners in the Beaufort Sea. Final
report to Natl. Mar. Mammal Lab., Contract No. 80- ABC-00160., Northwest and
Al aska Fisheries Center, nMrs, NOAA 106 p. Unpubl. manusc. Al aska Rep.

Fish Ganme, 1300 college Rd, Fairbanks, Al aska 99701.
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16 (0.7% were in groups of 4. There were noticeable peaks during the
course of the migration, sonmetinmes related to ice conditions, but also at
ti mes when the whales had free novement in the [ead.

When bowheads cone to the surface to breathe, they usually break the
water surface from1l to 14 times, with each surfacing (roll) interrupted
by a short shallow dive. Exhalation is not always observed during each roll
A conpleted series of rolls is terned a rise (= total number of rolls visible
during a passage of one whale in front of an observer). The mean nunmber of
rolls per rise recorded from 1975 to 1977 was 6.57 (SD = 3.08; n = 63), while
the mean in 1978 was 6.53 (SI) = 2.84; n = 4l)(Carroll and Smithhisler 1980).

Each time a bowhead rolled it was on the surface for a mean of 4.7 sec
(SD = 2.0)., The average time below the surface between blows (= rolls) was
10.8 sec (SD = 5.2). Fromthis we calculated that the average anmount of
time a bowhead was above the surface per rise was about 31 sec. The average
duration of a rise between the first roll and the sounding dive was 1.5 nmin.

The duration of sounding dives varied from3.0 to 26.7 min. The nean
dive time recorded during the 1975-1977 spring seasons was 15.2 min (sp =
4.4). O 51 dives tined in 1978 the mean was 15.6 mn (SD = 5.2). Conbi ni ng
these with the 1.5 min mean rise time, a tine of 17.1 min was calculated for
the conplete cycle. On the basis of these data, we estimate that during
their migration near Barrow, bowhead whal es were visible above the water
surface 3.1% of the time within the field of view of our ice canp observer(s).
Using the same basic calcul ations, bhowheads were visible to aircraft
observers for approximtely 8.4% of the time they were under observation.

The surfacing pattern of a cow and calf pair seens to be related to the
calf's activity. O three cow and calf pairs tinmed, nean dive tine was 6.6
mn (range 5.9-7.0 rein). Calves often blew two tines during each roll. Very
smal | calves were seen during the migration, usually traveling very close to
the acconpanying adult. W judged these calves to be recently born

Bowheads move steadily through partially closed |eads by adjusting their
diving and surfacing sequences to the size and location of open water in the
pack ice. They take fewer breaths per rise and nake shorter dives. A whale
coming t0 a small polynya Will roll as many times as it has tine, while
traveling at a normal speed, then dive when it cones to the distant edge

Cccasionally, the ice cover was so conplete that the whales’ progress
was hindered and they were seen milling in polynyas. |t appears that the
whal es dive, search and, if they do not find another polynya close enough
return to the original hole. Sea ice is nore flexible than fresh water
i ce and both bowheads and white whales push up on the ice to breathe,
form ng hummocks. Bowheads have been heard exhaling under the ice when no
apparent open water is available (Eskino whalers, Pers. commun., 1976-1979).

L}

Apparent |y bowheads are not always successful in finding open water
nor in being able to lift pack ice to breathe. Tomilin (1957) and Southwell
(1898) both cited instances of bowheads perishing in the ice, and Sleptsov

(1961) stated that there was a mass nortality of several dozen bowheads in
Karaginsky Bay in 1932. Cook (1926) al so reported bowheads perishing under

ice during the autum in the Beaufort Sea. Unfortunately, the details of
these events were not reported.
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Bowheads do not seem habituated to small boats. An outboard will cause
a bowhead to vacate an area. The nornmal reaction to being pursued is docile
escape . |f a bowhead is injured, it will often dive under the ice. Reaction
to airplanes flying overhead seens mxed. Few whales have reacted vigorously
to our presence when we fly between 130-300 m On a few occasions we have
fl own above whales at 65 m w thout obvious disturbance (cf. photos in Everitt
and Krogman 1979 where altitudes were down to 65 m. In 160 encounters using
a Coast Cuard helicopter and flying at elevations below 300 monly 17 (11%
bowheads appeared to react noticeably to the aircraft noise. The sane results
occurred at altitudes down to 130 m (Braham et al. 1980a). It appears then
that fright reaction to noise varies greatly, depending upon the source, tine
of year, environmental conditions, and activity of the animals. Surface noises

in water appear to cause nore frequent fright reactions by bowheads than noises
originating above themin the air.

Qccasional |y bowheads show considerabl e exuberance. W have observed
t hem breaching, tail |obbing, flipper slapping, swinmi ng on their back and
sides, and denonstrating other behavior. Along with nunerous tail |obs and
flipper slaps, a whale seen off Point Hope in 1977 breached 57 times in 96
mn. W do not know the significance of these kinds of activities, but they
may indicate a communi cator function (Rugh and Cubbage 1980).

During the autumm migration bowheads may travel in larger groups than in
spring. Goups of 2-30 animals have been recorded in the Canadi an Beaufort
Sea (Sergeant and Hock 1974), and several groups up to 20 animals each were
seen in Septenber of 1974 and 1976 east of Point Barrow.  Unfortunately, the

conposition of these qroups or their specific activities during the fall
migration are not known.

VWHI TE WHALES | N ALASKA

Abundance and Distribution

White whal es of the northeastern North Pacific QOcean occur fromthe
Qulf of Alaska westward to the Bering Sea, northward through the Chukchi
Sea, and eastward into the Beaufort Sea (xlinkhart 1966, Scheffer 1972) and
west into the East Siberian Sea {(Kleinenberg et al. 1964).

The Qulf of Alaska popul ation or stock2l/, an estimted 300-500 animnals,
appears to remain in or near Cook Inlet year-round (Brooks 1963; Klinkhart 1966;

Scheffer 1972; Alaska Departnent of Fish and Game 197522/, Harrison and Hal |
1978).

21/ "stock", a5 defined here, is a geographic sub-unit of a Iarger
i nterbreeding popul ation.

22/ A aska Department of Fish and Game. 1975. [Untitled.] Unpubl.
manuscr. , 8 pP. Alaska Dep. Fish. Gane, Juneau.
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Mirray and Fay (1979)23/ found few aninmals present during the winter nonths.

Wiite whal e sightings have been nade, however, in the Qulf of Al aska
beyond the boundaries of Cook Inlet. Harrison and Hall (1978) docunent the
sighting of a single animal in Prince WIlliam Sound in March, and near
Kodiak Island in March and July. cCalkins and Pitcher (1977)24/ report a
| ate May sighting of 21 white whales in Yakutat Bay. They have been sighted
as far south as Washington state (Scheffer and slipp 1948), although this is
certainly beyond their normal range. The population in Cook Inlet and Qulf
of Alaska is believed to be |ocal and separate from Bristol Bay and Bering
Sea popul ation(s). Even though the Alaska Peninsula is evidently a barrier
to the movenent of these animals fromthe Gulf of Alaska into the Bering Sea,
it seens plausible that interbreeding occurred in the recent past.

Wiite whales occurring in the Bering Sea conpose resident (or at |east
local to a defined area) and nmigratory groups. A mninum of 1,000-1,500
has been estimated to occur in the Bristol Bay-Kuskokwim Bay area throughout
the year (Al aska Departnent of Fish and Game 1957, 197522/; Klinkhart 1966).
An additional, but unknown, nunber are thought to winter in the Bering Sea
north of Bristol Bay. These animals apparently migrate into eastern Siberian
and western Canadian waters in late spring and sumer (Al aska Departnent of
Fish and Game 1955; Kleinenberg et al. 1964; Sergeant and Hock 1974; Braham
and Krogmanl/; Frakerl9/). An unknown portion of these migratory aninals
sumer in the Norton Sound-Yukon Delta area {(Figures 20 and 31), while
others continue north through the Bering Strait (Scheffer 1972; Fay 1974).

Wiite whales in the Chukchi Sea seemto be largely transient. Mst
m grate between the Bering and Chukchi Seas. An unknown number summer in
Kot zebue Sound, particularly in Eschscholtz and Spafarief Bays, and others
along the northwest coast. Wite whales have been reported in the southern
Chukchi Sea in February (C. Ray, Pers. commun., 20 April 1976), which nay
mean that some overwinter in the Chukcht Sea as well as the Bering Sea.

The Beaufort Sea probably serves mainly as a summer feeding area for
white whales mgrating from the Bering and Chukchi Seas. Over-wi ntering
in the Beaufort and Chukchi Seas, should it occur (Bailey and Hendee 1926)
woul d nmost |ikely be associated with the occurrence of some open water
during mild ice years.

The Bering Sea popul ation of white whales in 1976 exceeded 8,000. Sone
6,000 migrants from U.S. waters were estimated in the Canadian Beaufort Sea
(Frakerl3/; Fraker et al. 1978) at the same tine that over 2,000 aninals

23/ Murray, N. K, and F. H Fay. 1979. The white whal es or belukhas,
Delphinapterus leucas, of Cook Inlet, Al aska. Unpubl. manusecr., 6 p. Coil.
Environ. Sei., Univ, Al aska, Fairbanks, Al aska 99701.

24/ calkins, D., and K. Pitcher. 1977. Unusual sightings of narine
mammal s in the Gulf of Alaska. (Abstract.) |n Proc. Second Conf. Biol.
Mar. Manmmal s, San Diego, Calif., 12-15 Dec., 1977, p. 53.
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Figure 31. --Sightings of white whal es during aerial
surveys conducted between the nmonths of March and
Septenber, 1975-1977. Over 400 sightings were
made of approximtely 2,000 white whal es.
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were estimated in U S. waters along the northwest coast of Al aska (Point
Lay to Wainwight), Kotzebue Sound, Norton Sound, and Bristol Bay (J. Burns,
ADF&G, Fairbanks, Pers. commun., 7 Novenber 1977). J. Burns (Pers. commun.)
estimates the Al aska popul ation size of white whales to be near 16,000

i ndi vi dual s.

Mgration

The spring and summer migration route of white whales in the eastern
North Pacific follows inshore and offshore |eads in the pack ice along the
west and north coasts of Al aska, through the Bering and Chukchi Seas and
corresponds closely to the bowhead migration (Braham and Krogmanl/).
Kleinenberg et al. (1964) suggested that as the migrating ani mals nove
through the Bering Strait, sone continue along the north coast of the
Chukotka Peninsula. The bul k of the population follows open |eads east
to Banks |sland in Canada’s Northwest Territories (Braham and Krogmanl/;
Frakerld/; Fraker et al. 1978). Wat percentage of the Al askan popul ation(s)
is represented in the western Chukchi and Beaufort Seas i S uknown, as i s
our know edge of how many white whales fromthe Soviet Union join those in
US waters to mgrate into Canada each spring.

Spring migration occurs from March to early July, when white whales
foll ow leads along the flaw zone throughout the pack ice, using offshore
and nearshore lead(s). Moving north, white whales | eave the Bering Sea in
March and April (Bailey and Hendee 1926; Kleinenberg et al. 1964; Johnson
et al. 1966; Braham and Krogmanl/). Those summering in Canadian Arctic
wat ers pass through the Chukchi Sea in middle to late April (Fiseus and
Marquettel3/; Braham and Xrogmanl/) and cross the Beaufort Sea from May to
June (Sergeant and Hock 1974; Frakerl3/). Braham and Xrogmanl/; Fraker et
al. (1978), and Braham et al. (1979) proposed that the eastbound ni9rants
follow the 30-100 km of fshore (varying annually) oPen lead sYstem northeast
to Banks Island, Northwest Territories, Canada. The animals then move south
along the west side of Banks Island to Amundsen @ulf and on to the Mckenzie
Del ta (Fraker)13/. Wether they migrate directly to Banks Island or to
amundsen Qul f consistently each year probably depends on ice conditions.
The earliest recorded sightings of white whal es near Banks |sland were nade
in md-My (Stefansson 1943; Fraker et al. 1978; Braham et al. 1979); however,
two bowheads were sighted on 8 May 1978, near the northwest tip of Banks
Island (Braham et al. 1979), suggesting that white whal es may reach Banks
Island even before May. R Goose (Holman |sland, Northwest Territory, Canada,
Pers. commun., 23 May 1979) saw 10 white whal es off Holman Island in late
April 1979, earlier than in nost years (1979 was an unusual ice year because
breakup was 1 week-1 nmonth earlier than expected”). Qur prelimnary results
indicate that some white whales precede bowheads in their northward mgration
by perhaps 1-2 weeks, but again, this may vary anong years.

The timng of the autumm migration west from Canada to U S. and Sovi et
waters is not well docunented. Departure from the Canadian Beaufort Sea
commences in August and Septenber (Sergeant and Hock 1974; Fraker et al.
1978) with passage into the Bering Sea in December (Burgessi8/) or during
the time of advancing ice. Wiite whales beqin to appear regularly near St.
Lawence Island in the Bering Sea from Novenber to January and, on occasion,
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as early as Septenber and COctober as do sone bowheads (D. Harry, Gambell,

Al aska, Pers. commun., 25 July 1978). Though scant information is available
on the autumm migration, Fraker et al. (1978) believed that those white whal es
summering in Canadian waters return to the Bering Sea, and that few, if any,
move east into eastern Canadian high Arctic.

Identity of Stocks

From aerial surveys of the Bering Sea and western Arctic Ccean since
1976, a conposite of white whal e sightings was nade (Figure 31). In March
and April white whales were seen noving fromthe west central Bering Sea
along the east coast of Siberia and north along the northwest coast of
Al aska. The novenents of the whales was directional--north. It is not until
May and June, when the pack ice breaks up along the coast, that we began
seeing white whales in areas where they appear to summer: the northwest
coast from Point Lay to Point Barrow, Kotzebue Sound, and Norton Sound.
Sightings of white whales in Bristol Bay in April, My, and June indicate
that these animals may be resident, or return to Bristol Bay after having
moved south with the advancing ice in the winter.

Ani mal s observed in Bristol Bay, Norton Sound, or Kotzebue Sound during
the summer may be either 1) |ate migrants of a single Bering Sea popul ation
that remain in the shallow waters or 2) stocks of an Al askan and or Sovi et

popul ation. It seens inprobable that any major isolation would take place,
because there are no isolating barriers except, perhaps, the pack ice;
however, this is only seasonal. Exceptinig97zand 1978, very few white

whal es have been seen along the northwest coast of Al aska offshore during
the sunmer; some isolation between conponents of the Bering Sea popul ation
thus occurs from wmay to November. Little work has been conducted during

the summer in the U S Arctic Ccean. |f those whal es observed in the southern
and east central areas of the Bering Sea were to intermx with the nain

body of the population to the north, then they could do so for four nonths,
January through April. Wthout knowing the rate of exchange or the frequency
of intermxing among years, it is inpossible to evaluate whether we are
dealing with one, two, or perhaps as many as four breeding stocks of white
whal es in the Bering and Chukchi Seas. \Wite whal es which are harvested by
Al aska Eskims in sunmmer, as in Kotzebue Sound and adjacent hays, as well as
those along the northwest coast shoul d probably be considered separate stocks
because of the timng of harvest occurring sinultaneously with reproduction.

Life History and Associated Information

Reproducti on

The average age at sexual maturity for fenale white whales in eastern
Canadi an arctic waters has been reported to be 5 years, at 270 cm long, or
85% full adult length (Doan and Douglas 1953; Brodi e 1971; Sergeant 1973),
Mal es, on the average, were reported by Brodie (1971) and Sergeant (1973)
to be sexually mature at 8 years of age. Kleinenberg et al. (1964) found
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that female white whales in the eastern Siberian Arctic attained sexual
maturity at an average age of 3, at 247-470 cmin length, conpared to 2-3
years and 380-450 cm for males (Dorofeev and Klumov 1936). Di sagreement
in calculated age at sexual maturity between the Soviet and Canadi an data
may be due to the poor state of know edge concerning ageing nethodol ogy
at the time of the earlier studies.

Cal ving and mating apparently occur simultaneously from May through
Auqust in eastern Siberian and Canadi an waters (vladykov 1944; Laws 1959;
Sergeant 1962, 1973; Xleinenberg et al. 1964; Brodie 1971; Nishiwaki 1972).
Simlarly, Bel'kovich (1960) found that in the Soviet Arctic (Wite to Kara
Seas) calving occurred from mid-June to md-July, later to the east.
Calving in Alaska is believed to comrence in May or June (Klinkhart 1966);
however, young calves are commonly seen by coastal Eskino residents as
early as March. Young of the year and neonatal calves have been seen in
April and May each of the 4 years we have been studying bowheads al ong the
northwest coast of Al aska (Braham et al. 1979, 1980a). Small young of the
year calves were observed by the senior author 100 km north of Barrow on
28 Septenber 1979. Calving may therefore occur into late sumer or early
autum. Mating locations in the eastern Bering Sea are southeast Kotzebue
Sound, Bristol Bay, Yukon Delta-Norton Sound, and along the northwest
coast of Alaska, particularly near Peard Bay.

White whales are reported to give birth nearshore to single calves
averaging 150 cmin length (Doan and Douglas 1953; Sergeant 1962;
Kleinenberg et al. 1964). Newborn calves have been observed in river
estuaries of the eastern Canadian Arctic (Brodie 1969; Sergeant 1973)
and western Canadian Arctic, specifically, the Mackenzie River estuary
(Sergeant and Hock 1974).

Cows are believed to nurse calves for approximately 24 no. Brodie
(1971) and Sergeant (1973) estimated |actation periods of 24 and 21
mont hs, respectively, for white whales in eastern Canadian Arctic waters.

Kl ei nenberg et al. (1964) estinmated the lactation period in Siberian Arctic
waters to be 5-6 nonths.

Gven a gestation period of approximtely 12-15 no. (Vladykov 1944;
Bel'kovich 1960; Xleinenberg et al. 1964; Brodie 1971; Ni shiwaki 1972;
Sergeant 1973) and no nore than a 2-year lactation, and assuming a cow nurses
one calf at a time, the reproductive cycle for white whales could last up to
3 years. Fenmle white whal es have been reported to mate on the average
once every 2-3 years (Degerboel and Freuchen 1935; Brodie 1971; sergeant
1973).

Food Habits

Wiite whales feed on fish, mainly, and invertebrates in estuaries,
smal | streans, and rivers and in bays near the nouths of rivers and on
occasi on, considerable distances up rivers. In these areas they feed
m dwater to the bottom on organisns sel dom found deeper than 50 fathons
(Dean and Dpouglas 1953; Sergeant 1962, 1968; Kleinenberg et al. 1964).
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Prey consuned in the eastern Canadian Arctic (vladykov 1946; Doan and
Douqlas 1953; Sergeant 1973) and Siberian Arctic (Kleinenberg et al. 1964)
are nore thoroughly doucmented than in the western Canadian and Al askan Arctic.
For Hudson Bay-Churchill region Sergeant (1968) reported that the nost conmmon
species of fish consuned by white whales was capelin, a species which spawns
in shallow water close to river nouths, July-August. River fish, ciscos and
pi ke, marine worns, and squid are also taken. In Hudson Bay's \WWal e Cove
area, where capelin do not occur, white whales foraqe primarily on decapod
shrinp (bottom dwellers), Arctic char, Geenland cod, and polar cod.

Sergeant and Hock (1974) reported that prey taken by white whales in
of fshore area of the Beaufort Sea in decreasing order of inportance were
squid, fish, and crustacea. The fish included |ake herring, and possibly
Pacific herring. Fraker et al. (1978) report polar cod and squid to be
comon of f shore species consuned hy white whales in the Beaufort Sea and
Amundsen Qulf. Prey species taken in the U S. Beaufort Sea are unknown, hut
arctic cod is an abundant species in the western Arctic. Wite whales resident
to Bristol Bay and Cook Inlet feed on five species of salnmon, snelt, flounder,
sol e, sculpin, blenny, |anprey, two types of shrinp, and nussels, My to
August (Al askan Departnent of Fisheries 1955, 1956; Al aska Department of
Fish &« Game 1957). Prey taken by white whales in the coastal waters of the
Chukchi Sea vary greatly: saffron cod, sculpins, capelin, rainbow snelt,
arctic cod, herring, whitefish, char, salnon, suckers; and cragonid shrinp,
isopods, snails, octopus, gonatid squid and polychaetes (Lowry et al. 1980).253/

G oup Conposition

Goup size varies seasonally. Large pods congreate in the early spring
until the breakup of the pack ice (Kleinenberg et al. 1964). Once this
occurs they form smaller groups of two to four individuals which spread out
over several Kkiloneters until the summering areas are reached (Kleinenberg
et al. 1964; Prakerl?/). However, larger groups have been observed in
April and May during our aerial studies and at Point Barrow and Point Hope.
On the summering areas the whales assenble into |arge congregations for
feeding and/or reproductive activities (Sergeant and Hock 1974). Later
on, due to the gradual dispersal of food (primary fish), XKlumov (1939)

reported the whales divide into smaller groups and eventually nove toward
the wi ntering grounds.

From a sanple size of 2,002 white whal es observed during surveys since
1976, we calculated that nean group size was 4.8 (sp 0.43, n = 419). The
preponderance of sightings occurred in April and May. The nean group size
estimated is believed to be biased downwards because of a tendency to split
larger “groups” when counting froman airplane. Goup size estimtes made
fromour ice canps at Point Barrow varied from4.8 to 12.4 (no variance

estimate) depending on lead width (extent of water). As open water
increased, group Size decreased.

25/ Lowy, L., K Frost, and J. Burns. 1980. Trophic relationships
among ice-inhabiting phocid seals and functionally related marine mammals in

the Chukchi Sea. Unpubl. final ocseap report, RU232., 58 p. Alaska Dep. Fish
and Game, 1300 College Rd., Fairbanks, Al aska 99701.
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Xleinenberg et al. (1964) further detailed the conposition of groups
with size variation (i. e., 10's or 100's of individuals). In groups of 10,
the animals were normally traveling by twos and threes, some 10 30 m apart.
Wthin these groups of 10 they found that 1) adults always kept apart;
2) adults often formed the majority of the herd; and 3) the few young that
were present remained in the middle of the larger qroup structure. In
groups of 100's, large adult nmales, formng 51.2% of the herd, were followed
by females with calves (Dorofeev and Xlumov 1936; Arsen'ev 1939). Kleinenberg
et al. (1964) report that fenales were often acconpanied by one to three
“young” (presunebly gray-col ored subadults).

Wiite whales are dark brown to gray in color up to about 6 years old.
Sexual maturity occurs at approximately 5 years for females and 8 years for
mal es (Sergeant 1973). Col or change can thus be used to estimate the m ni num
size of the subadult popul ation. In 1977, we scored 1,699 white whales
(including 7 newhorn calves) as to color phase during their annual spring
mgration past Point Hope, Alaska. It was possible to make a classified
count of 515 animals: 316 (76.7% were white; 166 (18.4% were gray; and
25 (4.9% were transitional between gray and white. This resulted in an
estimated adult to subadult ratio of 3.2:1. Fromaerial surveys in 1976
and 1977, a ratio of 14:1 (white:qray phase) was estimated. Ve believe
the aerial results to be an overestimte because of the short anobunt of
time to count and confirmthe color of an animal fromair (for these data
years only).

OCCURRENCE OF BOWHEADS | N OUTERCONTI NENTAL SHELF LEASE AREAS
Quter Bristol Bay-St. George Rasin

Bowhead whal es probably occur in southeastern Bering Sea only during
the late winter and early spring nonths when the seasonal pack ice front
extends south of lat 60°N, and then in |ow nunbers. Only three sightings
have been made in this area between 1976 and 1980, with one of those in
1976 undoubtedly being a duplicate west of St. Paul Island (Figure 29).
During the height of conmmercial whaling very few bowheads were taken in
the southeastern Bering Sea even at a tinme when the population was at its
apparent maxi num size (Figure 2, Bockstoce and Botkin)12/. 1t seens unli kel y
that animls would have been m ssed during conmmercial whaling operations as
many ships traveled there enroute to Al askan and Siberian ports to the north.
The St. George Basin-Quter Bristol Bay area is beyond the central range of
t he bowhead.

G ven our present state of knowledge, the Quter Bristol Bay-St. George
Basin ocs areas east of |ong 170°w and south of lat 59°N does not include
inmportant or traditional habitat for the bowhead whale. If during those
years when ice extends to its maxinum southern limt (simlar to 1976) and
if unusual ice or stormconditions force the whales to nove farther southeast
than normal, then sone whales are likely to occur here.
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Navarin Basin

Townsend’ s (1935) review of bowheads taken in the Bering Sea clearly
indicated that they formerly frequented the Navarin Basin (St. Matthew
Island to Cape Navarin along the continental shelf break) from April to
July (Figqure 2). Under NOAA's Platforms of Cpportunity Project we have
received a few observations of bowheads throughout the Bering Sea and,
although sone effort has been expended near the Navarin Basin, we have
received no bowhead sightings from the area. Several U S. and Sovi et
aerial surveys have been conducted during the spring in or near the area
but no bowheads were reported (Fedoseev 1966, Kenyon 197228/; G Fedoseev
and V. Golt'sev, TINRO, Magaden, USSR, Pers. commun., 12 Septenber 1977).

A recent icebreaker survey of bowhead wi nter distribution (Braham et
al. 1980a), indicated that bowheads spend the late winter and early spring
nonths in and adjacent to the Navarin Basin. W nmade a systematic survey
of the ice front in March 1979 from approxinmately 50 km east of Cape
Navarin to south of St. Matthew Island. Bowheads were observed in highest
densities on the west side of St. Matthew, as well as farther north of St.
Matthew 1., and west, and southwest of St. Lawrence Island (Figure 29).
Weat her prohibited extensive coverage of the Navarin Basin.

No bowheads were seen between St. Lawence and St. Matthew Islands
in 1976 and 1977 hut 109 animals were seen in 1979. During years of nore
extensive ice coverage bowheads presumably occur farther south. ‘Under
these circunstances they are likely to occur in and adjacent to the Navarin
Basin in greater nunbers than we have seen. (Note: The Navarin Basin was
not surveyed in 1976 and 1977.) The frequency of occurrence and time spent
by bowheads near Navarin, then, is probably related to ice conditions.

Norton Sound- Northern Bering Sea

The Norton Sound-northern Bering Sea (NBS) OCS |ease area, as it is
presently designated to include St. Lawence Island and the eastern half
of the northern Bering Sea fromthe USA-USSR 1867 Convention Line to the
Bering Strait at Cape Prince of Wales, includes both inportant habitat for
bowheads and areas where they do not normally occur. Bowheads have not,
prior to spring 1980, heen reported east of long 166°Ww into Norton Sound.
West of long 166°Ww bowheads occur seasonally (Table 3).

The best available data indicate that the howhead population is found
in the NBS during the spring, fromlate March through May, and in the fall
from Novenber through January. They might be present in |ow nunbers near

the Bering Strait from July to October, especially in Septenber and Cctober;
however, Eskino informants at Little Diomede and St. Lawrence |slands have

told us (Braham et al. 1980b) that bowheads are essentially absent in the

25/ kenvon, K. 1972.  Aerial surveys of marine manmals in the Bering
Sea, 6-16 April 1972. Unpubl. rep., 79 p. Natl. Mar. Mammal Lab., Natl.
Mar. Fish. Serv., NOAA 7600 Sand Point Way N E., Seattle, Wash. 98115.
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TABLE 3. --Area use and tinetable for the majority of the bowhead whale

popul ation in or adjacent

| ease areas of the Bering,

to proposed CQuter Continenta

Chukchi and Beaufort Seas.

Shel f (ocs)

Some exceptions

exi st, of course.
ocs
| ease Tenporal Use Spatial Use
ar eas Present Absent Present Absent
St. George Basin- Essentially absent, a few west-centrald/ remai ni ng?

outer Bristol Bay
Navarin Basin

Norton Sound-
No. Bering Sea

Hope Basin
{Chukchi Sea)

Beaufort Sea

may occur irregularly in
the spring in the western

si de.
Feb-Apr

Mar - June,
at-Jan

Apr-June,
Sep-Dec

Apr=-June
Aug-Nov

May-Jan

Feb,
July-Sep

Jan- Mar,
July-Aug

Dee- Mar
July?

St. George Basin

unknown

western hal f

west of
164 “W

| ong

near shor e
west of long
152°

east of 152°
unknown

unknown

Nort on
SoundE/

Kot zebue
SoundS/

unknown

2/ if and when present
b/ during nost years
¢/ east of 1long 164°W
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NBS during the summer (late June-Cctober). An adult with calf was seen in
July several years ago, and two adult bowheads were reported near the Punuk

I sl and (southeast of Northeast Point, St. Lawence Island) in June or July
1978, however this is an unusual occurrence (R Silook, Gambell, Al aska,

Pers. commun. from another, unidentified Eskinp from Savoonga, 16 August 1979.

The bowhead whale spring migration around St. Lawence Island may be
nmore conpl ex than reported by us earlierl/. Bowheads apparently conserge
on the island fromthe south exhibiting three general patterns: two routes
around tine west end of the island and one around the east end. Many Eskinos
at Gambell and Savoonga report that whales that reach the island near
Sout heast Cape nove west along the south coast and then north past the west
end of the island near Gambell., Whales that arrive at the island at
Sout hwest Cape are said to migrate west away from the island across the
Anadyr Strait to the Siberian coast at Cape Chukotskii (| at 64°1S'N,
long 173°W) and the village of Siriniki before continuing north on mgration.
Thi s suggests that there are two migration routes around the west end of St.
Law ence Island. Data collected since 1976 on the occurrence and nmovenents
of bowheads adjacent to St. Lawrence Island did not confirmthis hypothesis,
primarily because few sightings were made. In 1979 bowheads were seen all
across the Strait of Anadyr (Braham et al. 1980a); however, nild ice
conditions may have altered the migration pattern as described above.

The migration route along the west side of St. Lawence Island then
takes the whal es through the western portion of the NBS OCS | ease area west
of an imaginary |line from Savoonga to Cape Prince of Wales. \Wales in spring
are on occasi on seen in open water east of Gambell to west of Savoonga (cl oser
to Gambell). Open water increases from east to west towards the Chukotka
Peni nsula. W conclude that npbst bowheads migrate through the western hal f
of the NBS OCS | ease area in the spring, during average i ce years. Eskinps
also report that some bowheads migrate around the east end of St. Lawence
Island in the spring. W have only two sightings at the east end of the
island since 1976. W do not believe that the east end of the island is an
i mportant migration corridor. A nore detailed description of the spring
mgration is covered in Braham et al. (1980¢).,

No records were found nor sightings made by us prior to 1980 of
bowheads in the eastern portion (east of long 166°w) of the NBS ocs | ease
area (i.e. Norton Sound). Mre than 10 bowheads were ohserved in Norton
Sound in May 1980; at least five were seen near Norton Bay. These aninals
occurred here as a result of an ice blockage in the Bering Strait which
halted their spring migration. BAlthough a conplete account of the nunber
and | ocation of bowheads in Norton Sound during the spring of 1980 was not
available for this revised report, Johnson et al. (1981) summarizes the
causes for the del ayed migration. The inportant point here is that, given
t he proper conditions, bowheads can be found throughout the NBS OCS |ease
area but in low nunbers in Norton Sound.

The autumm migration pattern in the NBS is less clear than for the
spring, but apparently bowheads can be seen across the north side of St.
Law ence |sland, suggesting that the migration path in autum my be nore
diffuse than in spring. Several Eskimpbs at St. Lawence Island have told us
t hat bowheads do not migrate around the east end of the island in the autum

but rather move by the west end.
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The waters adjacent to St. Lawence Island are inportant to the survival
of this population. The Bering Strait is also inportant because the entire
bowhead popul ation passes through it twice annually. The autum period in
the Bering Strait may be nore inportant than the spring because if bowheads
were limted or restricted fromentering the Chukechi and Beaufort Seas in
the spring, they would still be able to feed throughout the sumer in the
ice-free waters of the northern Bering Sea. Townsend (1935) clearly showed
t hat bowheads once occurred in the NBS in the sunmer, a period thought to be
a traditional feeding time for the species. However, if restricted from
noving into the Bering Sea in autumm, sone, if not many bowheads m ght be
trapped by Wi nter freezeup.

In conclusion the following points can be made from our investigations:

1) In spring, bowheads are nore likely to migrate through the
western portion of the NBS CCS | ease area than to the east.

2) The autumm-wi nter migration in the NBS probably occurs
t hroughout nost of the western NBS, but no information exists to help us
predict how far east into outer Norton Sound they occur.

3) Inner Norton Sound (east of long 166°W) i S seldom used
by bowhead whal es, and does not include inportant habitat.

4) Waters adjacent to St. Lawence Island and the Bering Strait

may be critical habitat areas for the stability and survival of this
popul ati on.

Hope Basin and Northeastern Chukchi Sea

Very little is known of the specific noverments of bowheads in the
Hope Basin (south of 1at 69°N, east of long 169°W) and northeastern Chukchi
Sea (north of lat 69°N, east of long 163°w). From April to June, bowheads
mgrate north in |eads through the pack ice flaw zone from the Bering
Strait to an area stretching from Kivalina to on some occasions out to 90 km
of fshore Point Hope. For additional, specific details see Braham et al.
(1980c) and Johnson et al. (1981).

The autumm migration through the northern chukehi Sea and Hope Basin
to the Bering Sea appears to be farther offshore than during the spring.
Bowheads are not known to frequent Xotzehue Sound (east of long 164°W)
with any regularity. Townsend' s (1935) plots of harvested whales (Figure 2)
idicated that the western portion of the Hope Basin was nore heavily
exploited, presumably a reflection of bowhead distribution. W believe
that howheads are generally found west of this |ease area during autum
( Sept enber - Novenber) (Brahamet al. 1980a; Dahlheim et al. 1980; Johnson
et al. 1981).

In conclusion, bowheads frequent the Hope Basin and northeastern Chukchi
Sea during the spring and autumn migration but do not appear to spend a
significant portion of time there for purposes of reproduction, qrowth, or
feeding. The entire popul ati on migrates through the | ease area from April -
June and are found primarily west of the |ease area from Septenber-Decenber.
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The northeastern Chukchi Sea is inportant for both spring and autum
migration, nearshore in the spring, and less so during autum. Bowheads
probably feed in the northeastern Chukchi Sea during autumm, nost |ikely
from Septenber to Decenber, |f sone bowheads do not migrate into the
Beaufort Sea during the spring, then it seenms likely that some whal es
occur west and perhaps southwest of Point Barrow from|late sumrer on,
especially during years of heavy ice.

Beaufort Sea

For an assessnent of the occurrence of bowheads in or adjacent to
existing or anticipated OCS | ease areas in the Beaufort Sea, we consider the
Beaufort Sea east of long 150°w first, then west to approximtely Point
Barrow. This was done because 1) of the high probability that the western
Beaufort Sea will soon be considered for ocs |leasing, and 2) we have nore
sight specific i nformati on on bowheads west of |ong 150°w than east.

East of Longitude 150°w

The fact that few sightings (5) were made of bowheads within or
adjacent to the existing OCS | ease area (approximtely betwen Colville R ver
and Flaxman |sland) between 1974 and 1978 makes it extrenely difficult to
determne what effects oil and gas devel opment may have on the popul ation
(Table 4). Since 1974 we have nade, or obtained, 53 fall sightings totaling
approxi mately 323 animals for the entire Beaufort Sea (Figure 30). Only
ahout 23% (a total of 15 aninals) were nade east of long 150°w. The paucity
of sigheings is directly proportional to effort: we were not able to conduct
extensive surveys east of |ong 150°w because of poor flying weather.

Results neverthel ess indicate that bowheads do visit the OCS | ease area,
as 38% of our sightings east of long 150°W were within or adjacent to the
barrier islands hetween long 145° and 150°w (Figure 30). O her evidence
exists for the. occurrence of bowheads in the ocs |ease area. In autum 1921
Sara Kunaknana's (Kaktovik, Barter Island, Alaska) fanmly took a whale on
Cross Island; and in 1935 they took another whale in the “Prudhoe Bay area”
(G. Jarrell, NMFS, Pers. commun., 15 COctober 1978). a whale was al so taken

near the east fork of the Canning River (east edge of ocs |ease area) in the
fall of 1973.

Commercial whalers frequently f Ol | owed bowheads during the late summer
and autumm nonths from the western Canadi an Beaufort Sea to the Chukchi Sea,
yet few whales were taken near the ocs | ease area (Figure 2). This may have
been because 1) few whales were present; 2) whales occurred in areas where
the whalers could not go (e.q., in shallow waters); or 3) the whal es noved
swiftly through the area and thus were difficult for the whalers to catch.
The net result is that we sinply do not know how important the Beaufort Sea
COCS lease area is to the bowhead whale. However, if they are present in
any significant nunbers, then they probably occur fromlate August to mid-
October.  Unfortunately,we have very little data to verify the precise
timng and nagnitude of their movenents. W do know a few howheads have
been sighted or taken by Eskinbs in the OCS area in the past 50 years.
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TABLE 4.--Sightings of bowhead whales within and adjaccent
Beaufort Sea Quter
long 145°W within the 12 mdepth contour.

surveys conducted between 1974 and 1978.

Conti nent al

to the existing
Shel f |ese area between |ong 150°W and

Data conpiled from aerial

Positions are approxi mate.

No. of Latitude Longitude Information
Dat e Ti ne ani mal s (N (w) sour ce
Sept 21, 1974 1528 1(t)2a/ 70”13 146°391 NVFS
Sept 12, 1975 1130 1 70°16’ 147°21 NVFS
Aug 2, 1977 2300 1(t)2/ 70° 3% 150”00’ S.R. Johnsonbk/
Sept 21, 1977 1243 1 70°30’ 149°00 * NVFS
Sept 21, 1977 1442 1 70°20’ 146° 20’ NVFS

2/ (t) - tentative

b/ necL, Ednonton, Al berta, Canada, Pers. commun., 20 Septenber 1977.
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Eski no whal ers at Kaktovik, Barter Island, 'hunt bowheads as the whal es
head west on their autumm migration. They informus that the autum migration
i s segregated roughly into age classes. Smaller whales pass by early in the
autumm and larger whal es, including cowcalf pairs, pass by later. \Wales
are often first seen by late August, and later are seen near the pack ice as
the ice noves closer to shore in Septenber and Qctober. The earliest whale
taken in nenmory by Kaktovik Eskinpbs was 21 Auqust 1972. Bowheads are still
going by Barter Island as late as the whalers can get out in their boats and”
are seen even when the sea is covered with slush ice as late as mid-Cctober.

West of Longitude 150°W

Bowheads apparently frequent the inshore waters of the Beaufort Sea
bet ween Point Barrow and Snmith Bay on an annual basis (Figures 24, 25,
and 30). Though we have spent more time flying offshore (out to 225 km
than nearshore west of long 150°w, nost animals were sighted within only a
few kilometers of the coast. Myst were seen in Septenber (over 90%, but
sightings nmade in August (Figure 22; A Brewer, Sr., Barrow, Al aska,
Pers. commun., 20 Decenber 1977), and one in Novenber (J. Burns, ADFsG,
Fai r banks, Al aska, Pers. commun., 20 Decenber 1977) point out that the tine
of occurrence here, as well as east of 1long 150°w, covers a longer period
than we previously thought (Table 2). Again, the timing of migration and
occurrence undoubtedly varies sonmewhat anobng years.

W& observed bowheads feeding east of Point Barrow to Smith Bay during
Sept ember 1976, The whal es were observed in shallow water, adjacent to the
Pl over Islands (Figure 24). The same occurrence and behavior was observed
in 1974 (C. Fiscus, Natl. Mar. Mammal Lab., Seattle, Pers. commun.,

28 Septenber 1976), 1975 (Ray in Braham and krogmanl/), and 1978 (Braham

et al. 1980b) (Figure 30). On 21 Septenber 1976 R Everitt (nuMML, Seattle)
phot ographed three whales laying at the surface with their muths w de open
at right angles to the wind and tide. If they were feeding, and we believe
they were as this incident coincided with a large bl oom and onshore novenent

of euphausiids, then this is the first known case of a whale passively
f eedi ng.

Eski mo whal ers hunt for whales west of lonq 150°w. Four whales were
taken in the channel between Tapkaluk and Cooper |slands (lat 71°51'N, long
155°40'w) 29 Septenber-8 Cctober 1974. \Whether the nearshore waters west of

l ong 150°w are nore inportant to this population than east of |ong 150°w
has not been determined, but we believe that it is.

Bowheads have been seen in the autum in shallow water of 3-12 m deep
inthe U S Beaufort Sea (cf. rig. 30, and Fraker and Bockstoce 1980).
Bodfish (1936) found bowheads consistently at water depths less than 40 m
hut not deeper. Between Auqust and Novenber, 1974-1978, we have scored 234
sightings of bowheads in the Beaufort and eastern Chukchi Sea near Poi nt
Bar r ow: 172 were in water less than 12 m deep, and 62 in water greater than
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12 m (Fiqure 30). The 12 m contour east of Point Barrow averages 1less
than 5 km of fshore and 2 kmoff the Plover Islands. Mre of our aerial
survey effort was conducted offshore near the 12 m contour rather than
nearer to shore. The nearshore waters here appear to be nore inportant
for feeding whales than further offshore.

A QUESTION OF SPECIES IDENTITY: BOWHEAD, INGUTUK, Rl GHT WHALE?

In 1977, little concern was voiced about the real possibility that
endangered cetaceans occurring in ocs |ease areas might represent a factor
capabl e of inhibiting or limiting OCS devel opnment. Since then, much interest,
coupl ed with sone nmisunderstanding, has led to statenents which were not
founded on scientific evidence. For exanple, during spring 1978 some
i ndividuals contended that at |east two species of right whales (of the
genus Baleana = Eubalaena) were present during the bowhead whal e migration
along the northwest coast of Alaska. Discussion at that tinme centered around
the belief that a small, early spring “Arctic ice whale,” called ingutuk,
was the Pacific right whal e (Balaena glacialis) rather than the bowhead
whal e (Balaena mysticetus). This led to the further concern that two
endangered right whales, as well as the California stock of gray whal es
(Escharichtius robustus), seasonally frequent the Beaufort Sea oCS |ease
area. The follow ng evidence may resolve the issue. It is condensed from
Braham et al. (19804).

H STORI CAL EVI DENCE
Nonencl at ur e

The question of taxonom c placenment of the ingutuk is not new.  Hadley
(1915), Brewer (1942), and JimAllen in Bailey and Hendee (1926) thought
inqutuks were not the same species as bowheads. The term ingutuk, an Eskino
word thought to refer specifically to young, fat, perhaps female, bowheads,
is one of several terms commonly used to describe differing age and/or size
categories of agvik--the bowhead whale. The term ingutuvuk (“one who carries
a calf”) describes a large femal e; usingwachaek is a full-sized bowhead;
kairalik, kiyralivuk, and kivralivoak refer to different sizes of male
bowheads2’/ (Durhamil/; Rice 1977; A Brewer, Sr., Barrow, Al aska 99723,
Pers. commun., 19 May 1978). The profusion of terns describing these whal es
appears to be based upon historic and cultural usaqge.

CGeographic Isolation

Bowheads now in the western Arctic-Bering Sea stock may be isol ated
from the Atlantic and/or Okhotsk stocks, and morphol ogically differences
among stocks may explain the existence of the_ingutuk. Townsend's (1935)

27/ “Eskimo whaling at Barrow, an anonynously authored manuscri pt
dated 12 Decermber 1972, “conpiled by the Naval Arctic Research Laboratory,
Barrow, Alaska, for use by Dr. Floyd Durhant.
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and Bockstoce and Botkin'sl2/ harvest records indicate that while the
Okhotsk and western Arctic-Bering Sea stocks are now isolated, this my
not have been so less than 100 years ago. This would not seem enough
time for genetic-norphol ogi cal changes to occur. No diagnostic

di fferences have been described between Atlantic and Pacific stocks
(Scoresby 1820; Eschricht and Reinhart 1866; Scammon 1874), and although
detail ed recent norphol ogical data are not available for conparison anong

stocks, geographic isolation |eading to new norphol ogical types reentering
the popul ati on does not seem pl ausi bl e.

Bl OLOG CAL EVI DENCE
Mor phol ogi cal Features

Sone 22 norphol ogi cal and behavioral features have been used to
describe the differences between bowheads and inqutuks. After evaluating
these characters with results of our research since 1973, and using
i nformation conpiled by Durhami9/ and rootel?/ we found that 14 (61%
of the characters were not unique to inqutuks, and that 4 (18%) of the
characters could not be classified to either. Only 4 (18% seemed to he
positive inqutuk characteristics. These data do not exclude the possibility
that the inqutuk represents one extreme of nornal variation. An occasional
whale with features usually attributed only to inqutuk, usingwachaek, or
kyralik have been reported (purhaml8/), suggesting that a range of features
may occur within individuals as well as within the (bowhead) population.

Sex and Size Categorization

There is belief by some Al askan Eskinmps that ingutks are young fenale
bowheads. Prior to 1978 only one of many inqutuks taken since 1962 was
reported to be a male; all others were females. Since 1978, three males
have been reported. Since 1973 we have identified 14 inqutuks out of 112
bowheads taken at Point Hope and Barrow. Ten of the ingutuks were female. 3
were males, and 1 was not satisfactorily sexed. The sex ratio of non-ingutuk
bowheads from 1973 to 1978 was 46 females to 53 nales. Significantly Tewer
mal e than femal e inqutuks have been taken, suggesting that”'inqutuk” may be
a female sex-related trait or term 1Ingutuks have been reported to be smaller
than bowheads; however, we found no significant difference. This test included

all size classes of usingwachaek (= kiyralik), i nqutuk, and ingutuvuk (= | arge
inqutuk?) .

Geneti c- Bi ochem cal Studies

we conducted biochem cal and genetic studies on bowheads taken from
1977 to 1979 to help clariffy stock discreteness. Electrophoretic anal yses
of liver tissues (nine whales) and blood proteins (three whales), inecluding
one inqutuk in each analysis, showed that much variability occurs within the
popul ation and within at |east one individual analyzed. The biochenically
variant aninal, however, did not possess norphol ogical characteristics
attributed to inqutuk. Conversely, the inqutuk sanples were not
di stingui shable from the other bowheads.
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CONCLUSI ON

It is apparent that sonme bowhead wWhal es | ook different from others,
even though it often takes an experienced observer to nake the distinction.
The nost apparent differences seemto occur with the variant called ingutuk.
The preponderance of direct and circunstantial evidence suggests, however,
that a clear distinction between inqutuk and bowhead cannot always be made
when considering all norphol ogical features over a range of whale sizes.

Although det ai |l ed morphometriec and geneti c-bi ochenical anal yses of bowhead
whal es are far from conplete, our research to date |eads us to conclude that
the inqutuk is not a species separate from the bowhead. This conclusion is
supported by the nmpbst experienced Eskinmp whaling captains we have interviewed.

RECOMMENDATI ONS
ACTI ONS BASED ON EXI STI NG KNOALEDGE

Based on our present state of know edge of the distribution and biolegy
of the bowhead whale in the Bering, Chukchi, and Beaufort Seas, we recommend
that serious consideration be given to removing or drastically limiting oOil
and gas devel opnent in four inportant (perhaps critical) habitat areas:

1) The northern Bering Sea around St. Lawr ence |sland.

2) The Bering Strait.

3) Northwest coast of Alaska, Cape Lishburne to Point Barrow.

4) The western U. S. Beaufort Sea from long 150°W to point Barrow.

Designation of these areas as of primary inportance to the species is
partly based on the fact that we have better information for these areas
than for others. Unfortunately, we have |less good information for areas
whi ch might prove to be of particular inportance, e.g. the eastern Beaufort
Sea (including the present OCS |ease site), Hope Basin, and the Navarin
Basin. However, the eastern Beaufort Sea and th Hope Basin appear to be
transition zones for the whales during their annual nmigration rather than
vital places where they would be nost vulnerable. Additional research,
particularly in the Beaufort Sea, is needed to verify this point.

Wthout precedents regarding effects to whales of oil-related devel oprent
activities, it is difficult to assess joepardy to this population, as required
by Section 7 of the U S. Endangered Species Act of 1972. Hewever, we can
predict the times and | ocations where the popul ation, or at least individuals,
woul d he vulnerable to an oil spill or other possible disturbing activities.
The times are outlined by ocs lease area in Table 3. Specifically the above
described areas are of qreatest significance because we believe howheads
engage in two critical life history phases there--reproduction and feeding.
They also nmigrate directly through these areas tw ce annually.

Qur conclusions are based on two years of OCSEAP research, and two
additional years of MNMFS studies where, in both cases, we were linited by
weat her, time, and budget to conpletely coverall areas visited by bowheads.
It is, of course, difficult to draw conclusions on the inportance of areas
and tines within their range where few data exist.
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Wwe are |less certain shout the tines and areas where white whal es might
be vulnerable. Certainly inner Kotzebue Sound appears to be an inportant
summering area for reproduction and feeding. The northwest coastal waters
from Point Lay to Point Barrow appear also be an important area for white
whal es, althougfh this may vary anong years. But again, because we do not
know how many stocks of white whales we are dealing with, site specific
vul nerability is particularly difficult to assess.

Wi te whal es appear to occur farther offshore in the U S Arctic Ccean
than bowheads: perhaps they are less vulnerable to nearshore devel opnent.
Some do, however, occur very near shore in the eastern Bering and Chukchi
Sea during the spring and summer. Because sone Eskinmo subsistence depends
upon both species, we urge that site specific studies related to interaction
between whal e, subsistence activities (hunting requirements), and oi
devel opnent activities he undertaken. W further urge that ecol ogica
studi es be conducted placing greater value on both species habitat
requirenents and environnental (physical and biological) interaction than
previously suggested or conducted

PROPOSED RESEARCH NEEDS

Future bowhead whal e research needs include consideration of direct and
indirect effects of oil pollution and devel opmental activities with potentia
first-order effects: 1) intestinal conpositions from oil ingestion; 2)
irritation and deterioration of skin and eye tissues; 3) inpairment of thermal
regul ation; 4) fouling of baleen plates; 5) inhalation of oil and congestion
of the lungs; 6) noise interference with intraspecific comunications; and
7) threat to traditional nigration routes, calving areas, and/or feeding
grounds. The nost critical second order effects would be destruction of

food supplies through contamination or alteration of the marine habitat,
should it occur.

The objectives of any research in and near ocs | ease areas should be
to deternmine 1) the frequency of occurrence in and adjacent to specific |ease
sites; 2) the magnitude of, or conponent of the popul ati on (including sex
and/ or age cl ass segregation) frequenting the | ease areas; 3) the reasons
why whal es occur in certain areas (e.q. apparent annual feeding nearshore
east of Point Barrow in Septenber); and 4) the studies (direct and indirect)
that coul d best address potential noise, oil, and traffic interference
probl ens.  Because destruction of preferred wildlife habitat is a comon
result of man’s activities, general studies of the narine environnent as
it now exists in Alaska woul d be of prinmary inportance. Presumably these
kinds of studies will continue on a lease site basis as |ease sale
scheduling proceeds fromsite to site.

The following is-a list of proposed research topics with regard to
bowheads and white whales. Results from these studies should provide at
| east the mininuminformation needed to make nanagement deci sions, especially
where related to the requirements of the Endangered Species Act. These
studies admittedly relate primarily to occurrence and direct effects because,
we believe, these are the nobst obvious studies for which answers night be
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readily obtained. Mst have previously been recomended in various meetings
and docunments since June 1978. Some studies (e.g. bowhead spring migration
across the Beaufort Sea and bal een fouling study) were previously discussed
inthe earlier draft of this paper and are presently being conducted by
the Bureau of Land Management.

Bering Sea

1) Study whale novenents and habits of whales associated with
the movement of ice during breakup in spring and formation in autumm around
St. Lawence |sland.

2) Study calving and feeding near St. Lawrence Island in the
spring and feeding in the autum, especially north of the island.

3) Study habitat use patterns in the Navarin Basin during | ate
wi nter.

Chukchi Sea

1) Deternmine if bowhead and white whales migrate directly into the
west ern Chuckhi Sea during the |ate spring or summer fromthe NBS, and if
they migrate from the Beaufort Sea into the Chukchi Sea between June and
Septenber. This information is necessry to deternmine if the entire popul ation
enters the Beaufort Sea and, thus, might be vulnerable to oil- devel opnent
related activities along the North Sl ope.

2) Ascertain whether the Hope Basin area supports bowheads for
feeding in late autum.

3) Study presence of white whales in Kotzebue Sound and adjacent
bays (e.g. Escholtz Bay) and the northwest coast to relate habitat use and
seasonal dependency. Popul ation segregation or stock identification mght be
studi ed using electrophoretic anal yses. Life history information is essential.

4) Determine which areas of the northeast Chukchi Sea that bowhead
whal es are nost likely to feed in and migrate through in the autum.

Beaufort Sea

1) Deternmine the frequency distribution of whales from the shore
to the pack ice in the sunmer and autumn. It is essential that we know what
component of the migrating population will be in or near the OCS area. For
exanple, do all whales nove offshore (i.e. near the ice edge), or near shore
through the | ease area? A knowledge of the spatial distribution is necessary
to deternine how many individuals in the popul ati on might be vul nerable.
Changes in ice conditions and relative novenent of whales to ice is an
i mportant corollary study.
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2) Conduct aircraft and/or vessel surveys in the western Canadian
Beaufort Sea during the summer, principally in Arundsen @l f, to further
determine if the relative magnitude of the bowhead popul ation here is sinilar
to that estimated at Point Barrow in the spring. Again, this is inportant in
order to assess what portion of the population might be vulnerable. Related
behavi or and feeding studies are al so recommended.

3) Define the inportance of the U S. Beaufort Sea for powhead
feeding. Food hahit studies and sample collecting of zooplankton should he
done over a wide area of the Beaufort Sea. General trophic interaction studies
are inmportant too. This is inportant baseline information becuase we have no
idea how, or if, animals respond to changing resource (prey density) patterns
bet ween the shore and pack ice, or even east to west in the Beaufort Sea.
CGeneral biological oceanographic information is paramount to understand the
Beaufort Sea ecosystem such information is presently I|acking.

Non-site specific studies

1) A noise effects study might be useful. Additional detailed

studi es on behavior and response vocalizations might also help determ ne
their sensitivity to man’s activities.

2) Gather detailed historical information from Eskinos and
Soviets and do further analysis of early whaling records to establish
specific use patterns in and adjacent to the |ease areas.

3) |If the euphasiid Thysanoessa rashii (or other species such as
Calanus spp.) iS the preferred prey item for howheads as it now appears then
a detailed study of the life cycle and quantitative occurrence of T. rashii
and calarus spp. should he made in the Arctic, especially in the Beaufort
Sea nearshore from Barter Island to Point Barrow, Amundsen Gulf, and eastern
Chukchi Sea. Naturally, the life histories and quantititative determnation
of other prey species and conpeting predators should be made as other
i nportant bowhead food itenms are discovered. QI effects studies, after
life cycle studies, should follow

The aforenentioned proposed studies are only generally discussed here.
Specific studies should be thoroughly reviewed for scientific
rel evance and managenent alternative considerations. Results fromthese,
or simlar studies, will provide a preliminary hasis for making tinely

deci sions concerning further research and possible inplications of ocs
devel opnent .
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APPENDI X |

Aerial surveys flown during 1975-77 as part of OCSEAP Research Unit
69. File identifiers are those used on both Environmental Data Service
OcSEAP 027 format and National Mrine Mammal Laboratory format. M| eage
(approximate) is in kilometers. Wit-VWai nwight; RE-return.

File Survey Description
identifier date (survey origin/area surveyed)

1. Sep 6-Sep 29,’ 75 Total miles surveyed: 10,945. Total hours flown: 47:10.

175249 6 Sep Barrow, Wit., RE/ C. Sinpson / coast
175252 9Sep Barrow, RE/ C. Sinpson / coast

175255 12 Sep Barrow, Deadhorse, RE / coast

175257 14 sep Barrow, Barter |., Deadhorse, RE / coast
175258 15 Sep Barrow, Prudee Bay, Lonely / coast
175259 16 sep Lonely, Barrow / coast

175263 20 Sep Barrow, Barter |., RE / coast

175266 23 Sep Barrow, Pt. Lay., Icy Cape, RE / coast
175267 24 Sep Barrow, RE / C. Sinpson

175269 26 Sep Barrow, Pt. Lay, RE / coast

175270 27 Sep Barrow, RE / coast

175272 29 Sep Barrow, Barter 1., Barter I|., RE / Herschel I.

2. Ot 9-oct 14,’75 Total miles surveyed: 4,695. Total hours flown: 18:25.

175282 9 Ot Nome, RE / S. Chukchi Sea

175285 12 Ot Nome, RE / N. Bering Sea, St. Lawence I.

175287 14 Ot Nome, Anch. / St. Lawrence |., St. Matthew |.,
Nuni vak |.

3., Mar 15-Mar 21,’ 76 Total miles surveyed: 4,380. Total hours flown: 19:52.

176075 15 Mar Nome, RE / St. Lawence |., @il f of Aanadyr

176078 17 Mar Nome, RE / St. Lawence |., Bering St.

176079 19 Mar Nome, RE / N St. Lawence I., SW St.
Lawrence |.

176081 21 Mar Nome, RE/ N. St. Lawrence |.

4.  Apr 6-Apr 23,'76 Approx. total mles surveyed: 17,140. Total hours flown: 72:07.

176097 6 Apr King S., RE / Bristol Bay, ice front, Cold Bay

176099 8 Apr King S., RE / Central Bristol Bay

176100 9 Apr King S.,RE / Bristol Bay

176103 12 Apr King S., RE / Central Bristol Bay

176104 . 13 Apr King S., Nome/Bristol Bay, St. Lawrence I.

176106 15 Apr Nome, King S. / St. Lawence |., St. Matthew I.
Bristol Bay

176108 17 Apr King S., RE/ Central Bristol Bay

176109 18 Apr King S., RE / Central Bristol Bay

176110 19 Apr King S., Bethel, None / Bristol Bay, St.
Lawrence |.
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File Survey Description

identifier date (survey origin / area surveyed)

176111 20 Apr None, RE / St. Lawrence Island Bering St.
176112 21 Apr Norme, RE / St. Lawrence |., Bering St., Pt.Hope
176113 22 Apr Nore, RE / St. Lawrence I.

176114 23 Apr ¥Nome, Anch / Norton Sound

5 Apr 30-May 14, '76 Total miles surveyed: 4,600. Total hours flown: 25:17,

176121 30 Apr Barrow, RE / coast, Pt. Hope

176122 1 May Barrow, RE / Wainwright, of fshore

176124 3 May Barrow, RE / Icy Cape

176129 8 May Barrow, RE / Shorel ead

176130 9 My Barrow, RE / N.E, offshore

176133 12 May Barrow, Barter |., Deadhorse, RE / Leads, fast
176135 14 May Barrow, RE ;/ W.E, offshore

6. May15-May 31,'76 Total miles surveyed: 2,605. Total hours flown: 14:43,

176136 15 May Barrow, RE / Shorelead w.

176140 19 May Barrow, pt. Hope, RE / coast

176141 20 May Barrow, RE / N.E. |ead system

176143 22 May Barrow, RE / lead W, N.,E. pack ice
176145 24 May Barrow, RE / shorelead W

176149 28 May Barrow, Peard Bay, RE/shorelead, fast ice
176152 31 May Barrow, RE / shorelead W

7 Jun 1-Jun 5, '76 Total miles surveyed: 1,575. Total hours flown:  7:21.
176153 1 Jun Barrow, Pt. Hope, RE / coast

176156 4 Jun Barrow, RE / C. Sinpson and N.E.

176157 5 Jun Barrow, RE / coast W

8. Jun 8-Jun 14,' 76 Total mles surveyed: 8,025. Total hours flown: 34:30,

176160 8 Jun Anch., Nome/Norton Sd.

176161 9 Jun Nome, RE / St. Lawence 1., Bering St.
176162 10 Jun Nome, RE / N. Bering Sea, S. Chukchi Sea
176163 11 Jun None, Kotz. / N. Bering Sea, S% Chukchi Sea
176164 12 Jun Kotz. , Nonme / Bering St., N St. Lawence |.
176165 13 Jun Nome, RE / Norton Sal., St. Lawence I.
176166 14 Jun None, Xing S. / Bering St., E. Bering Sea

9. Jun 18-Jun 20,’ 76 Total miles surveyed: 2,930. Total hours flown: 15:26,

176170 18 Jun Barrow, RE / offshore

176171 19 Jun Barrow, RE / nearshore |eads

276172 20 Jun Barrow, Barter |. Prudoe Bay, RE / offshore,
fast ice
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File Survey Description
identifier date (survey origin / area surveyed)

10. Aug 17-Aug 26,’ 76 Total miles surveyed: 8,830. Total hours flown: 39:22,

176230 17 Aug Deadhorse, RE / S. Beaufort Sea
176231 18 Auq Deadhorse, RE / S. Beaufort Sea
176232 19 Aug Deadhorse, Barrow / S. Beaufort Sea
276233 20 Rug Barrow, RE / S. Chukchi Sea

276234 21 Aug Barrow, Kotz. / S. Chukchi Sea
176235 22 Aug Kotz., RE / Kotz. Sd.

176236 23 Aug Kotz., RE / Kotz. Sd.

176237 24 Aug Kotz., Nome / Bering Sea

176238 25 Auq Nome, RE / St. Lawence I.

176239 26 Aug Nome, Bethel / Norton sd.

11. Sep 20-Sep 26,’ 76 Total niles surveyed: 2,183. Total hours flown: 9:49.

176264 20 Sep Barrow, C. Lis., RE / coast, bird survey
176265 21 Sep Barrow, RE/ C. Sinpson, N. pack ice
176266 22 Sep Barrow, RE / C. Sinpson, N.W. pack ice
176268 24 Sep Barrow, RE / C. Sinpson, N.E. pack ice
176270 26 Sep Barrow, RE / C. Sinpson

12. March 31-apr 3,77 Total mles surveyed: 4,540. Total hours flown: 18:18.

177090 31 Mar Anch., Nome / S. Norton Sd.

177091 1 Apr None, RE / Pt. Hope, Kotz. Sd.

177092 2 Apr Nome, RE / St. Lawence I.

177093 3 Apr Nome, RE / N. Norton Sal., N St. Lawence I.

13. Apr 19-apr 26,’ 77 Total niles surveyed: 325. Total hours flown:  1:17.

177109 19 Apr Barrow, RE / Pt. Hope
177113 23 Apr Barrow, Pt. Hope / coast, fast ice
177116 26 Apr C. Lis., Barrow / coast

14.  wMayn-May 14,77 Total miles surveyed: 3,875. Total hours flown: 12:14,

177131 11 May Anch., Nome / N. Norton Sd.
177132 12 May Nome, RE / Pt. Hope, Kotz. sd.
177134 14 May Nome, Bethel / Norton Sal., Nunivak |.

15. My 21-May 30,’ 77 Total nmiles surveyed: 1,317. Total hours flown: 5:45.

177141 21 May Barrow, RE / Barter I.
177150 30 May Barrow RE / Northeast |eads
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File Survey Description
identifier date (survey origin / area surveyed)

16. Aug 26-Qtt 13,'77 Total niles surveyed: 6,500. Total hours flown: 27:17.

177238 26 RAug Barrow, C. Sinpson, RE / coast, 0Oarlock 1sl.
177241 29 aug Barrow, RE / coastal to Lonely, Md-Carlock I.
177244 1 Sep Barrow, C. Sinpson, RE / coast, Carlock I.
177248 5 Sep Barrow, RE / N. to ice, E to Lonely, coastal
177251 8 Sep Barrow, Barter 1sl., RE / offshore &, to Bord
177253 10 Sep Barrow, RE / N.W. Chukchi Sea

177257 14 Sep Barrow RE / N.W. Chukchi Sea

177276 3 Ot Barrow RE / N. to ice, E, coastal

177279 6 Ot Barrow, RE / N.E. and coast al

177286 13 Ot Barrow, C. Sinpson RE / coast.
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APPENDI X |

Aerial survey tracklines flown Septenber 1975-Cctober 1977.
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