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I, Task Qbjectives

The objectives given below are fromour Wrk Statenent. Note that
our contract includes only analysis of data, not collection of data or
processing:.costs, and that we have been working under this contract for
onl'y about 4 momths (our contract dates 1 July 1975 -30 Septenber 1976,
but was not executed until 16 Novenber 1975).

Tasks_: W will analyze remote sensing data obtained from
aerial surveys ofwalrus populations in the Bering, Chukchi
and Beaufort Seas with particular enphasis on: (1) walrus
presence in an area and the ice characteristics; (2) the
degree to which wal rus movenents are influenced by ice
dynam cs; and (3) the behavioral, ecol ogical and neteoro-

| ogi cal conditions influencing walrus hauling-out behavior.
Walrus can only be sensed when they are hauled out.

This is not an assessment project strictly speaking. It can provide
assessment data, but is ained primcipally towards natural history and
behavioral information which will, we hope,contribute t owards areeval ua-
tion of assessnent techniques and |ead to nore accurate results.

W have provided background to the project in Ray and Wartzok (1974),
wherei nwe enphasi ze the target question/target species concept; i.e.,
we concentrate on ice dynamics and visibility factors for a few species “of
prom se. This approach is proving productive because: (1) ice dynam cs
have a clear bearing on the distribution of Alaska's ice-inhabiting marine
mammals (cf. Burns, 1970: Fay, 1974); (2) the walrus presents an exception-
ally large and contrasting inmage; (3) both ice and walrus are well-suited
to our techniques; and (4) the walrus is ofhigh national and international
interest, a feature which provides both alargeanount of correlative
information and a body of co-workers.

The walrus, Odobenug rosmarus, iS the major, but not only, species of
our choice. W also have chosen the bowhead, Balaena mysticetus, and the
belukha, Delphinaptarus_leucas for enphasis, but for them we £all nore
clearly into an R & D effort, both scientifically and technol ogically.

II. Field and Laboratory Activities

A Field trip schedule.

Under support of the National Aeronautics and Space Administration's
Ames Research Center,we have been conducting renmote sensing flights
aboard their Convair-990 four-engine, jet aircraft. This is probably
the most sophisticated remote sensing platformin existence. In order
to assess this aircraft's potential, we were invited aboard during
BESEX (USSR/USA Bering Sea Experiment) during February-Mrch 1973, As
aresult, BESMEX (Bering Sea Marine Manmal Experinment) was initiated
(Ray and Wartzok, 1974).



Initial BESMEX flights were in Septenber 1974 aboard NASA/
Johnson Space Flight Center’s NP-3, a propeller-driven aircraft,
as the cv-990 was unavailable at that tine.. Subsequently, we
have j oi ned in cl 0se collabotation With AIDJEX (the Arctic Ice
Dynam cs Joint Experinent) and have enjoyed three flight periods
in 1975 -- April, August, andOctober--whichprovide a perspec-
tive of the full seasonal cycle for our work. The flight
schedule to date is presented in Table 1.

B. Scientific Party.

The BESMEX Principal Investigator. (G.C. Ray) has directed,
and has been aboard, all flights so far “undertaken. The Co-PI
(D. Wartzok) has been aboard during April and August 1975,
during which time a major conponent of work was-involved with
sanpling technique and ice dynamcs calculations. W.J. Canpbell,
of AIDJEX and the U S. Ceol ogical Survey, has aided us inmmensely
with ice dynamcs and neteorol ogi cal aspects. All flights have
I nvol ved additional persons aboard for wisual observations,
spotting, and aid in in-flight interpretation. Thus, the follow
ing have joined us on one or a nunber of flights. To all, we
are grateful for their interest and cooperation: John J. Burros,
Al aska Department of Fish and Game; WIlliamJ. Canpbell, US.
Geol ogi cal Survey; James Ccc, National Mrine Fisheries Service
(test flight over S. Calif.-porpoise); Thomas P. Dohl, University
of California (Santa Cruz); Thomas J. Eley, Jr.; Al aska Depart-
ment of Fish and Game; James Estes, Fish and Wldlife Service;
Francis H Fay, University of Al aska; René Ramseier, Departnent
of the Environment, Canada; Paul Sebesta, NASA/ ARC, Larry Shults,
University of Alaska, Sam Stoker, University of Alaska. In
addi tion, a nunber of persons joined us on a guest basis to
observe cv-990 operations.

It must be noted that this contract covers costs of none of
the above. Rather, it supports only the interpretative work of
George H Taylor, Lab. Technician,. at The Johns Hopkins University,
who was hired specifically for this task. M. Taylor’'s duties to
date are given under Methods bel ow.

c.  Methods .

The data-gathering process involves sets of 3 to 5 flights
in each of the field periods (see Table 1). This is an insuffi-
cient nunber for a statistically reliable ice dynam cs experiment,
as outlined by Ray and Wartzok (1974), but it is sufficient for
achievement of technological proficiency and for gathering certain

information on distribution, group structure,. thernodynamcs, and
sea ice habitat of the target species.

-
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Appendi x | gives instrumentation aboard a typical flight.
Phot ography and infrared imagery are our magjor tools to date,
al though we will soon analyse further the uses of nicrowave,
SIAR, and | aser profilometry for ice dynamcs and ice structure.

During a typical flight series., the first flight or flights
are dedi cated to locate concentrations of animals. W are aided
in this task by weather satellite imgery which clearly shows
ice distribution and by the frequent presence of co-workers Under’
taking sinmilar shipboard or aerial tasks at the time. The high
speed and range of the NASA aircraft allow considerable aerial
coverage during the approxi mate 6-hour, hone-to-home, flight tine.
In addition, working altitudes over target areas of 3-5000 ft.
allowgood areal coverage. An average flight of the ¢v-990, for
exanpl e, gives 3 hours time on location or approximately a 720
nm flight tine.

Cover age depends, of-course, upon field of Vview. There i S
no truly precise way to estimate visual field of view froma
movi ng aircraft (Wartzok and Ray, 1975: Appendix Il). However,
a usual objective is 45°to either side of the flight line, in

- whichcaset he track width woul d be 6000 ft from an altitude

of 3000 ft and 10,000 £t from 5000 ft. Sucha trackimplies
coverage of from 711 to 1185 mmi® during the course of 3 hours.
The length of time required to cover an equival ent area during
an aerial survey at 500 ft at different survey speeds is given
in table IL.

W' nust keep in mind the inplication of rapid synoptic
coverage. This tends to reduce at least two significant vari-
abl es which strongly effect the visibility of marine manmmals,
i.e., circadian behavioral patterns and the influence of-
weat her and/or alterations in anbient thermal conditions. From
table II we see that it can require from2 to 4 eight hour days
to cover the same area as covered by the ¢v-990 in one three
hour period. Such extended flight times al nost always involve
very large animal novements and/or behavioral alterations, both
of which grossly influence counts.

Increased height to at |east 3000 f£t, or possibly 5000 ft,
in our experience, does not markedly alter the visual detail-
ability of walrus, bowheads, or belukha, The-detectability of
walrus from these altitudes is enhanced by the use of IR CQur
- Texas I nstrument RS-310H imager has a 90° total field of view

However, though it can easily detect walrus from 3-5000 ft, it
has a resolution of only gbout 1 milliradian or 3 ft froma
3000 ft. distance. Thus IR is not satisfactory for counting or
for evaluation of group structure”. Therefore, we enploy photog-
raphy for high resolution detail in which individuals are clearly
discernible. Two caneras are operated continously over animals
and on a sanple basis (1/30 see) over other areas. The caneras



are a 9" rc-8 with a 6 lens and 73° field of view for synoptic
coverage and a 5 KS-87 with a 12" 1lens and 21° field of view
for details of herd structure. SLAR and microwave are contin-
ously in operation aswell, for certain non-visible ice
structural information not requiring high resolution.

Overthe past year and a half, we have been encouraged by
the applicability of these techniques to the walrus and belukha,
in particular. There is no inplication intended that these same
techniques will work for all species. Survey nethods nust
obviously be species-specific. W have doubts that visual sur-
veys are sufficiently accurate under any circunstance for
achi evement of reliable assessnent data (ef. Wartzok and Ray,

1975, Appendix Il.). However, the use of visual methods nust
continue for other purposes. Remote sensing inplies thezreplace-
ment of highly subjective and only grossly accurate visual neans
by nethods which produce accurately quantifiable, pernmanent data
records. Ray and Wartzok ' (1975: Appendi x III) point out syner-
gisns between IR and photography in renote sensing namely that the
use of these sensors, together, yields detection and quantification
t echni ques whi ch neither, used alone,can provide. This use of
several sensors in unison is a vital point, often mssed by those
seeking single solutions or unwi sely applying a “what’s best”

or false dichotomy approach.

During all flights, two conputer-recorded logs are kept. The
first is sinply a recorded spoken dial ogue (Appendix |V provides
a sanple). Al observers and data recorders are on an intercom
providing great ease in visually-obtained data retrieval and on-
site validation between observers. Second, the €v-990's sensors
and navi gational systems provide continuous data of many sorts on
weat her, position, pitch, roll, speed, etc. (see Appendix V for a
sanpl e), which are invaluable for correlation with other data
obt ai ned.

It has been necessary to provide the above information here
in order to give perspective to the work supported by this contract,
which is solely analytical. At the present time, we have gathered
data in the formof 15 rolls of 9* color film 16 rolls of 5% color
film 6 rolls of 9“ false color IR film 6 rolls of 5" false colorIR
film 8 rolls of 70 mm black and white film 6 rolls of 70 mm IR
i mgery, 2 rolls of 70 nm Winagery, and 24 mles of magnetic tape
containing IR data. M. Taylor, our analyst has been exam ning
all filmwth the aid of aRichards 918LW |ight table and O ynpus
$z-IV, variabl e- power dissecting mcroscope. He is logging the
filmin a cursory fashion at this tine, noting length of each data
run, start and stop times and locations, altitude of aircraft,
qual ity of photography, extent of ice coverage, ice type, and pres-
ence of animals and walrus hauling out areas. This prelininary view



isnecessary in order that we most efficiently may return to
certain sections at a |ater date for detailed visual and other
anal yses. Mr. Taylor expects to finish his prelimnary exam -
nation by approximately the end of May 1976, not including, of
course, materials fromthe April 1976 flights.

There are also analytical procedures which are beingcarried
out elsewhere, the results of which are stated very briefly below
It i s obvious that one can accunul ate vast quantities of data by
t he neans described and that visual or manual exam nations very
time consum ng. Therefore, we are seeking digital neans for °
anaglysis. Contracts have been let to various corporations byNASA
Ames Research Center for IR tape analyses. The methods used are
costly at present, so that we nust carefully choose which data we
wish to use for initial examnation. This is the primary reason
for the prelimnary examnation. That is, choice of samples. for
digital processing, enhancenent, or conputerization wll depend
upon work carried out under this contract.

D. Localities.

vur area of interest i S not divisible according to the 0cs
plan. That is, the populations of concern inhabit the entire
Beringean region -- the Bering Sea in winter and including the
Chukchi and Beaufort Seas in warmer seasons. Thus, flights are
conducted according to ani mal distributions. Table 1 provides
a summary of these. Mre detail will be provided at a later
date, after conpletion of prelimnary analysis,

E. Data collected.

V¢ have given, above, a statenent on tapes, film and com
puter records collected to dates We did not include nicrowave,
SLAR, and | aser data, presently in the hands of others, and to
which we have access (see Appendix I) but which we have not yet
examined. The linitations of time and manpower do not yet allow
us to state when we Will be able to acquire these data or exam ne
them. To date, we have attenpted correspondence with the investi~
gators involved, but in doing so, we are depending on the good wll
and ‘tine available. to others.  Qbvi ously, this:approach iS not
| deal .

Resul ts

The high cost of reproduction of photographic and other of
our materials precludes incorporating these in a report of this
kind, Therefore, statenents about results must suffice until
work is more advance, until. funds for photographic reproduction
are provided, or until nore formal publication is possible. As



before stated, our contract does not provide for reproduction
of raw data, but only for analysis, and though we have nany
sanpl e materials on hand, work now underway wi |l soon provide
more conpl ete sanples and coverage.

Certain visually-obtained results of surveys may now be
stated, but on a sanple-of-data basis, as full analyses of
these also depends upon renote-sensing analysis. Results fal
into two categories, ecological and technol ogical

1. Ecological Data

On two occasions, we have been able to fly replicate sanple
grids for determnation of variance under different conditions
over time. These occasions occurred in April and August 1975.
The latter nust await infrared analysis for determnation of
results. For the former, count differences were most striking,
as a reflection of walrus hauling-out behavior. An explanation
and diagramis in Ray and Wartzok (1975: Appendi x III). On 6,7, and
8 April weather became increasingly favorable in the Bering Sea
following a period of storms. Previously, we had found a
concentration of walrus in the central Bering Sea, approximtely
45 nmi NNW of St. Matthew Island. On 6 April we visually
counted 427 animals in an area about 10 nm in dianeter. During
the two successive days, we conputed ice nmovement by a wi nd
stress nodel (Reed and Canpbell, 1969) to the SE and counted
1200 and 9479 aninals, respectively. W are certain that we
found the same area on all three days because of the recognize-~
ability of certain structures and 'leads. Further, the nunber
visible was not a reflection of movement to and from the 32x28
nmi areasas wal rus presence was easily detectable by neans of
breathing holes which they make in new (grey) ice. This not
unexpected finding, a nmore than 20 fold difference in aninals
visible fromday 1 to day 3, illustrates precisely why the
causes for such behavior nust be investigated for assessment
purposes. To that end, we have constructed a heuristic nodel
of walrus hauling out behavior.

Figure Ipresents this model, By way of explanation, we know
that the hauling-out patterns of walruses during winter will be
dependent on whether they are part of a breeding herd or not. Wth-
in the breeding herd, the mature males will have a different hauling
out pattern than the other animals. W believe that these three
categories of walrus will each require a different set of parameters
in the nodel. Therefore, the nodel attenpts to predict the pro-
portion of each of these walrus groups hauled out, according to
three quantifiable factors: animal surface tenperatures: diurna
haul i ng-out patterns; and previous weather history. Each of
these three factors, after operating through an associated transfer
function,results in aval ue between O and 1 which indicates the
fraction haul ed out when the other two factors are considered to be
constant .



Consi deri ng thermoregulatory behavior, we -can neasure surface
temperature (T°) directly by IR imagery, SO we will work with this
parameter, rather than “effective temperature” (T°). The transfer
function for the surface tenperature has a theoretical value of O
when the surface tenperature is 0°C. Chviously, a value of O says
that no aninals are out so that we cannot nmeasure surface tenpera-
ture under those conditions. However, Ray and Fay (1968) Zoologica,
53:19-30, i ndicate sone relationship between TS and T°. So we
propose that if we sense very warm surface tenmperatures, the maxinum
fraction of the herd till be hauled out which is represented by
paraneter "A'%, The rate at which the fraction haul ed out increases
with increasing surface tenperature is controlled by “a”.

The transfer function for the haulout patterns was derived from
Figure 2 of Fay andRay (1968). The function sin (x) -l-sin (5x)
produces approximately the same shape curve over the interval
W/6 to 57r/6. This curve is the fraction active. W want the
fraction haul ed out which can be modelled by this same function over
the interval 7x/6 to 117/6. The argunment of the sine functions
(e.g. (TH 42)) has been chosen so that the latter values are
obtained 38 0000 hr and at 2400 hr respectively. Constants B and
C set the relative magnitudes of the peaks and valleys in that
curve. Constant G noves the entire curve up and down setting the
absol ute value for the peak of the fraction hauled out in the early
af t ernoon.

Weat her history disrupts “normal” diurnal behavior and is
modelled on the assunption that following a period of bad weather,
a large fraction of the animals will be hauled out, presumably to
rest, on the first “good” day. W may define “good” for the nonent
as a Tof -10°C or a bit |ess. How | arge this fraction iswl|
depend on how long a time the weat her has been bad. This is
reflected in the resetinpulse transfer function. This reset is
activated only on the first good day after a.storm. How this
fraction is effectedby the durationof a stormis indicated by
the paraneter “b". The danped oscillatory transfer function re-
flects the probable course of events after a storm On the first
good day a large fraction of the animals is hauled out. After a
day or two (as reflected by the parameter “r”) the animals will be
rested and they will return to the water, presumably to feed
intensively, so that a smaller fraction may be haul ed out than
nornmal Iy woul d be under identical conditions after effects of the
storm have disappeared; i.e., the parameter “E’ indicates the
fraction hauled out long after the perturbation caused by astorm
has died away. How rapidly the perturbation dies sway is deter-
mned by paraneter “s”. Finally, parameter “D’ indicates the
maxi num fraction that will haulout on the first good day after a
maj or,. lengthy storm

10



QO her sorts of ecological information are provided by various
renote-sensing techniques. Infrared imgery may be density sliced
for walrus (hotter) and ice (colder) to yield very different
pi ctures which, when superinposed, give a conplete view of walrus
vis-3-vis i ce structure. It has long been supposed that walrus
require heavy ice for hauling out and |eads or polynyas for access
to and fromthe water. Areas of high ice activity, always with
some dispersive forces, are inplicated, but it appears that only
by remote sensing means nmay this supposition be tested and quanti -
fied. Some initial analyses indicate that walruses prefer to
haul out where leads of conpression and dispersion converge and
where sea ice is conposed of noderate, fractured floes, both old
and new. W will need further IR analyses to quantify this.

We have stated that we do not enphasize assessment per se.
Neverthel ess, our imagery can be analyzed for density and abund-
ance figures of visible animals and for certain group structure
information. Detailed such analysis nust follew M. Taylor’s
prelimnary work. A sanple of such data, conpiled by M. Thonmas
J. Eley, Jr., fromour photographic inmagery, is presented in
Table 111.

2. Technol ogi cal Data.

One of the forenost tasks facing any renote sensing project
invol ves the acquisition of “signature”. Wlrus are fairly unique
in their habitat in some ways, to the naked eye. Yet they may be
easily confused with brown ice (miltiyear or diatom covered) or
abandoned haul out areas, making counting and detection very diffi-
cult at times except at such close ranges that aircraft frighten
theminto the water.

First, we dismss the utility of UV,se successful for polar
bears and seals, (Lavigne and @ritsland, 1974a, 1974b) for the
target species here, although we have not been able to giveit a
thorough test. Analysis of multispectral data fromthe NP-3
flights has revealed a walrus signature. Walrus groups appear as
orange patches against dark green ice flows in the synthesized
i mgery. Haulout areas, visually nearly the same color as walrus,
do not appear. This separation results from acoloradditive
process. The synthesized image is formed when black and white
negatives obtained fromthe multispectral scanner in the 560+
40 nm (yel l owgreen) band and the 1015 £ 90 (near IR) band are
illumnated with red and green light respectively and then
optically superinposed.

A second signature concerns infrared in the 8-14 nm band.
W are now able to detect and neasure walrus surface tenpera-
tures from 5000 ft. The results of sensing may be presented in
a false color image. Each pixcel on the print approximtes

11



7.5 ft square and over each the tenperature is integrated. " The
temperature range covered by all the pixcels

divided into 255 tenperature levels. Since § = 256,)ra.htt Heat
levels can be uni quely represented by 8 bi nary digits or equiv-
alently by “conbinations of 8 different colors. Conputer analysis
then\auows not only the distribution of heattobe quantified,

but also atotal walrus area to be calculated. This represents
not nmerely a potentially powerful assessment tool, but also a
nmeans for gathering thermoenergetics information as well.

Lastly, we have achieved an inprovenent ia photographic
proficiency through the conmbined use of synoptic or wide angle
and slightly telephoto |enses operating on 2cameras simulta-~

mneously (see Methods). W are now able to make some structural

anal yses of walrus herds, to identify belukha and bowheads, and
to neasure sizes of whales from altitudes somewhat in excess of
3000 ft. We are looking into enhancement and intensification
processes for improvement in resolution. These results have not
been achi eved easily. The best caneras for the work are
extremely expensive or not avai |l abl e (panoramic types). Aerial
caneras nust be retuned for low altitude work. Light levels do
not permt the use of the finest grained film

For all of the above, the identification of the best test *
frames and data sanples by M. Taylor is a key to future
i nprovenent of results. Shortly; in md-April 1976, we will
have three ¢v-990 flights over the central Bering Sea. Qur
objective will specifically be to gather renote-sensing data,
especially IR and photographic, which will yield distributional
and group structure information and habitat correlation, and
which will further develop the techniques briefly described here.

Prelimnary Interpretation of Results

W have operated under severe technol ogi cal > financial, and
operational constraints, but we are able to state the strong
contrast between the potential and realized value of renote sens-
ing.. As renpte sensing relies upon a conprehensi on of physics,
its value is not nearly as well understood in the biological
community as in the physical, neteorological and oceanographic
sciences, with a few notable exceptions (cf. the work of the
Canadians on renmote sensing of maring mammals and that of Shapiro,
Burns, and Fay on ice structure vis & vis seal distribution.)

One factor is clear; the visual, low altitude survey methods
which currently dominate'sssessment” are not satisfactory. The
“principal of uncertainty” and such works as MIler and Botkin
(1972) provi de clear warnings that “gross estimtes” and “order
of magnitude" estimtes, phrases which appear all too often in
marine mammal assessnent reports, form dangerous operational
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frameworks. Cost analysis is often brought into the argument
for conparison of methods, but one nust ask “what is the true
cost of wunreliable data?”

Previous work of two kinds may be cited to illustrate the
evolution of our methods, first, on assessment of the sea ice
habitat of marine mammals. and, Second, on the detection and
enumeration of the animals thenselves. This is done in order
that we may contrast these nethods with those of nore tradi-
tional use.

One of the OCSEP goals is a classification of ice struc-
ture for data-logging purposes. Several workers have pointed
out the difficulty of detecting the thickness, age, and
structure of sea iceby any single method. A report of the
Rayt heon Conpany (1970) deals with the establishment of a data
base for sea ice evolution, enploying the integrated use of
SLAR, i nfrared scanning, photography, |aser profilometry, and,
accurat e mavigational instrunentation. Fischer and Lathram
(1973) point to the “unique synoptic perspective of the satellite”
vhich “yields information either not readily identified, or not
perceived at all by conventional nethods.” Kuhn,. Stearns, and
Ramseier (1975) denonstrate the power of infrared inmagery in

nmeasurement of sea ice thickness. Canpbell, Gloersen, Nordberg,
and Witheit (1974), in an analysis of sea ice, state that their
study “illustrates how a variety of surface based, aircraft and

satellite observations can be conbined and jointly analysed to
yiel d new findings which would not have resulted if the data
were treated separately.”

Perhaps it is this latter statement, nore than any other
which provides a xaison d' etre for our nethods -- aconbination
of sensors, used together, to describe a comon goal,namely
the description of the dynamics of marine mammals of the
seasonal |y ice-covered Alaskan seaswith relation to their sea
ice habitat. Siniff and XKuechle (1974) state our concl usion:
"Clearly, space technology could aid greatly in the evaluation
of the Antarctic biological resource." We believe this to be
true for the Arctic aswell. Cearly, evaluation of ice habitat
is essential in all studies of associated marine organisns. The
above statements tell us that it is impossible to evaluate ice
habitat other than by jntegrated aground-to-satellite neans.

G oss visual accounts are likely to introduce both inaccurate
and msleading data, no matter how sinple theclassification Scheme.

Sensing of animals within habitat demands: (1) higher
resolution and (2) a signature which differentiates animals
from their background. Heyland (1974) has used visual spec-
trum phot ography to great success on belukha. Lavigne and
Oritsland (1974b) turn to ultraviolet to differentiate polar
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bears. W turn'to infrared to detect walrus fromtheir back-
ground (Ray and Wartzok, 1974). These latter spectra can be
used to sense animal  presence far nore successfully than the
human eye, but it is essential to note that methods are highly
species-specific.  These methods are new, but mot unproven. They
are in marked contrast to traditional nethods which cannot
provi de data suited to the demand of assessment of environ-
mental inpact on an ecol ogi cal basis.

In conclusion, it is abundantly clear that ol der methods
need anplification in new directions, but it is not yet certain
what the extent and direction of that anplification mght b’ e.
Renote sensing surely provides one direction, but the synoptic
Vi ew provided cannot solwe the probl em of proportion of animals
visible. That proportion will probably best be discovered
through a conbination of radio tracking and detailed in Situ
behavioral and natural history studies. If the walrus turns out
to be an “indicator” or “keystone” species, as we suspect it will,
the inportance of detecting its nunbers and movenents in a highly
accurate fashion cannot be overestinated,

Thus, while it is too early in our project to make a critica
eval uation or interpretation of results, we do believe that the
sanpl e results given above provide an encouraging basis for further
wor k.

Probl ems Encount er ed/ Recormended Changes.

A severe constraint has been the decision, nade early in this
program to give little support to R and D efforts such as this
one. New goals require new methods, nDst often, yet renpte sensing
of animals, receives little attention from user agencies, with the
result that NASA has devoted a mninmum of support to efforts such
as those outlined in their Wldlife Mnitoring Program Plan (NAsa,
1974) .

] Further problems involve instrumentation, insufficient funds
and manpower for analysis, the time-consumng and costly nature

of the work at present, and certain difficulties in integration of
the efforts of all those with simlar tasks to devote.attention to
certain key species and areas. Further, the technol ogical counter-
part to renote sensing, nanely radio tracking, is receiving no
encour agement at 'all under this program This is in spite of the.
fact that it is the only known way to achieve a continuous record
of marine mammal novements in the hostile (to us) Beringean region

The best sol ution woul d appear to be a further commtnent of
OCSE? .. to this sort of work and interchange of task questions and
net hodol ogy between worriers.. When this interchange occurs, a great
deal of information on problem areas nmay be detailed and tasks :
specified to which these, technologies are applicable and to which
they are not.
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Estimate of Funds Expended

Sal ary

Personal Benefits
Supplies
Dupl i cating

Servi ces

Postof fice
Service Agreenents
Travel

Equi pment

Tel ephone
Conput er char ges

Costs (indirect @ 31%)

Tot al

Allotted
$2, 609. 00
391.00
87.00
100.00
1,200.00
30.00
1,500.00
1,300.00
1,100.00
200.00

700.00
2,783.00

$12,000.00

12

Spent
$1,143.75

171. 56

4.16

1,319.00

817.93

$3, 456. 40
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TABLE 1

BESMEX Flight Schedul e

No. of
Dat e Flight # Area Coor di nat es Runs Data Mles
73-14N
55-
“8 Sept. 74 3 Beaufort , 17 . 120
Sea 71-00N =20N
152-50 W 143-00W
2 9 R
9 Sept. 74 5 Arctic 9. 112
P Ccean Z§6&90ﬂ e
73-10 N
156- 4(1W
7I=20 7
Beaufort 155-50w , e
Sea 14 . 54
20 Sept. 74 ILO smith Bay) : 71-05N
SR 152-20W
70-57N -
152400
73-40N
177-40W o
“20 Sept. 74 15 Chukchi ~— 4 38
Sea 73-35N
176-400
73-16 N -
160-40W F
Beaufort . - T
26 Sept., 74 20 Sea 73-04N 2 8
159- SOW :
73- OON
160-40W

Coordinates outline included area

for_sanpling and do not imply
conpl ete coverage of the area shown.
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TABLE |

BESMEX Flight Schedul e

No. of
Dat e Flight # Area Coor di nat es Runs Data mles
0~-00N
3-30W
Véstern 58~10N
Bering 163-00W
5 Apr". 75 4 Sea 18 448
| ce Edge)
5 - 25N
L 8-30W
13~-00N
"4, =00W
Bering 61-58N
6 Apr. 75 5 Sea 171-18 648
8
61-00N
036N 173-00W
78-15W B
>T=33N 61-33N
74-02W 172-55
Beri ng )
7 Apr. 75 6 Sea 14 402
61-07N 5I-cm
74-02W 172-55%
61~33N 61~330
74-02W 172-55W
Bering
8 Apr. 75 7 Sea 10 300
61-07N 61-0’
74-02W 172-5! W
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-».Date

- TABLE |

BESMEX Flight Schedul e

Coor di nat es

Ar ea

Flight #

No. of * .|
Runs

Data Miles

19 Aug. 75

5 | chukechi

71-20N
168-00W

Sea N

70-308.
0-goN
149280

228

23 Aug. 75

(72-14N.
166-00W

Chukchi
7 ’ Sea
Barter 1sl.

-y \\&St)

19

438

4 Aug, 75

71-158
160-25W

71-03N
161490

| chukens
-8 R o
A Sea B A

70- 33N 70-33
161-49W - 160-49W

Ce4

592

28 Aug. ' 75

10

71- 30N

Chukchi. 169-00W

Sea
‘Ice line

along North
Coast Al as)

5~_ﬁ‘fﬁf‘“*‘*ﬁ~w"'
S - 70-08N
143-40v
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TABLE |

BESMEX Flight Schedul e

No. of
Dat e Flight # Area Coor di nat es Runs Dat a Miles
Chukchi Sea 70- 40N 70- 40N
Carib 167. - SOW 160-00W
11 at. 75 4 haar Cape. -- ~-200
Sepping$.
70- 30N 70-40N
Chukchi Sea 171-30W 168- SON
14 ct. 75 5 13 310
Cari bou Run; (13)
69-45N 69-50N
171-30W 168-50W
70~00N
St,
U
18 Oct. 75 7 & - - A~ 450
Chukchi Sea \"167’40“
A
63-40N (St. Lawrenc
170-40W | sl and)
0-00N
IZQ-SOW
j 69-43N
22 Cet. 75 9 ‘hukchi Sea ,69-430 N 16
69-40N )
R 170-00W «| 210 (Chukch
}huk(;hl Sea 68- SON 1 Sea)
¢ 166-50W ' 130 (Bristo
25Cct. 75 11 Bristol Bay ? ? - Bay)
58-358  58- 35N 340
160-35wW 159-55W
Bristol Bay
69- 40N 69-30N
170-00W 167-30W
¢ |
27 0tto 75 13 *hukchi Sea 1 (19) ~ 600
69-00N 69-00N
170-00W 167-25W
Note: Dataon these flights are available, but

analysis is not yet conplete.
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TABLE HI

Densities of Marine Mgmmals Visible
Beaufort~Chukchi Sanpl e Areas
From Aerial Photography

Walrus Bowhead Belukha
20 Sept. 1974 20 Sept, 1974 8 Sept 1974
No. Detected 917 74 73
(58 adult: 15 young)
Survey Area 25 nmi? 81 nmiZ 205 nmi?
(1 x205nm)
Densi ty 36, 7/rmi2 0.91 nmi’ O 36/nmi2
Total Habit at ? ? 1860 nmi °
(5x372 nm)
Total Calcul ated ? ? 670
Visible in Habitat (530 adult: 140 young)

Note: for walrus and bowhead, all data a real, -i.,e. from £ilm,
Cl unpi na _preventsacal cul ation of total habitat area.
For belukha, animals appear dispersed, in this case through

aband of ice edge 5 nm wde. The area sanpled was 1x205
nm in extent.
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Fic. 1 MODEL FOR PROPORTION OF WALRUS HAULED QUT (winred)
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ATTACHVENT 1 Page 1 of 3

LI ST OF €v-990 EXPERI MENTS - 1975 ARCTI C EXPERI MENT PROGRAM - PHASE ||

Go

| NSTRUMENTATI ON

Prinary Sensors

1.

3*

19,35~GHz (1.55-cm |naging
M crowave Radioneter; Beam
Wdth (BW) = 2.85° x2.85°

(+50° Nadir Scanni ng)

Two | maging Radar Systens:

A L-Band, 25-cm (1215-MHz);
3dBBWE= 18°; Elevation
BW = 90°; Range & Azinuth
Resol ution = 15 neters
(45° Right Side Nadir
Vi ewi ng)

B. VHF, 200-cm (150-MHz);
3 dB BW = 20°; Elevation
BW = 180°; Range & Azinuth
Resolution = 15 meters
(Right Side Nadir View ng)

Infrared Radioneters:

A, TI/RS-310H Infrared Imager;
Dual Detectors: 1 x 1 mr
and 5 x 5 nmr Spatial
Resol ution (+45° Lateral
Nadi r Scanni ng)

B. IR Surface (IRS) Radi oneter
(Barnes 14-325); FOV = 2°
(Nadir Viewing)

EXPERI MENTER

Dr. Per Gloersen.
Dr. Thomms T. Wilheit
NASA-GSFC

M. Walter E. Brown, Jr.
Dr. Charl es Elachi
JPL

M. Wilter E. Brown, Jr.
Dr. Charl es Elachi
JPL

Dr. Peter M Kuhn
NOAA-APCL

Dr. Peter M Kuhn
NOAA~APCL

MEASURENMVENT

Size and distribution of multiyear ice, ,
first-year ice, and mxtures. M crowave
emissivities of various forms of ice and
sea state.

Measures ice cover and sea ice thickness,
ice field patterns, ocean wave patterns,”

-and sea surface roughness”.

Measures ice cover and sea ice thickness,
ice field patterns, ocean wave patterns,
and sea surface roughness.

Tenperature maps of sea ice fields and
ocean surfaces. Detection of walrus on
sea ice cover.

Measures the surface IR tenperature in the
at nospheri c window spectral’ band 9.5 to
11.5 ym.
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(op)

| NSTRUVENTATI ON . -

4. Three Canera Systens:

A. (For BESMEX Flights)
RC-8 Camera, 9-in Film
6-in Lens; FOv =
(NadirV iewing)

73°

- B. (For AIDJEX Flights)
RC-9 Canera, 9-in Film
3.5-in Lens; FOvV= 104° x 104°
(Nadir View ng)
c. K5-878B Camera, 5-in Film
12-in Lens Cone; FOV =
21° x 21° (Nadir View ng)

D. Hasselblad Canera, 70-mm

Film 105-nmm Sonar Quartz
Lens; FOv ~ 31° x 31°
(Nadir View ng)

Secondary Sensors

1. Atnospheric Gas Sensors:

A Chemiluminescent NO
Det ect or

B. Utraviolet Absorption
Ozone Det ect or

¢c. Alum num Oxi de Hygrometer
(A1203)

ATTACHVENT 1
EXPERI

M. Bernardo G Ponseggi
NASA- ARC
x 73" -

Dr. WIlliamJ.
USGS

M. Bernardo G Ponseggi
NASA- ARC

Campbell:

M. Bernardo G Ponseggi
NASA- ARC

-Mr, Bernardo G Ponseggi
NASA- ARC

M. Gegory M Reck
NASA- LeRC

M. Gegory M Reck
NASA-LeRC

M. Gegory M. Reck

MENTER

Page 2 of 3

MEASUREMENT

Phot ography of sea ice,

sea state, and
mammal s.

‘ Phot ography of sea ice and continental
ice field patterns.

H gh-resol ution photography of sea ice
and mamal s. .

UV phot ography for the detection of nmammals
pups) |ocated on sea

(polar bears and seal
ice and snow fields.

Ni trogen oxide (NO.
Ozone (03).

Wt er Vapor (H20).



1.

N
u

| NSTRUMVENTATI ON

At nospheric Gas Sensors:
(conti nued)

D. Light Scattering Particle
Count er

E.  Condensation Nuclei Counter
F.  Negative Filtering Non-
di spersive Infrared Monitor

G Sanpling Bottles

H  Carbon Mbnoxide Detector

Supporting Systenms

1

4*

Inertial Navigation System
(LTN-51)

Central Air Data System

Radar Altineter (APN=159)

Time Code Generator and Signal
Distribution System

Airborne Digital Data Acquisition

System and Cosed-Circuit TV
Di spl ay

ATTACHMVENT 1 .

EXPERI MENTER

M. Gegory M Reck
NASA- LeRC

M. Gegory M. Reck
NASA~LeRC

M. Gregory M Reck
NASA-LeRC

M. Gegory M Reck
NASA-LeRC

M. Gegory M Reck
NASA-LeRC

Aircraft System
NASA- ARC

Aircraft System
NASA- ARC

Aircraft System
NASA- ARC

Aircraft System
NASA- ARC

M. Earl V. Petersen
NASA- ARC

M. Stephen Nel son
Informatics

Page 3 of 3
MEASURENMENT

Aerosol nunber density and size
Distribution.

Concentration of condensation nuclei.

Ni trous oxide (Nz0).

Halocarbon (Freon) analysis.

Concentration of carbon nmonoxide (CO.

Provides wind speed and direction, position,
true heading, attitude, and ground speed.

Provi des static air tenperature, pressure
altitude, and true air speed.

Provi des above-terrain altitude.
Provides UT time correlation, time signals,
and pul ses.

Records and displays aircraft flight,
navi gation, and experimenters’ data.
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A COMPARISON OF THE ACCURACY AND PRECI S| ON OF VI SUAL

AND PHOTOGRAPHI C AERI AL CENSUSES OF | CE- | NHABI TI NG
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By
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Bal tinore,. Maryland 21205

As presented by D, Wartzok at the Workshop on Renote

Sensing of WIldlife, organized by the Quebec Depart-
ment of Tourism Gane and Fish, Quebec, Canada, 17-20
November 1975.



BACKGRCOUND

One of the inportant functions of remote sensing in wildlife studies
isthe hard data it provides of the animals and their habitat. These can
be studied in nuch greater detail and at nore leisure than is usually
available in the field. These hard data are in sharp contrast to visually
acquired data of which the only record is the notes of the observer. The
information contained in remote sensing is certainly not the same as the
information available to the investigator on areal tine basis in the field.
In some ways there is additional information content, but in other ways
there is less since the data areusually acquired at one instant in time
so that dynamic aspects are lost. It is incunbent on those doing assess-
ments of wildlife to be fullyawareof the sources of error and variances
in the nmethods enployed and to attenpt to correct for them when possible.

In this paper, we present an analysis of the use of aerial photog-
raphy in censusing, considering first some of the biases it renoves and
then conparing the counts obtained from photographs with those obtained
in a sinmulated censusing flight. A great deal of effort has been devoted
by investigators and theoreticians to determne the best survey design,
sanpling frequency, degree of stratification, and coordinate statistica
anal yses to minimize the standard error of census estimates. These
efforts have resulted in greatly increased precision in estinmates for a
given effort or anount of aircraft time. Precision, inplying repeata-
bility of estimates for the sanme population, is of course only a part of
the problemand is not the sane as accuracy, which neasures how cl osely
the estimate corresponds tothe true nunber of animals in the popul ation.
For exanple, all of these sanpling protocols assume that there is no
observational bias--that all the visible animals within the sanpled. area
have been counted. Sufficient attention has not been paid to a variety
of mechani cal, psychophysical, psychological, -and natural history consider-
ations whi ch influence the proportion of aninals which aredetectable in
a sanpled area.

Sone of the factors which influence what has been called the "count-
ability” of animals (and therefore census accuracy) include physica
obstructions such as trees and rocks and, of prine concern forour interests,
ice and water. Animals in the water are hard to detect. Depending on the
subjectbackground contrast and water clarity we can see or sense them only
asmall di stance below the surface. Walruses can be counted with confidence
only when they are hauled out on the ice. There are avariety of environ-
mental , social, and tenporal factors which influence whether the aninmals
are hauled out. Wthout know edge about the interplay between environnent,
behavi or and physiology of the animals we will never be able to obtain an
accurate census regardless of the sophistication of either the survey
technique or the sensors on board the aircraft. Renmote sensing, in and of
itself, is not going to renmove these problens, but it can serve greatly to
increase precision which, at present, remains a significant part of the
census problem For exanple, the walrus popul ation estimte obtained by
Kenyon (1972) was 124,000 + 39,000. The range was derived under the
assunption that all animals on the survey strips were counted. Wen count-
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ability variances arising fromthe natural history and behavior of the

animal s are included, the need for both more accurate and more precise
censusing techni ques becomes apparent.

SOME SOURCES OF BI AS
Mechani cal | ‘ |

These biases occur in both visual censusing and in renote sensing
and include hei ght error, bank error and headi ng and drift error. ,
Changes in elevation of the aircraft result in changes in the sample
strip width,. Wiether neasured simply by sighting between marks delinit-
ing a known angle on an aircraft or when making counts from aerial
phot ographs. Accordi ng to Pennycuick (1969) height errors over uneven,
“terrain can be as much as 50%. W have experienced changes ia hei ght
of up to 10% by NASA's Convair 990 over open water or ice. Even 10% is
an inportant source of bias and this may be expected toincrease wWith .
decreased flight altitude. Renpval of such bias is relatively easywhen
using remote sensing and am aircraft such as the ¢€v-990,since photography -
may be correlated with a conputer printout updated every 10 sec. which
gives the time, pressure and radar altineter readings, the |ocation, speed,
headi ng, pitch, and zell of the aircraft. Such data yield quantifiable
correction factors.

Pitch and roll contribute anal ogous bi ases of varying degrees in
estimating the sampled area. Wth a nadir viewi ng camera the expected -
val ue. of these errors will be zero and sotheymay =ot introduce any .
bias. However, for a canera which has an oblique view, ‘such errors will
introduce a positive bias in population density estimtes as the included “.
area will be greater than that calculated for a given altitude. Lateral
drift im response to crosswi nds can result inadjacent transects over-.”:
| appi ng too nuch ox leavingtoo |l arge a gap between them In the process -
of correcting f£or drift, heading errors are introduced which are inportant”
if the orientation of the aninals isbeing studied. Again all the , E
necessary data for correcting for these errors are contained in the corn-
puter printout. o

lllumiﬁai_:ion

An inportant psychol ogical consideration influencing the countability
of animals is the various conditions of illumnation. In discrimnating
an animal fromits surroundings we rely on a number of characteristics of
light . The inportant ones are (G aham and Bell, 1969): 1) color contrast
both within the outline of the animal and between the animal and its . -

background; 2) the total illumnation which affects both contrast and
resolution; 3) the relativeillum nation or the extent to which the animal
is illumnated relative to its background; and 4) shadow ng. Al of these

characteristics are also “inportant when considering identifying aninals
on visual photographs. The need for adequate illumination and exposure
requires no elaboration but it is inportant to enphasize the inportance in
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most i nstances Of ecolor photography. We find itnecessaryto use col or
phot ographs to distinguish walrus from the feces-covered -ice constituting
their hauling out greas.We have al S0 had much better success counting
white belukha whales on color photographs than on bl ack and white ones.
Leatherwood and Evansatthe Naval Undersea Center in San D ego have also
arrived at a similar conclusion relative to the necessity for using color
phot ography for aerialcensusing of propoises (personal conmmunication).

Nadi r view ng cameras have an advantage under conditions of oblique
i1lumnation over either obliquely aimed cameras or hunman observers who”
are confinedto one side of the aircraft. If the observer of the
obliquely wviewing camera is on the same side of the animal as the |ight
source, the lateral surface of the animal is receiving the maxi num
iIlumnation while the background is receiving less. Thus, the animal
is highlighted against its background. If the observer is on the
opposite side of the animal as the liaght source, the |ateral surface
of the animal is illumnated only by diffuse |ight and the background is
reflecting the direct rays of the sun.

Detection _and Tine

There are many occasi ons when animals potentially visible to an
observer go unrecorded. One of these occasions is when single aninals
are widely scattered. Under these conditions, detection is enhanced by
simul taneous use of an infrared scanner or other such device that gives
anon-ambiguous “signature”. The. reverse situation occurs when there
are so many animals visible that there isnot enough time to count them
Grzham and Bell (1969) have estimted that the average observer can
maintain a counting rate of a maximum of 3 animals per second during a
flight. Under ideal conditions, counting from photographs, skilled
observers were unable to maintain counting rates exceeding 0.8 per
second over an eight hour day. Certainly, aerial photographs have a
major role to play in counts of species which tend to occur in groups,
such as wal ruses, since the groups can be photographed and then counted
at leisure at a |ater time,

Caughley (1974) di scusses several lines of evidence which show that,
i ndeed, time availablefor counting is the major factor influencing accuracy
of counts of observable animals. Using Eberhardt's (1968) sinplest sight-
ability model, he shows that when sightability decreases|inearly with
di stance, the regression of apparent density on strip width is also linear.
He then shows that this nodel fits the data from eight years of el ephant
censuses using different strip widths in different years. [|f the dom nant
determ nant of sightability were preceived size, we would expect sight-
ability to vary inversely with the square of the distance, or considering.
the conplexities of visual physiology, to at |east approximate this
relationship. This is not found. However, when the strip width is doubl ed,
the time available for viewing a given area is halved. This would indeed
generate alinear regression of sightability on strip width. Additional
evidence that time and not distance is the inportant parameter comes from
astudy by Pennycuick and Western (1972)” in which they denonstrated that
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approxi mately the same number of animals was counted on a strip whether
its i nner boundry was cl ose to the plane or di splaced 200m out ward.

Psychol ogi cal _Factors

We have seen how aerial photographycan remove bi ases arising from
hei ght, bank, drift and headingerrors as well as allowing as much time
as needed to make accurate counts. However, even.on high quality photo-
graphs there nmay still be-a problem in determning if a particul ar inmge
i s really an aninal o¥ not, The same indecision occurs, probably to an
even greater degree, in wisual surveys. Thus each individual has his own
particular conservative or less restrained psychol ogi cal viewpoint which
can introduce a significant bias, the magnitude of which is difficult to
state, “Some insight into this wasprovided by the sinmulated £iight test
to be described shortly. 1In order to conduct this test we first had to
determne the nunber of animals on our test slides. Assisted by T.J, -
Eley, Jr., we projected eachslide onto a screen and exanm ned each slide
in detail until we agreed on the number of animals present. These counts
were defined as the “correct” counts. Prior to the joint counting
session, we had independently made counts of the aninals on all the slides.
We then used amodel devel oped by Jolly (1969)todetermine whether any -
of us had a significant bias.

Jolly argues that any bias is likely to be roughly proportional to
the pumber of animals counted and therefore areasonable nodel for bias
i s y=Rxte, wherey isthe individual’'s count of asample slide, X i S
the corresponding correct count, Ris the ratio of the expected val ue of
the individual’s count to that of the true count and e is the random
error iny. The expected value of e is zero. The expected value of a
paranmeter is the average val ue it would have over a theoretically
infinite number of similar counts. The bias in y can be expressed as a-
proportion of the correct count and is therefore, E(v) - X = RX ~x'=R-1

- X X
where E(y) signifies the expected value of y. To estimate the bias, R
nust be .estimgted. I n Jolly's model, a highly efficient estimator of R
is the sanple ratio (total counts by an individual): -(total correct
counts) taken over a random sanple of the slides, that is,
R= y =_y = Jolly gives formilae for ecalculating the

X X2
standard error of the estimate of R To test whether there is evidence
of bias, a "t" test can be used witht = R - 1. W did such a test
SE. ®

and the result was that two of us had no significant bias in the counts
fromthe photographs butoneof us did have a bias significant at the .01
level. It turned out that this individual’s bias was in favor of over-
estimating by 24%the nuwber of animals on a given slide. It s
inportant to realize that there can easily be bias factors in censuses,
whet her conducted by wvisual neans or from aerial photographs. Care
should be taken to determ ne what each counter’s bias is and whether it is
significant or not. Jolly also gives fornulae for correcting counts for
this form of bias onceit has been recogni zed.
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A SI MULATED CENSUSING FLI GHT

An analysis of inter-observer wvariability constitutes the remainder
of this paper. For a sinulated aerial survey we used aerial photographs
taken during flights of NASA's NP-3 aircraft over the ChukchiSeain
Sept enber 1974, From 12.5x12.5cm and 23 X 23 cm color exposures we nade
up eighty 8.2 x 10.8 cm lantern slides. Forty of these slides were of
wal rus habitat; walrus were present on 20 in nunbers of 1 to 196. Twenty
other slides were of bowhead whal e habitat and twenty were of belukha

habitat. Half of each included whales in nunbers of 1 to 11 for bowheads
and 1 to 18 for belukha.

The slides were arranged to mmc an actual flight. First, it
"travelled" over the scattered “edge” ice of walrus and belukha habitats,
then through the nurky inshore waters of bowhead whale habitat, then
t hrough nore walrus- belukha habitat, etc. The slides were shown to a
total of 29 individuals in six different sessions around the country on
an opportunity basis.

For the testwe wanted to mimc an actual survey flight so we took
our paraneters from Kenyon's (1972) walrus survey. He surveyed by flying
in a Grumman goose at an elevation of 500 feet and ata speed of 140 knot s.
He felt that all animals within a onemle track w dth were counted.

In each session, the participants were seated so that the screen
occupi ed 80-90 degrees of their field of view 1In Kenyon's survey a
156 degree field of view was shared by two observers. Thus, in both
cases the observer had to scan approxinately the same angular field
al though in our test it was directly ahead of the observer'while on the
survey it was displaced laterally. Each slide was displayed for 10
seconds which is the time an observer would be zble to observe a group
of animals first seen when they were 78 degrees ahead of the aircraft
until they were directly underneath when flying at aspeed of 140 knots
at500 feet. The image size was approximately the same as if viewed
during an aerial survey at 500 feet. In our test, the animals were
di spl ayed the entire 10 seconds as they would appear when directly
under the aircraft. Al of these conditions are nore favorable than
during an actual flight. On the other hand, there was no notion of
either the animals or the obsexrver relative to the animals. Such
motion is often an aid in detection. Also the i mages were not as

sharp as animals viewed througha good aircraft viewing port. There-
fore, we have introduced both positive and negative biases, but we have
no way of knowing if they come near caneelling each other out, “nor can
we state how accurately this test neasures absolute performance in the
field. The value in this test design is to indicate variances of counts
between different observer categories and between different sizes of
groups of animals. That is, the main enphasis is on intra-test variables
and not on extrapolations fromthe test to the real world.

o
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In order to prevent the participants, frombecom ng keyed for each
slide as woul d have happened if the slides were presented at definite
interval s, the intervals between slides were varied on a random basi s
in 5 second steps between 5 seconds and 70 seconds with a nean of 35 sec.
Thus with 10 sec of slide presentation and a nean 35 sec interval, the
total session for the 80 slides lasted one hour. This is sufficient
time to introduce the oft-stated variable of observer fatigue, as
experienced during wisval surveys, The sanme slide presentation sequence
andthe samei nterval sequence were used during each session. Variable
screen sizes for different sessions aroundthe country were conpensated
for by varying the viewing distance of the participants. The quality of
screens” and projectors were conparable in all cases except one in which
t he screenwas of poor quality and there, was al so light reflection on the
screen. Six individuals out of the 29 participants were involved in this
one test which had sub-standard wviewing conditions.

For analysis, participants were divided into four groups; 1) those
experienced in observing walruses; 2) those experienced in observing
whal es; 3) pilots, and 4) novices. There were 5 in the first category,
4 in the second, 3 in the third, and 17 in the fourth. “Experienced”
observers included indiviudals who had seen the species indicated from
the air on numerous occasions; “novices” are whose who had seldom if
ever, done so. Pilots were separated out by virtueof their training
i N aerial observation. Awong the novices only 15 attenpted to count
‘walxrus because of difficulties in differentiating these animals from
brown ice or habitat areas, and the -counts of two novices of belukha
were discarded since they were over an order of magnitude greater than
those of allother novices. The latter probably results from diffi~

culties in differentiating belukha from |ike-sized chunks of white sea
ice., . : . . . . . . . ) (RS

Tabl e | gives the numbers of false positive and fal se negative
responses fromthe different observer categoriesfor the different species.
A false positive is when the animals were reported as being present when
none were on the slide and a false negative is when aninals were present
on the slide but none werereported. For the walrus and bowhead whale there
is an indication that ‘the experienced observersare nore conservative than
the novices in that they reported animals present when they were not present
only about half as often. However, the variances between observers were
SO great that only trends can be indicated. The differences are not
statistically significant at the 0.05 |evel.

Table IL shows the nean numbers of bowheads and helukhas for all
slides. Again there is no significant difference between the values for
the different categories of observers except for novices and pilots view
ing bowhead whales. This arises 'since they represent two extremes in the
number of aninals seen with the pilots consistently overestimting and the
novi ces consistently underestimating. The fact that there is no signifi-
cant difference between the estimtes of any of the observer categories
and the correct count dis not an indication of the accuracy of the counts
but rather an indication of the inprecision in the counts:
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In order to ook at the data in a way which would better reflect
the accuracy of the counts, we compared the mean value of the counts
wi thin each observer category on agivenslide With the correct number
of animals for that slide. If the difference was significant at the
0.05 level we assigned that slide a value of 1 and if the difference
was not significant, we assigned that slide a value of O  These
val ues we have termed "S" values. W then determned the nean of the
S values for the twenty slides of bowhead whale habitat for each
observer category. Simlar calculations were made for the belukhas and
the walrus. (This is an ad hoc test w thout the support of statistical
theory. W are in the process of working up these data under more
formal procedures.)

The significance of the differences of the nmean S values for the
two cetacean species are shown in Table ITI, The significance of differ-
ences matrix shows the pairw se conparisons for all the observer cte-
gories with each other and with the correct value. These natrices are
symmetric about the diagonal. W see that for both species al
observer categories have significant differences from the correct. In
general, the experienced whale observers had the least significant
difference fromthe correct. A so for these two species of cetaceans
with the one exception already discussed, there was no significant differ-
ence in the ability of the different observer categories to count the
animals .

We have the nost information on the wal rus slides since half of the
session was dedicated to walrus. W alsohad a wi de range of walrus
group sizes. W were interested to see how the number of animals within
a group affected the counting ability of individuals in the different
categories. For the purposes of this test, a group was defined as all
the animals which were on one slide and the clustering of the animals
within the slide were considered to be subgroups.

Table 1V shows the results of the means of the walrus counts. W& see
that in general there was a tendency to overestinmate the nunbers of animals
present except for the pilots who were very conservative. Table V shows
the significance of the differences in the means. Again we see that because
of the | arge variances no clear pattern energes other than that the pilots
are significantly different from the other observer categories because of
their substantial underestimtes. Also the experienced wal rus observers
appear to do poorer in conparison to the whale observers and the novices
when the group sizes are large. Again we have the problem of possible
i nformation on accuracy being swanped by |arge standard deviations. W
can gain additional insight by again |looking at the S values and the
significance of differences in their neans as we did in the case of the
bowhead and the belukha. Table vI shows the results of these cal cul ations.

Looking first at all group sizes we see a highly significant differ-
ence between the observed and the correct values for all observer
categories. If we try to determne who is doing better by seeing which
group of observers has the least significant difference fromthe correct,



we see that experienced whale observers do better at counting walrus
than experienced wal rus observers. This holds true for 21l 'sizes of
wal rus groups and, indeed, for the largest size groups, novices appear
to be at least as good or better than experienced wal rus observers.

Anot her factor to be considered in addition to accuracy is the
precision of the estimates. This can be investigated in two ways. One
is to conpare counts of thesameslidewhenviewed on two different occas-
ons. The second way is to | 00k at the mean standard deviation of the
estimates of different observer categories. Since the standard deviation
usual Iy increases with an increasing nmean, the standard deviation of each
slide for each observer category was calculated asapercentage of the
mean. These percentages were then averaged for the different observer
categories. The results of these calculations are shown in Table VII.
The pilots arethe most precise followed by the experienced. whale
observers, The novi ces are the least precise. The significance of the
differences in the precision between the different observer categories
are shown in Table VIII. The smaller the group size, the greater the
significance of the difference in precision of the estimtes between the
experienced observers and pilots on the one hand and the novices on the
ot her.

~ Let us return now to another way of determning precision of
estimates, i.e., by conparing the estimates from two or nore presentations
of the sane slide. Ten ef the walrus slides were shown twice, being left-
right reversed between showings. None of the participants reported noticing
that they had seen the sane slide twice. Table IX shows the comparison of
the nean estimates for each observer category for the reversals. The
second presentation-was at a variable tine later in the test. This test
of precision showed no significant difference between the nean val ues for
the first and second presentation of the slides in any animal group size.
You will note that in almost every case the estimate increased the second
time. Does this mean that there was asignificant shift in the estimtes
as the sessi on progressed? To investigate this point, the total test was
divided into thirds and the means of the walrus estimtes for each third
determ ned. These meansasa percentage of the total correct for each
third of the test areshown in Table X There was no significant increase
in the estimates as the session progressed.

CONCLUSI ON

The results we obtained fromthis sinulated flight test can be
sumarized as follows. First, the variance in the counts by all observers
for all species and group sizes should be noted. For bowhead whales and
belukhas, all observer categories showed siginifecant differences from the
correct val ues with the experienced whale observers appearing to be

slightly better but with no significant difference between the observer
categori es.



The experienced whale observers appeared to do better on the walrus
slides also, although no group is very accurate and all groups except
the pilots overestimated the nunbers Of animals present.

When We turn fromthe accuracy of the counts to the precision we
find that the pilots were the most precise followed by the experienced
walrus observers. Also the differences in precision are significant
for small groups of walxus but not for |arge groups.

Finally, there was a general trend towards an increase in the numbers
estimated during the course of the test, but there was no statistically
significant change.

+ In conclusion, we may conpare our results with those obtained in a
somewhat sinilar study on noose censusing. This studywas conducted in
Alaska by LeResche and Rausch (1974). They flew observers over four one
mle square, fenced areas within which were known numbers of noose. W
would have preferred to do a test like this also since it is nore
directly tied to the real world than our test was, but it is inpractical

tofence in a walrus herd on a chunk of ice floating in the mddle of the
Bering Sea.

LeResche and Rausch found that observers with current experience were
both nore accurate and moxe precise than either novices or observers yith-
out current experience. Current experience was defined as a participant
having flown a noose survey that year. There was really little difference
bet ween the observers w thout current experience and the novices. We are
probably alsoseeing the effect of current experience in our test. The’
experienced whale observers appear to be the best with both whales and
wal rus. Al of the” experienced whal e observers had current experience.
Only three of the five experienced walrus observers had current experience.
It appears that recent experience, even if it is on a different species, is
of nore wvalue than experience sonetine in the past on the species under
study. Experience also seems to pay off mpst when the group size is small.
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TABLE 11

MEAN NUMBERS OF ANI MALS OBSERVED

Cbserver
Cat egory Bowhead Whal es Belukha
Experi enced 2.3 2.4 2.1+ 4.0
Vil rus (0 - 11)=* (0 - 22)
Experi enced 2.0 £ 2.2 27 + 4.0
Whal e (01- 8) (O - 60)
Pilots 3.1 £ 2.8 2.0 + 3*5
(o0 - 20) (o ~ 17)
Novi ces 1.4+ 1.9 1.8 + 3.5
(o - 14) (o - 100)
All observers 2.1 £ 2.3 1+
(0 = 20) %0 -"1605
Correct Count 2.5+ 2.9 2.6 £ 4.5
(o- 11) (0- 18)
* Range

None of the differences are significant at the
0.05 | evel except for pilots vs novices counting
bovhead whales (P = .015)
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Exp . Walrus

Exp. Wale

Pilots

Novi ces

Correct

Exp. Wl rus

Exp. Wal e

Pilots

Novi ces

Correct

S| GNI FI CANCE OF DI FFERENCES IN MEANS OF “§

Exp .
Val ru

NS
NS
NS

. 0042

Exp .
Val ru

NS

NS

0020

Exp .
Whale

NS

NS

NS

. 0125

Exp .
Whal e

NS

NS

NS

.0394

TABLE 1III

BOWHEADS

Pilots

NS

NS

.0376

. 0308

BELUKHAS

Pilots

NS

NS

.0052

41

Novices
NS
NS

.0376

<.0001

Novices
NS
NS

NS

<, 0001

VALUES

Correct

. 0042

. 0125

. 0308

4. 0001

Correct

. 0020

. 0394

. 0052

<. 0001



cb

Observer
Category

Experi enced
wal rus

Experi enced

\Whal e

Pilots

Novices

All Qobservers

Correct Count

All G oup
Si zes

54.2 + 89,0
(O - 800)*

51,8 + 89.4
(0 - 1000)

12,4 + 21.9

(0 - 85)

37.2 + 58.4
(0 - 2000)

38.4 + 71.2
(0 - 2000)"

32,1 + 5200
(0- ~196)

* Range

TABLE 1V

MEANS OF WALRUS COUNTS

G oups of O25
Ani mal s

2.7
(o

3.7
30)

S

12.3 + 25.3
(0 -"2000)

10.2 + 24.6
(0 -~2000)

Groups of 26-75
Ani mal s

77.6 + 75.5
(o- 300)

72.5 +108.8
(o = 1000)

15.859.7
(4-55)

66.5 + 49,8
(O = 600)

58,1 + 71.9
(0 - 1000)

43.0 + 12.5
(34~ 63)

G oups of 76-200
Ani mal s

222.7 £ 73. 4
(40 - 800)

188.3 + 111.3
(0 =~1000)

48,0 + 38.8
(15 85)

151.2 + 67.1
(0 - "1000)

152.6 + 98,2
(0 - 1000)

138.3 + 45.5
(100-"196)

#1



Exp . Walrus
Exp. Whale
Pilots

Novi ces

Correct

Exp . walrus
Exp. Wale
Pilots
Novi ces

Correct

Exp. Walrus
Exp. Wale
Pilots
Novi ces

Correct

Exp. Walrus
Exp. Wale
Pilots
Novi ces

Correct

TABLE V

SI GNI FI CANCE OF DI FFERENCES | N MEANS OF WALRUS COUNTS

Exp .
Val rus

NS
. 0042
NS
NS

Exp .
Valru

NS
NS
NS
NS

Exp .
Valru

NS
0214
NS
NS

Bxp .
Val ru

NS
<. 0001

NS
. 0164

Exp .
Whale

NS

. 0048
NS

NS

Exp .
Wal e

NS

. 0366
NS
“0434

Exp .
Whal e

NS

NS
NS
NS

Exp .
Whal e

NS

. 0036
NS
NS

Pilots

. 0042
.0048

. 0048

. 0272

Pilots
NS
. 0366

.0.232

NS

Pilots
. 0214
NS

. 0048
<. 0001

Pilots
<. 0001
. 0036

.0012

<.0001
43

Novi ces
NS
NS
. 0048

NS

Novi ces
NS

NS

NS

. 0324

Novi ces
NS
NS

. 0048

NS

Novi ces
NS
NS

.0012

NS

Correct
NS
NS

.0272

NS

Correct
NS
. 0434

. 0324
NS

Correct

NS

NS
£.0001

NS

Correct
. 0164
NS

<. 0001
NS

15

ALL

GROUP
SI ZES

CGROUPS COF
o -25
ANIMALS

GROUPS OF
26 -75

ANI MALS

GROUPS OF

76 - 200
ANIMALS



“ Exp, Wl rus
Exp. Whale
Pilots

Novi ces

Correct

Exp. Wl rus
Exp . VWhale
Pilots
Novices

Correct

Exp. Walrus
Exp. \Whale

Pilots

Novi ces

Correct

Exp. WAl rus
Exp. Wale
Pilots
Novi ces

Correct

SIGNIFICANCE OF DI FFERENCES | N MEANS OF “S’

Exp .
Walrus

.,0050
NS
NS

<.0001

Exp .
Val ru

.0060

Exp .
Wal ru

NS

.0006

Exp
Walrus

NS
NS

. 0258

Exp .
\Whal e

. 0050

. 0002
. 0384
.0.182

Exp .
\Whal e

. 0488

Exp .
\Whal e

NS

.0020

NS

Exp .
Whal e

NS.

. 0052

TABLE VI

Pilot s
NS
. 0002

NS

<,0001

Pilots
NS
NS

NS

. 0056

Pilots
NS

. 0020

NS

£.0001

Pilots
N S
. 0052

NS
<£.0001

44

Novi ces”
NS
.0384

NS

<,0001

Novi ces
NS
.0488

NS

.0006

Novi ces
NS
NS

NS

<0076

Novi ces

NS

NS

VALUES

Correct
£.0001

. 0182
<. 0001

<. 0001

Correct
. 0060
NS

. 0056

. 0006

Correct
. 0006
NS

<. 0001
. 0076

Correct
. 0258
NS
<.0001

NS

ALL
GROUP
Sl ZES

GROUPS OF
8 -25

ANIMALS

GROUPS
26-75

ANI MALS

GROUPS oF
76-200'
ANTMALS

16
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TABLE VI |

PRECI SI ON oF WALRUS COUNTS
means of

(standard deviation as percentage of nean)

Qoser ver Al Goup Groups of O 25 Groups of 26-75 G oups of 75-200
Cat egory Si zes Ani mal s Ani mal s Ani mal s
Experi enced

wal rus 113 + 57 143 + 52 79 + 34 68 + 43
Experi enced

Whal e 145 + 45 160 + 42 114 + 49 132 + 24
Pilots 101 + 57 133 + 60 60 + 23 77 + 30
Novi ces 212 + 119 263 + 112 103 + 23 96 + 23
Al'l Observers 153 + 94 192 + 98 90 + 39 93 + 39
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Exp. Walrus
Exp. Whale
Pilots

Novi ces

Exp. Wl rus
Exp. Whale
Pilots

Novi ces

Exp. Walrus
Exp. Wal e
Pilots

Novi ces

Exp. Walrus
Exp. Whale
Pilots

Novi ces

SIGNIFICANCE COF DI FFERENCES [ ?!

Exp .
Wl rus

L0114
NS
<. 0001

Exp .
Walrus

NS
NS

<. 0001

Exp ,
Walrus

.0970
NS

.0990

Exp .
Walrus

. 0004
NS

NS

Exp .
Whal e

0114

.0008
.0004

Exp .
Whale

NS

NS
<.0001

Exp .
Whale

.0970

.0048

NS

Exp .
Whal e

.0014

.0004

.0080

TABLE VIII

Pilots

. 0008

<.0001

Pilots

NS

<.0001

Pilots
NS
. 0048

. 0002

Pilots
NS
. 0004

NS

. 46

Novices
£ ,0001
.0004

<.0001”

Novices
£,0001
<.0001

<.0001

Novices
.0990
NS

.0002

Novi ces
NS
.0080

NS
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ALL GROUP
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26 - 75
ANTIMALS

GROUPS OF
76 - 200

ANIMALS



TABLE | X

WALRUS REVERSALS

Means
Cbser ver
Cat egory Al Goup Sizes G oups of O 25 G oups of 26-75 G oups of 76-200
Ani mal s Ani mal s Ani mal s
1 2 sig. 1 2 Sig. 1 2 Sig 1 2 sig.

Experi enced

Walrus 80.3+51.1 114.4+ 34.7 NS 11.546,5 24.8+27.9 N S 53,2+36,7 72.4+27.7 N S 185.32137.3 206+92.3 NS
Experi enced

Whale 89.5+71,1 129,0+126.9 NS 23,9+23.2 16.9+13.1 N S 49,6+19.9 72.7+43.2 N S 207.5+228.7 312.9*363.3 1
Pilots 21.8+6,8  23.745.1 NS 3.451.3 5.2+0.9 .044 18,3+1,3 17.2#5.9 NS 45,0+423.6  50.9+9.4 N
Novi ces 67.8+40.7 102.1+87.2 N S 20.0+23.8 17.3%19.1 N5 54.1+25.6 86.5+69.2 N S 134.6+79.6  207.6+197.5 ?
All Observers 68.2447.7  99.4+83.3 NS 16.9+20.0 17.3£19.1 ys 48,9+27.1 73.1+57.0 . 055 145,6+123.3  216,1+207.0 1t
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Obser ver
Cat egory

Experi enced
VMl rus

Experi enced
Whale

Pilots

Novi ces

All Observers

TABLE X

Trends in Walrus Ceunts During Test
Mean totals as percentage Of correct

First 1/3 @) Second 1/3 (I1) Third 1/3 (111)
156 + 272 185 + 280 227 + 419
1662312 140 + 250 298 + 527
33 + 46 46 + 85 bh + 54
120 + 179 142 + 200 293 + 303
119 + 226 128 + 218 216 + 372

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Significance of Difference

11-111 =111

NS

NS

NS

NS

NS
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SYNERG STI C REMOTE SENSI NG OF WALRUS AND WALRUS HABI TAT

By

G Carleton Ray and Douglas Wartzok
The Johns Hopkins University
Bal ti more, Maryland 21205

As presented by G.C. Ray at the Wrkshop on Renote Sensing
of Wldlife, organized by the Quebec Department of Tourism
Gane and Fish, Quebec, Canada, 17-20 Novenber 1975.

And
As presented by D. Wartzok at the First Annual Conference on

the Biology and Conservation of Mrine Mamrmals, University of
California, Santa Cruz, California, 4-7 Decenmber 1975.



Visual surveys are currently the nost wdely used method of censusing
mari ne nanmal popul ations, but aregenerally recognized as unsatisfactory.
Indeed, a recent walrus survey report noted. that only"orders of nagnitude”
popul ati on estinmates are possible by that method. Another report on .
wal rus stated: “survey data provide a poor basis fromwhich to estimte...
the nunber in the area surveyed.”

The variances in visual estimates are very high. In a recent simulated
aerial survey we conducted using photographs of walrus, bowhead whal es, and
belukha whal es, the standard deviations of the estinmates were 100-150 percent
of the means for novices as well as experienced observers. Wrk by Caughley
and others has shown that aerial survey data fit a |inear sightabilitymodel
which suggests that one inportant factor in detecting animals is the length
of tinme one has to count the aninmals. Gaham and Bell have estinated that
t he maxi mum rate at which animals can be counted is 3 per second. Since muay
species of marine mammals end to aggregate in large herds, they are “routinely
encountered at rates far in excess of this figure and so group size becomes
a domnant factor. Aerial photography which allowsasnuch timeas
necessary to make the counts from a permanent record removes these inportant
vari ances involved in the sightability of animals.

So far we have referred to individuals which are visible, although
sone are alnost invariably overlooked on a visual survey. However, these
animal s can be detected and counted on high resolution photographs. Never-

"theless there are other reasons why aninals present in the surveyed area
may not be detected. The ‘most inportant consideration involves the
proportion of individuals that are at the surface at any given tinme where
they may be seen versus those underwater and thus not visible by any neans.
In reference to walrus in particular, the only time one can obtain accurate
estimates of their nunbers is when they are hauled out on the ice. Their
haul i ng-out behavior is influenced by a variety of factors including
circadian rhythns, social behavior, and environnental conditions. Thus ,

a detailed know edge of natural history is mandatory in assessment. W
areattenpting to look at these variables which have been alnost totally
ignored in previous wal rus surveys.

Circadi an rhythms can probably best be studied by using radio telen-
etry. However, much information on the influence of environmental
conditions on hauling-out behavior is susceptible to remote-sensing tech-
niques, by enploying a multispectral approach. In particular, we have
found a conbination of visual-spectrum photography and infrared inaging
a useful approach. The potential of infrared imgery, in the 10-12
m croneter wavel ength band, in the study of wildlife populations has
received nuch attention in the past few years. For many applications the
results have been disappointing. The reason for this is that a majority
of aninals have evolved rather effective methods of mnimzing the
temperature differential between their surfaces and the environment,
resulting in very little thermal contrast with their background. However
the walrus has sparse hair and presents astriking thermal contrast wth
ice under a variety' of environmental conditions, so striking in fact that




detection is better by IR than by visual neans. Further, repeated careful
counts from visual photographs of groups ofwalruses under a variety of
environmental conditions can be correlated with surface tenperatures of
the animal s haul ed out possibly resulting in amodel which will aid in
predicting the percentage of animals which will be hauled out. Such a
model will require intensified [ong-termresearch for validation.

W would al so like to point out another inportant benefit fromthe
simul taneous use of several different types of sensors. \alruses exhibit
mar ked aggregation behavior. This behavior introduces problens for
obtaining accurate estimtes of the population. W can see intuitively,
as more formal statistical approaches verify, thatthegreaterthis
aggregation behavior is, the greater the proportion of the habitat which
must be sanpled in order to obtain a population estinmate with a given
coefficient of variance. The best approach to this problemis better to
define the habitat of the walrus so that the total area to be surveyed
may be mnimzed. Accordingly, we are attenpting to correlate walrus
presence in an area with certain characteristics of amajor conponent of
their habitat, namely the seaicein that area. A variety of sensors is
applicable here. First, we usually fly with two visual caneras, one a
9“ camera with a 6“ lens giving a wde-angle view and the other a 5*
canera with a 12" lens giving atel ephoto view down the center. The
conbi ned use of these cameras gives w de cover and detailed visua
spectrum i mages of walruses and their habitat. The sane infrared scanner
used to detect walruses and to map their surface tenperatures can also
provide information on the thickness of the ice in areas of walrus
concentration. L-band inaging radar in the sidelooking format can pro-
vide information on the surface characteristics of the ice. |naging
mcrowave, particularly in the 19 Gz band, can be used to distinguish
between different types and ages of ice. In addition to the infrared
scanner, One or two imaging radars and one or nore inaging mcrowave
radi oneters, we sonetines have aboard a laser profilometer which can
give a detailed profile of the ice surface directly beneath the aircraft.
Lastly, the on-board inertial navigation and conputer systens provide
both atelevision display and a hard copy printout of pressure and radar
altitude, pitch, roll, heading and |ocation anong other parameters. This
information allows us accurately to determne the footprint area of each
phot ograph, thus renoving substantial biases due to height, bank, and
heading errors which occur even with good photography if such information
is not available. Al of these devices, used together, build know edge
of walrus natural history and habitat obtainable in no other way
Eventual Iy, they may introduce a new |evel of accuracy into assessnent.

How are we able to | ook at the animals and their habitats in so many
ways sinultaneously? The primary tool we have enployed in our program
The Bering Sea Marine Mammal Experiment (BESMEX) is the NASA (Ames) Convair
990, a four engine jet aircraft. Several features of this aircraft make
it very suitable for our program Use of jet engines renoves many of the
vibration problens that can deteroriate the resolution of visual photo-
graphs. The speed and range of the aircraft allows the survey of between



1000 and 2000 mmi? in the center of the Beri ng Sea.on each 6 hourmission,
The CV-990 is one of the few remote sensing aircraft |arge enough so that
all the sensors nentioned can be accommdated. However, we nust enphasize
t hat there are drawbacks and limitations to the use of this type of tech-
nology. The major one is, of course, the cost which becomes reflected in
tight schedules and limited amounts of flexibility in planning flights
when weather conditions, are best for obtaining the maximum amount of
information from each flight.

Wthin these constraints let us look at sonme of the results obtained
so far. Figure 1 presents some data obtained in April 1975 which ill us-
trates the extent of the problemin determning how many aninals are in a
given area from the number hauled out and therefore visible. This figure
shows the results of wvisual estimates on three successive days. The black
boxes outline the 32 by 28 nmi area surveyed with conplete coverage by
the IR scanner (data presently in analysis). The first day, the weather
conditions were still rather bad follow ng several days of storns. W
‘estimated about 437 aninals in-the area, wth alnmost conplete visual
coverage of the area. Thew nds renained noderate over the next 24 hours
so that the ice with the walrus associ ated nmoved only about 6 mmi to the
southeast by the next day. W were abl e to predict the movement of the
ice based on calculations made using an ice dynam cs nodel of Reed and
Canpbel |, in which the majordriving force is the wind stress field.
Centering our grid on the calculated position of the same 32 x 28 nmi ice
area for the next day, we were able to identify the sane area and on this
day the nunbers of walrus hauled out were estinated to be about 1200.
Simlar ice dynamcs calculations were made for the.next 24 hours, and
when we returned tothe same ice area on the third day, now shifted
another 6 nmi SE i n position, we estimated about 9479 animals hauled out.
By the third day the tenperatures had noderated considerably and there
was al mbst no cloud cover. Because walrus breathing holes in the thin
ice betray the animals’ presence we are sure all the animals had been
there all the tinme. The counts nerely reflected their behavior not their
presence.

W will now consider thernmal profiles obtained from walrus herds
using the infrared scanner. W have already mentioned the fact thatIR
enhances detection. Typically, we have found late winter ice to be about
-10-to -15°C and the hottest portions of walrus herds to be about +10
to 20°%., Al though the spatial resolution of the scanner is only 1 milli-
radian (that is only 3 feet ground resolution froman altitude of 3000 ft)
and thus |acks the necessary resolution todistinguish individual aninals
when they appear in a group, the very large20to 35°Ctenperature
differential does aid in detecting the animals over the 90 degree field
of view of the scanner. W then refer to the photographs for accurate
counts of the animals in agive herd. Small herds which m ght be m ssed
visual ly are usually detected by this means and, in addition thernal
energetic of the aninmals may be calculated fromthe thermal differentials
detect ed.
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Another value we have found in flying with several sensors is that
when the weather unexpectedly turns bad while the aircraft is in the
survey area, some useful data can still be obtained from the mission.
W have used both SLAR and microwave, in addition to aircraft radar,to
pl ot the ice edge under theseconditions. Since several species are
usual |y associated with the ice edge, this information is valuable for
optimzing airtime on future flights.

Finally | mght mention a few correlations we arejuststarting to
| ook at and those are between some anomolous SLAR returns and wal rus
herds and between some thermal spikes and the possible exhalations of
cetaceans. It is certain that IR does not pick up every whal e exala=-
tion and |ikew se that SLAR cannot be counted ontodetect every walrus
group. However, there are sone tentative correlations that certainly
seem wort hwhi | e pursui ng.

In summary, we are convinced of the necessity of new technol ogy for
investigating marine manmmal natural history and abundance. W are still
inthe R & D stage, but suspect that significant results will soon emerge
for walrus and whales, as isal ready becomi ng apparent for other species,
i ncluding harp seals and belukha, Further, it is obvious that these
nmet hods are almost sine qua non for ice-inhabiting marine manmals due
to the simple paucity of other logistics than aircraft in their habitats
and theinadequacy of visual techniques.

Acknow edgenent : This research is supported by contracts fromthe
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I. Summary of Objectives, Conclusions and Implications With}’é spect
'to OC Soil and gas devel opnent

Proposed oil and gas lease sites as well as nmajor shipping |anes to
service the petroleumindustry occur in the Bering Sea; Petroleum
development nust be viewed in terns of its possible. effect on the
marine mammals that use the Bering Sea either annually or seasonally.
The baseline objectives of RU 67 are to identify the kinds of narine
mammal species inhabiting the Bering Sea and specifically to increase
our know edge relevant to the distribution and abundance of pinni peds

and cetaceans.

he principal pinneped species inhabiting the Bering Sea are: ringed

eal , Phoca hispida; ri bbon seal, Phoca fasciata; largha seal, Phoca
largha; bearded seal, Erignathus barbatus; wal rus, (Odobenus rosnarus;
northern fur seal, Callorhinus ursinus; northern sea lion, Eumetopias
jubata; and spotted . harbor seal, Phoca vitulina, When the sea ice has
receded into the Beaufort and Chukchi Seas in the fall, some of these
species feed pelagic ally while others feed near-shore, or haul out on
various land forms. Many of these species (e. g. ringed, bearded,
largha and ribbon seals, and walrus) also use the sea ice during the
spring and summer breeding season. Hence, the geographic distribution
and abundance of all species during these critical periods must be
dete rmined, especially as they relate to gas-oil lease sites.

Cet aceans frequent the Bering Sea for feeding and migration throughout’
the year. Some are undoubtedly re sidents. Those cetaceans known or
believed to be present in the Bering Sea, for at least }sc':me time during
the year, are listed in Table 1. Times of migration, migration routes,
and feeding grounds must be identified for each species before manage-
ment decisions are implemented with regard to petroleum resource
development.

II. I ntroduction

A. Ceneral nature and scope of study.

RU 67 proposes to gather general population data on marine mammals

in the Bering Sea to develop a baseline of information, by time and place,
for evaluating how the activities of man might affect specific marine
mammal species. The kinds of baseline information we expect to obtain
are estimates of the numbers of animals season by season.

b1



Table 1. Cetaceans occurring seasonally in the Bering

Seae1

Suborder ODONTOCETI

Bottl e-nosed whal e, Berardius bairdii

Belukha, Delphinapterus | eucas

Stengers Beaked whal e,

Mesoplodon stejnegeri

Killer whale, Orcinus Orca

Har bor porpoi se, Phocoena phocoena

Dan porpoise, Phocoenoides dalli

Sperm whale, Physeter macrocephalus

Suborder MYSTICETI

B owhead whal e, Balaena mysticetus

M nke whal e, Balaenoptera acutorostrata

Sei whal e, Balaenoptera borealis

Bl ue whal e, Balaenoptera musculus

Fin whal e, Balaenoptera physalus

G ay whal e, E_schrichtius robust us

Hunpback whale, Megapte ra novaengliae

1. From Fay, F. H 1974.
Mammal s of the Bering Sea.

The Role of Ice in the Ecology of Marine,
pages 383-399. &houbD W Hood and E.: J.

Kelley (Eds, ), ' 'Oceanography ofjthe Bering * Institute of Mazine
Sciences, Univ. of Alaska, Fairbanks.



B. Specific objectives

1. Seasonal distribution and abundance of seals, sea lions and cetaceans
in the Bering Sea.

2. Spring and fall mgration patterns of gray whales and other cetaceans
and pinnipeds in the areas of the Bering Strait and Unimak Pass.

3. Locate rookeries, hauling grounds and feeding areas where oil

devel opnent may effect narine mammal production.

4. The estimation of animal numbers in critical areas such as oil and
gas |ease sites.

5. NOAA ship records and whaling and sealing records on marine
mamal s in the Bering Sea are to be interpreted with aerial survey data.
6. Summarize and evaluate existing literature and unpublished data on
the di stri bution, abundance, behavior and food dependences of marine
mammal s in the Bering Sea.

C. Relevance to problems of petroleum development.

Gas and oil lease sites exist in three important areas covered under
RU 67. The first potential lease site is in Bristol Bay extending west
along the north coast of the Alaska peninsula. This portion of the
peninsula is an important site for breeding harbor seals, sea lions and
sea otters (Enhydra lutris}), as well as for migrating gray whales
(Eschrichtius robustus) and walruses. The area also contains a local-
ized population of Belukha whales (Delphinapterus leucas),

The second potential lease site area, called the St. George ''Basin'!, lies
dire ctly beneath the path of migrating marine mammals moving into

or out of Unimak Pass. This area is of considerable importance to the
fur seal management act ivities of the United States on the Pribilof Islands.
The St. George “Basin” area is believed to be one of the most important
ecological “habitat” continuums in the Bering Sea.

The third major lease site area in the Bering Sea is north and east of
St. Lawrence lIsland. This area is an important breeding ground for
walrus, ringed seals, and perhaps bowhead whales (Balaena mysticetus)
and bearded seals.

I1l. Current state of knowledge

A. Pinnipeds, Sea ice can be divided into three general types as far
as providing a habitat for pinnipeds, They are (1) the edge-zone or ice
front, (2) heavier pack ice, north of the ice front, and (3) land fast ice.
During the breeding season largha and ribbon seals occupy the ice front,



while the bearded seal and walrus are usually found farthe r north in the
heavier pack ice. The ringed seal occupies, areas of land fast ice.
Although there is an, overlap” in the distribution of all these specie s,
during the breeding sea son individuals of each species are largely
segregated from those of, other species. During the breeding season

the ice ffont provides a unique opportunity to determine the abundance
and distribution of 1 argha and ribbon seals., The ice front is a defineable
area characterized by small ice floes seperated by water or slush. The
ribbon seal occupies the inner “edge” of the ice f rent while the 1 argha
seal occupies the outer “edge”.

B. Cetaceans. Unfortunately, our knowledge of cetaceans is not as
complete as that for pinnipeds. Certain species are known to feed and/or
migrate through the Bering Sea, For some species, gray and bowhead
whales, the times and routes of migration have been hypothesized. In

the late spring and early summer gray whales migrate northward through
‘Unimak Pa ss, up the eastern Bering Sea over oil and gas lease site

areas and into the Chukchi Sea. In the spring, Bowheads migrate north-
ward from west and northwest of St. Lawrence Is. through the Bering
Strait. For other cetaceans (Table 1) little information on seasonal
movement exists. Hence, many questions remain unanswered¢ about

the distribution and abundance of cetaceans in the Bering Sea; e specially
in relation to oil and gas lease sites.

IV, Study Area

The study area “includes open water and islands of the eastern Bering
Sea over the continental shelf f ror"approximately 54 “N. Latitude to
69 “N. Latitude, and 1.67 “W. Longitude to 178 ‘W. Longitude.

V. Sources, nethods and rationale of data collection

Three surveys were conducted during 1975, two along the Bering Sea
side of the Al aska Peninsula (surveys nunber one and two; RU 67-Al and---
A-2) and one in the northern Bering and southern Chukchi “Seas’(s urve y
nunber three; RU 67-A3).

Aerial survey number one (RU 67-Al)! took place from 16-20 June and
survey number two (RU 67-AZ) from 9-13 August. Both surveys were
specifically designed to locate rookeries and hauling grounds for northern
sea lions and harbor or spotted seals. The survey aircraft was a Grumman
Widgeon, chartered from Peninsula Airways, King Salmon, Alaska.
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Flights were .made during tines of |low tide to maximize our efforts of
locating animals hauled-out. Visual estimates and photographs of

animal concentrations were made at each hauling ground or rookery.

One (RU 67-Al) and two (RU 67-A2) Nikon camera(s) with 105mm and
135mm telephoto lenses were used to photograph the animals; identification
of species and numbers took place back in the laboratory. Flights

were made from King Salmon and Dutch Harbor, with refueling stops

at Cold Bay. Transects were systematically flown along the shoreline
and around islands and bays. The effective flying altitude was from

300 -500 feet.

The scientific parties for each survey flight(s) were:

RU 67-Al
Mr. Clifford Fiscus MMD, NMFS, Seattle, WA
Mr. Marcus Lester I " ‘" "
Mr. Karl Schneider ADF &G, Anchorage, AK

Mr. Donald Caulkine Il n I

RU 67-A2
Mr. Clifford Fiscus MMD, NMFS, Seattle, WA
Mr. Karl Schneider ADF &G, Anchorage, AK

Mr. Donald Caulkins " " 1

Aerial survey nunber three (RU 67-A 3) took place from 9-14 Ott ober,
This survey was designed to determine which species of marine mammal(s)
occurred in the northern Bering Sea in October, and specifically to try

to identify any mgration patterns of gray whales. The survey aircraft

was a P2V charvered fromthe Department of Interior’s Ofice of Arcraft
Services. Survey flights were made from Nome.

Visual estimates and photographs were taken to determ ne nunbers of
animal s seen. A Nikon 35mm camera was used with a motorized drive,
105mm and 200mm telephoto lenses. Two observers and one recorder
sampled from the bow of the plane while two observers aft took pictures
and rotated with the bow observers. The recorder noted animals seen,
time, position, weather and other appropriate sighting and environmental.
data. The se data could then be directly transcribed from field format

to EDS format.

Flight transects were determined at random before the survey, but

some were modified for reasons of poor flying weather. Approximately
2200 miles of ocean and coastline (including islands) were flown from

north of the Bering Strait south to approximately St. Mathew and Nunivak Is.

£:5



The effective flying altitude was 500 feet unless weather forced the
plane to fly lower.

The scientific party for the 9-14 October survey was:
RU 67-A3
Mr. Clifford Fiscus MMD, NMFS, Seattle, WA
Dr. Howard B raham " " i n
Mr. Robert Everitt " " I L
Mr. John Burns ADF &G, Fairbanks, AK
Mr. Edward Muktoyuk " Nome, AK

VI. Re suits

A. General. A sample annotatéd bibliography which represents
selected literature references used in planning for the spring 1976
field season is included in this report as an Addendum. Additional
annotations will be provided in the 5th and 6th quarter reports. An
integration of past distribution and abundance estimates frem the
literature with our survey data will be provided in the final report
due 1 October 1976,

B. Aerial Survey number one, 16-20 June 1975.

Rookeries, haulout areas, and coastal waters from Hagemeister Island
south and west along the Ala ska peninsula, Amak Island, Unimak Island,
the Krenitzen Islands, Unala ska Island and Umnak Island were surveyed.
Fog hampered survey flights in the K renitzen islands and prevented our
survey of the south si des of Unala ska and Ummnak |slands. Survey track
lines for the entire area are shown in Figures 1 through 3. The nunbers
of animals counted arelisted according to species in Tables 2 through 9.
The locations of sightings are shown in Figures 4 through 18.

C. Aerial survey number two, 9-13 August 1975.

Rookeries, hauloutareasand coastal watersfrom Cape Pi erce south

and west along the north side of Al aska peninsula and westward into the

caste rn Aleutian Islands were surveyed. Weather conditions were better
than during the June survey and those areas missed in June were examined —
in August. “Northern sea lion di stribution varies from June (the height

of the breeding season) to August when rookery popul ations are down and
many ani mal s” disperse to hauling areas. A survey in June covering the
south side of Unalaska and Umak |slands and Bogoslof |sland is needed

in 1976.

&6
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Table 2. Observations of Walrus (Odobenus rosmarus) on

Round Island, 17 June and 9 August 1975.

Locati on

Lat. ( “N) Long. ( “W) Date/Time

Numbers seen

Remarks

Round Island

58°36” 159°591

58°38' 159 °06'

17 June 75
1204-1215

9 Aug 75
1533-1540

9 Aug 75
1544

West side to-
tal - 2,358

West  side
groups - 12, 5
225, 170, 220,
185, 3, 8, 281,
1041, 87, 79, 121

Ela st side
groups - 102
150, 645, 136,
89, 119, 915 4,
294, 124, 93,
168, 19, 71

1

Tide 3. 9/4t. falling range
9.5 ﬁ}. Counts from Photos:
RU67AlI Roll 1 Total walrus =

3,524

Counts from Photos:
RU67A2 Roll 1 & 1A, Total
for west side = 2,437

Counts from Photos:
RU67A2 Roll 2 & 2A
Total for east side = 2,025

Total walrus = 5362

in water off Round I sland

70



Table 3.

Observations of sea otters (Enhydra lutris)

17-20 June 1975.

11

Date & Time of

Location Lat. ( “N) Long. ( “W) Observation Number
Unalaska |I.
Mclver Bight 53°30’ 167°10.21 19 Jun - 1003 2
Ship Rock (S) 53°22.38  167°50’ "o . 1518 4p
Ship Rock (N) 53°23’ 167°47' I . 1519 6
Emerald 1. 53°17.5'  167°51.5 no. 1524 29
Tiderip Pt. 53°17° 167°481 " 1526 25
Konets Head (E) 53719’ 167’50’ no. 1529 9
Krenitzin |.
A iktuk 54°11! 164°51’ 18 Jun - 1459 1
Kaligagan 1. 54°09’ 164°55! I~ 1500 2
54°09! 164°57 " . 1500-1510 36
Tigalda 1. 54°07.71  165°06’ I _n " 1
54°07.5’°  165°03' " - n 1
54°07.8'  165004. 6! I _n " 2
54°07.8°  165°07. 2! oL " 1
54°07.81  165008. 4° moo.oon " 2
54707.6°  165°09.9’ L i 2
Kelp Bay 54°07! 165°09.61 nooLw L 3
54°07.5’  165°101 wooLoom " 12
54°07" 165°12" nooLoon L 1
Unimak |. 54°58.5°  164°07. 6'- 20 Jun. - 1119-1128 3
55°04' 163°35’
Alaska Pen.
Amak 1. (west) 55° 25’ 163°09’ o 1220 60p
Cape Leontovich 55° 40’ 162°18" 18 Jun - 1225 1
Cape Pankof 56°02’ 160”57 20 Jun - 1401 1
Kudi akof 1. 55°22.51 162 °50" noo. 1321 1
Mof f et Lagoon 55029’ 162°33' - nmo . 1327-1331 25
55°37.2°  162"20.51



Table 3. (cent'd)

12

Date & Time of

Location Lat. ( ‘N) Long. ( “W) observation Number

Alaska Pen, (cont'd)

Port Moller 550581 160°37.5’ 20 Jun - 1416 1

Entrance Pt. 56004 160030.5 n ~ 1419 1

Three Hills 56°33’ ,15'9050’ " - 1443 1

Bechevin Bay

Isonotski I.- (N) 55000’ 162°20* 20 Jun - 1143 51
55002’ 163°221 " - 1148 132p

B. B ay

p = photo count

~J

L



Table 4. Observations of Northern Sea Lions (Eumetopias
jubatus) 17-20 June 1975. Numbers are based on
vi sual estinmates oron counts made from photo-

13

graphs (p).

Date & Time of
Locati on Lat. ( “N Long, ( "W Cbservation Number s
Cape A slik 53°25’ 168°24, 5! 19 Jun - 1628 285p
Cape Chagak 53731.8’ 168°14.3° " - 1633 20p
Cape Starichkof 53°84.5’ 167°04! " - 0955 100
Bishop Pt. 53°58.5'  166°57’ " . 1045:30 172p
Lava Bight 54°08.7’ 166°06' 18 Jun - 1610-1675 115
Reef Bight 54°08.8°  166°05.91 L I t 100
C ape Morgan 54°03' 16|6°01' " n " 2894p

20 Jun - 1020 1525
Cascade : Bight 54°04' 165°59! " " 1675
Battery Pt. 54°02.2’ 1{5°52. 2! 30
Talue Pt, 54°04° 165045.71 5
Jackass Pt. 54°06.4° 165°33, 5! 18Jun- 1537-1625 20
Billings Head, Akun |. ( East to Little Bay) I - U " 748
Tanginak 1. 54°12.2’ 165°19.3" I .1533 470p
Rock N. of Tigalda. l. 54°09. 8! 164 °59 n -1500-1510 80
Ugamak 1., N. Pt. to SE Pt.; 54°23 164°48’ " - 1453-1458 2550;
‘SE Pt. to Ugamak Bay n_ H 1390p
A iktak I. 54°11! 164”51" " - 1458 1
Rootok 1, 54°04! 165°31.61 " - 1500-1510 118p
Old Man ‘Rock 53°53.3’ 166°04.8° 20 Jun - 1215 180p
Cape Lutke 54°29’ 164°20° 18. Jun - 1441 22
Rock 1. 54°37! 163°38! . 1423 25
Sea Lion Rock 55°28’ 163°12! 20 Jun-- 1207 2006p
Unnamed Rock 55°27’ 163°09.3° " -,1209 108p
Amak I. 55°25! 163°091 no . 1220 1095p
Round I. 58°36' 159°59’ 17 Jun - 1211 325

9 Aug - 1533 244p
Little Twin 58°361 169°19’ 17 Jun - 1217 50




Table 5.
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Observations of Harbor Seals (Phoca vitulina
richardii) 17-20 June 1975 . Numbers are based
on visual estimates or on counts made from

photographs (p).

Date & Time of

Location Lat. ( ‘N) Long, (‘W) Observation Numbers
Umnak Island
Ananuluk I. 53°00.5’ 168°55’ 19 June - 1606 5
I 53°08.5'  168°48.2 no 1613
Unala ska Island
Er skine Pt. 5,3°59’ 166°16.4° " - 0932 4
Fisherman Pt. 53°56.5’ 166°13.7’ 1 -0934 15
B rundage Head 53°56! 166°12.3’ " - 0934:30 7
Brundage to Deep Bay 53°54.11 166°12.6° " - 0 9 3 5 10
53°54.7’ 166°12.6° n - 0935:30 25
Udegak St. 53°48! 166°18’ I -“0940. 10
Round 1., Beaver Inlet 53°46.3’ 166°23’ n 0944 10
Cat hedral Pt. 5,3044.4’ 166°53.3’ n -0952:30 20
Cape Starichkof 53°40.-51  167°04, 4! L -0956 51
Spray Cape 53°37’ 167°09.9: " -0958 35
Pumiciston Bay (N) 53°33,5! 167709.7’ " - 1001 6
Mclver Bight () 53°30’ 167°10’ " - 1003 9lp
Kasheya Bay 53°29.2’ 167°12.5’ " - 1008 27
Sedanka Pt. 53°29.2’ 167°19.5’ . - loll 12
Cape A spid 53°27’ 167°28.3’ ! - 1014 25
Cape Kovr izhka 53°50.7’ 167°10’ " = 1037-10.40 39
Pt. Tebenkof 53°59.4’ 166”53’ " - 1046:30 20
Cape Charful 54°01.2’ 166°40.4° " . 1050:30 48
Pustoi | sl and 53°24° 167°49.4° " - 1515:30 12
Rock off Konets Head “53°17.5’ 167°51.5’ " - 1525 .53p
Rocks off Tiderip Pt. 53°17.5’ 167°51, 5! " - 1527 100
Konets Head 53°19’ 167°51.2’ i -~ 1529-1%$31 50
Cape Kalekta 54°00.8’ 166°22.51 20 June - 1003 15
18 June - 1625-1639 72

Unalga 1.
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Tabl e 5. (cent'd)
Date & Tinme of
Locati on Lat. ( “N) Long. ( ‘W Cbservation Number s
Baby | sl ands
#1 54°00! 1{6°03. 2! 18 June - 1625-1639 10
#2 53°59.6’ 166°02.6° " " 92
#3 53°59.2’ 166°03.2° " " 32
#4 53°59.4’ 166°04.21 " " 35
#5 53°59. 8! 166°05" " ! 9
Krenitzin I,
Akun Is., Poa I. 54°07.7’ 165°29.4° 18 Jun - 1537-1625 20
Rootok 1. 54°03.2’ 165°30.5° " - 1500-1525 15
54°02.7’ 165°28.6: " - N n 35
54°02.4° 165 “29. 3! " L I 10
54°01.5’ 165-32.3° u i " 5
54°01,6 165°33.4° H n " 3
Avat anak |. 54°03. 6* 165°19.6° H -.1500 -71510 10
54°04. 3** 165°23’ " " " 9
54°04.31 165028.51 H " " 25
Rock N. of Kalyaga 1. 54°09’ 164°55’ n " n 75
Aiktak 1. 54°171’ 164°49’ H -1453-1458 30
54°11! 164°50.51 " " " 20
Al aska Pen.
Cape Layard 54°36’ 163°35’ - 1422 75,
Cape Lapin 54°58.5’ 164°07. 5! 20 Jun - 1109 125p
North Isonotski l. 55°00’ 163720’ " - 1143:30 258p
Cape Krenitzen 55°04.3’ 163°26° " - 1150:30 hop
Kudiakof Island 55°19" 162°54’ I 1224 41
Izembeck Lagoon 55°17.5’ 162°50.6° " - 1225:30 75
Bar N. of Kudiakof Is. 55°25’ 162°37.8’ n - 1324:30 1923p
Amak . 55°25’ 163°09! I . 1204-1220 14
Cathedral River 55°37.2’ 162°20.5’ 1 -1333 29p
Cape Leiskof 55°27’ 162 °05.1 " . 1338:30 96p
Nelson Lagoon (W) 56°00° 161°03! 18 Jun - 1202 565p
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Date & Time of

Location Lat. ( ‘N) Long. (,"W) Observation Numbers
Al aska Pen. (cent’d~
Lagoon Pt. 56°01’ 161°02.5’ 20 Jun - 1359 716p
Port Moller 55°56! 1.60040’ 18 Jun - 1155-1200  3998p

20 Jun -1405-1417 2366+3712=

6078p

Cape Seniavin 56°25! 160°071 18 Jun - 1133 10
Seal Islands 56°41° 159724’ 1117 1137p

20 Jun =1454:20 155
Port He iden 56°531 158°47! 18 Jun -1104-1109 4774p

20 Jun - 1505-1514 5273p
Cinder River 57°22" 158°06’ 18 Jun - 1044 925

20 Jun - 1532-1537 2 8 6 7 p
Ugashik Bay 57°37 157°32: 18 Jun - 1035 150

20 Jun - 1546 196p
Egegik Bay 58714~ 157°32’ A -.1608:30 20p
Egegik Bay 58°16~ 157°33’ " -.1610:30 30
N. Bristol Bay, Calin Pt; 58733 161°05! “17Jun - 1244-1250 .90

& vicinity

A
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Table 6. Observations of Gray Whales (Eschrichtius
robustus) 17-20 June 1975 along the northern
coast of the Alaska Peninsula and vicinity.

Location

Lat.'( ‘N) Long. ( “W) Date /Time Numbers R e m ar k s

58”07’ 157" 37 18 Jun - 0956 1 Egegik, Alaska Pen.

58°03 157739’ " -0959 1

58°01! 157° 39’ "= -.1000 K

57°56’ 157° 39’ " - 1002 1

57°48 157°43 " - 1008 1 Cape Greig

57°40° 157° 44’ " - 1012 2 Smokey Pt. (N)

57°38 157°43’ - 1013 3 Smokey Pt. (N)

57"37.% 157°43! o - 1013 3 Smokey Pt.

57°36’ 157" 40° o -1014 2 Ugushik Bay - sighted from
0956 to 1014; appeared to be
headed NE

57 °32! 157°53’ " - 1038:30. 1

57°30’ 157°58! "o - 1040 2 Cape Menshikof

57°28! 158°00' "o -1041 1

57" 28 158" 00" - 1041:30 1

57°05¢ 158°38! " - 1057 1 Observed from starboard
side

57°05°' 1,58" 38 " - 1057:30 2

56°38! 159°34! o - 1120 i Near Seal Islands

56°36' 159° 39’ "o - 1121:30 2

56°35" 1590448 "ooo- 1122 3 Incl. cow & calf - photos,
RU67AL Roll 2, frame 21-24

56° 34’ 159°47 meoo - 1123 1

56°34' 159”47 " - 1124:30 1

56° 34’ 159°47 - 1125:30 1

56°33’ 159°51' oo 1126 4 Three Hills, Alaska Pen.

56°27' 160°03" w1131 2 cow & calf

56°18' 160° 22: - 1138 1 Cape Kutuzof

55°59’ 161°24' noo- 1207 3 Off Nelson Lagoon

55047 162°051 - 1220 2 Cape Lie skof

20 Jun - 1338 3 = " incl, cow &

calf

55°43 162° 15’ 18 Jun - 1224 2 Cape Le ontovich

55" 40’ 162°181 I 1225 1 Photos: RU67A 1 Roll 3

frame 2
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Table 6. (cent ‘d)

Location

Lat. ( “N) Long. ( “W) Date /Time Numbers Remarks

55”39" 162° 20’ 18 Jun - 1226 3+2

55°37’ 162°25! " - 1227 2

55°28! 162°36! o - 1235 2 North end of Moffet
Lagoon

54°37.51 163°43.5' I - 1425 1 Near Rock lIsland

54”37’ 164°07.5’ " - 1434 1 S. of Cape Rukovits ic

55°48" 162°02 20 Jun - 1342 1

55°52’ 161°52. 5’ I~ 1344 1 Photos: RU 67A 1Roll 10
frame 27

55°56.5’ 161°37. 2’ I 1350 1 Plane circled for positive
1D

55°58’ ‘161 °29! " - 1352 South of Lagoon Pt.

56°01.6’ 160 °48} " -1404 Cape Rozkauf

5“6°281 1600001 i -~ 1436 Circled. Photos: RUb67TAL
Roll 13, frames 12-15

56°33.5’ 159°471 " 1446 2 Photos: RU67A1Roll 13
frames 16-18

56”35’ 159" 42’ . 1447 1

56°37’ 15903- 7’ " - 1448 1

56°43’ 1569°20! " .1456 1 Seal Island

56°50’ 159°02’ H - 1502 1

57°01.51 158°42! " - 1520:30 1 Photos: RU67A1 Roll 16
frames 1-9

5,7°33 157°52' I 1543 1

57°50’ 157°42’ I 1553:30 1

58°000 157 °4'0 't . 1557:30 1 Plane circling for positive

" - 1558 1 | DS

58°04" 157°39’ I . 1600 1 Phot os: RU67A 1 Roll 18
“franes 9-21

58°10’ 157 °35! " - 1604 1

58°11! 157°35! n -1605 1

58°12. 5 157°33 - 1607 1 South si de Egegi k Bay

total 84

\
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Table 7. Observations of Belukha (Delphinapterus
leucas}), Minke Whale (Balaenoptera
acutorostrata), Harbor Porpoise (Phocoena
phocoena) and unidentified cetaceans from
17-20 June 1975.
Location
Lat. ( *N) Long. (°W) Date/Time Numbers Remarks
B elukha
58°42.5’ 157°24° 17 Jun - 1125 1+1 portside between
Naknik R. &
Etolin Pt.
Minke Whale
54°26’ 164°24' 18 Jun - 1443:30 1 near Cape Latke
53°25.5’ 167°33.4’ 19 Jun - 1023 1 Chernofski Pt.
Unala ska l.
53°27.4° 167°28.3’ 19 Jun - 1025 1 Cape A spid,
Unalaska I.
53°24! 167°38.3’ 19 Jun - 1535 1 Station Bay,
Unala ska I.
Harbor Porpoise
57°56, 5" 157°39’ 18 Jun-1001 1
55°51" 161055’ 18 Jun - 1218 3 (tan in color)
53°52.7’ 166°32’ 18 Jun - 1900 1 Unala ska, Village
Channel
57°05’ 158°391 20 Jun - 1522 1
57°15! 158°28’ 20 Jun - 1527 3+1+1+1
58°001 157°40! 20 Jun - 1557 1+1 circling for posi-
tive identification
58°04’ 157°39’ 20 Jun - 1559 1
58704’ 157°39’ 20 Jun - 1600 1+2 Phot os RU67A1
Rol | 18, franes
9-21
58°11 157°35’ 20 Jun - 1606 1
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Location
Lat. ( “N) Long. ( “W) Date /Time Numpers Remarks
Unidentified Cetaceans

58°48! 160°16~ 17 Jun - 1312 1 whale, north of
High 1. , Bristol
Bay - w

56°04’ 160731” 18 Jun - 1145 1 whale between
Cape Kutugof &
Port Moller

53°25’ 167°33.4~ 19 Jun - 1016 1 whale, Chernof -
ski Pt.

53°25! 1677°33.4" 19 Jun - 1017 1 whale, Chernof -
ski Pt.

53°25! 167°35” 19 Jun - 1022 3+1 whale, (probably
minke )

53°27’ 1670241 19 Jun - 1022 1 whale, Wedge Pt.

53°38’ 167°10! 19 Jun - 1032 1 whale, Spray Cape

53°38.5’ 167°09 19 Jun - 1032 1 whale

53°40’ 167°03’ 19 Jun - 1033 | whale

53°23’ 167°47’ 19 Jun - 1518 1 whale. - near Ship
Rock

53°24.5” 167737’ 19 Jun -~ 1536 1 whale, Peacock
Bay, Unalaska |I.

53°59” 166°28. 6! 20 Jun - 1001 1 porpoise (harbor? )
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Table $. Marine Mammal Carcasses Observed during
RU67-A1 Aerial Survey Flights, 17-20 June 1975

Location
Lat. ( ‘N) Long. (‘W) Date/Time Species Remarks
58°38’ 160°16! 17 Jun - 1225 1 Walrus Crooked Island (south
end)
54”37’ 164°07.5’ 18 Jun - 1434 1 Gray Unimak Bight, Unimak
Whale Island, Photos”: Roll 3
frames 13-16. (brown
bear standing near
carcass)
53°28' 167°12’ 19 Jun - 1007 1 Unid, Buck Bight, Unala ska Is.
Whale
56°14.81 169°23! 20 Jun - 1425 1 Gray Sandy River - Photos:
Whale Roll 12, frames 29-31.
56°171 160°22' " - 1426 1 Gray Cape Kutuzof - Photos:
Whale Roll 13, frames 1-5.
56°20’ 160°071 " - 1431 1 Gray West of Muddy River
Whale Photos: Roll 13, frames

6-11.
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Table 9. Marine Mammal Carcasses Observed during
RU67-A2 Aerial Survey Flight, 9-13 August 1975

Location

Lat. (‘N) Long. ( “W) Date /| Tinme Speci es Remar ks

58°26’ 159°05’ 9 Aug - 1517 1+1 walrus S/W end of Nushagak Pen.

58°28’ 159°06' - 1518 1 walrus n

58°31! 159°101 - 1520 1 walrus W tip of Nushagak Pen.

58°42" 160 °16'30” I . 1550 1 walrus NE side of Crooked Island

58°42.5’ 160°27.51 " .1556 1 walrus Floating in water NE of
High I.

58°48’ 160°43’ - 1607 1+1 walrus NE side of Hagemeister |I.

58°49’ 159°33’ " .- 1709 1 walrus Tvativak Bay

58°49’ 159°29. 5! nmo - 1710 1+3 walrus Coast S/E Trativak Bay

58°46’ 159°23’ - 1712 1 walrus W coast of Nushagak Pen.

58°40° 159°16’ I w1713 1 walrus On coast NW of Kikertalik
Lake

58°39’ 159 °1 6! eoo-1713 1 walrus On coast W of Kikertalik
Lake

58°32’ 159°11’ "o - 1716 1wal rus W coast Nushagak Pen.

57°08’ >5'8°311 11 Aug - 1343 1 gray whale Coast Ne Port Heiden
Photos: Roll 4, frame 1

56°42’ 159°20! " - 1404 1 gray whale Seal Islands - Photos:
Roll 3A frames 16-17
Roll 4 frames 13-14

56°41’ 159°24! " - 1406 1 gray whale Seal Island - Photos:
Roll 4, frames 15-16

56°39’ 159°291 - 1409 1 gray whale S end Seal Islands - Photos?
Roll 3A, frame 18; Roll4
frame 17

56°31’ 159°50’ "o 1415 1 gray whale 10 miles NE of Cape
Seniavin - Photos : Roll 34
frame 19; Roll 4 frame 18

56°20; 160°14.5’ N 1424 1 gray whale Cape Seniavit, Brown bear
nearby. Photo S : Roll 3A
frame 20% Roll 4, frame 19

56 °18'30" 160°19’ " 1427 1 gray whale On coastbetween Cape
Seniavin and Cape Kutuz of.
Photos: Roll 3A, frame 21
Roll 4 frame 20

56°01.5” 161°00’ " 1447 1 walrus Nelson Lagoon

$2)

{)8a
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Table 9. (cent'd)
Location
Lat. ( “N) Long. (‘W) Date /Time Species Remarks
56°01’ 161°04° 11 Aug - 1449 1 harbor seal Nelson Lagoon
55°51" 161°53’ - 1500 1 harbor seal N.. of Cape Lie skof
55°41016 162°080 ' - 1507 1 gray whale S. of Cape Lie skof
Photos: Roll 5, frame 1;
Rol | 4A, franme 3
55°29; 162°31’ I~ 1520 1 sea lion(?) Motfet Point, brown bear
nearby. Photos: Roll 5,
frames 3-4; Roll 4A, frane
4
54°09’ 165°291 13 Aug - 1154 1 sea lion Tanki vak 1.
"2 1607 1 gray whale Sane one observed iI Aug
1975 at 1427
" .1609 1 gray whale Sane one obsepted 11 Aug
1975 at 1424
- 1617 1 gray whale Same one ob se rved 11 Aug
1975 at 1415
- 1624 1 gray whale Sanme oxe observed 11 Aug
1975 at 1409
56°41 159°26' "o 1626 1 gray whale Sanme one observed 11 Aug
1975 at 1404, but noved.
Seal I.
" - 1626:30 1 gray whale Sane one observed 11 Aug
1975 at 1406
57°54.5’ 157739’ - 1742 1 gray whale N of Cape Geig
57°54.5’ 157739’ . 1745 1 gray whale N. of Cape Greig - Photos:

Roll 18, frame 10

83



24

160001 ¢ ' 15’90 i5¢
58940 |
i
MLAUS N
I3EX E.Q.SLAM 'é"'h"‘ or "/"“'( I' | Jeme /775
3/521/
\UALRUS .
DARENUS RO l‘.‘;&?,ﬂi
s 15,464,331,
oUg Pt ,7/} A53
88,591 kA= NG
27,93 o
XY, 164 - !
vy, =;u77) % t5‘/,;1,-{ (M: I?G)
58°35*

17 June 1975

|
|
|

p: v
—

A

ROUND ISLAND- LASKA PENINSULA
WALRUS ISLAND GRQUP | | W
Bering| Sea Bristol Bay ¢
j_
4
P |
/'.f" Mﬁ%
| P Unimak Pass
! ,
4
e Pacific Ocean




25

160"01 ! i acns 550
58940 !
ORI e ——————
FTTRYS Eofenamug T fOfuf -:.ori.s/a.aj 7 Auj 1995 -
5,342
v’2LRUS
[oaneig BORMAR

102, 150,¢ s,
136,29, "4,

RLRNS
),151 protanys q.15 */ 297; 1> ‘//
o 93, ¢34, 7/
1251709, 1(etels 2025)
20 )¢5, !
|
244,28,
041, 87,79, A

al A
botal = 4/37)1\15 8

58°35!

! ALASKA PENINSULA
-ROUND | SLAND- 1 7

o
Bristol Bay

WALRUS ISLAND GROUP
Lo Bering Sea

P Unimak Pass
. /jl
* |

s Pacific Ocean”

/

Fig. 5 9 Aug 75




26

ueesQ dFoed | et
- \%
Za
% 0 sx9130 ©9g
sseg yewtupn &4 : yewy Suore g ()suolf ®eg 9 ‘814
i 7@%
) [ 4
7
J Leg 1o3lsixg eog [Sutlog
SNEL
VINSNINTL VISVIV I |
_ ANVSI
,G¢
°58 AVINY =
ooy
T A

@)
| oy @
NOITV3S

WOOH AEWVNNA-

ox w_o¢®




27

!
Spue[s] UIZ}IUI3] - G) dunf - Suoil edg ) ‘Iid

wead vl " /

4

|
WNELY m

VTASNINII VISVTIY

e d

7

] Keg roisiag eag'Suizag
N.

'

3

N

P g *
1 uvobobijoy -




28

Hosoge

1 00g >

Id upinyy

3JA0D AQGNVS

‘td 9bp1y<” S
GNVISI NAOMVY AVE NVLINANYV o
Avg NOXY wmoomma -
H Vs
.-nmxﬁaw_w\@m :
«ﬂw@ . ;
- |
s I
ot K4 w : ”
) Leg 1038129 m vag Suitag

AT

VINSNINAL VASYIV




o
™
\ ggeg yewuy

ad S 1\\
n Mg wlS

els

w
~
. Nt “
! i
t

i

>

..N Avg roimyag vag Jmzog

WNiLr

A

VINSNINId VISVYIV

1,45

T 19930 eog
Q ._”/mwm doqrel

{) uvoipesg OT°

mb aungp

A N/

3ta

HSNAVHN

10unod
[LouAl

PO3H S13u0 UG
Ty

oE43




54
10

(ehe

Fig. 9

AKUTAN BAY

Akutan Pt. -

AKUTAN ‘
HARBOR -

Al)@u PENINSULA
b\

' Bering Sea Bristol .Bay ‘
S : - v
. : ® ' C
[ 3(5‘:
. H S m‘
~N H 1 I X : %
Sea lions - June 75 - Krenitzin Islands : lfkjgﬁf Untmak Pass
l ' H . ’.

Py .
4 Pacific Ocean

62




16°

Bng,dslof L4 31

68”

‘ .
,

530 °°gchul ,o
Vsevidof |,
Pancokg Rk.
Adugak
l. o=
Cape Sagak %
)
od’%f June 75
2 Somalgq [ / Fig. 11 Sea lion O

| Harbor seal ©

The Pillars

)‘DUD.L

giack Rt

ol

Emerald lg

Polivnoi

*

l

ALASKA PENINSULA

L7t

Buing'Sea Bristol Bay !
o
- /f'
. "Q:",rﬁ“"
. A F)
s
A
: P Unimak Pass
2 t
o’ ¥
l Pacific Occan



32

usplay :ol

UlADIuU3g maoo\m

‘) J9s19wa oH

a SpuDys)

SL eunp )10 ©

§L sunr g1 O ‘

SL sunf 0z Q (ARSI X |
STedg Ioqaey

ueas0 SYIINd

.tu*Sanﬁt

adoj

33119

&\nc
» 1
Keg 1013 eog dmaeqg _
v '
\l&l y [V
VINSNINGd VISYIY e
WOYuamMay; -

ado9



33

TN INOws

4 Reg 10y311g

Ny

.“_‘

GL sunr g1 B
gL eung 02'Q €1 Sd
87edg zoqaely

CNMWIICE /WZ

or3

g Suyzog

YINSNINIL VISVIV

13110 ta0g

Td 22007

Jjozniny adoy

. ’

: ¥y 5

& jouyzoy v, &
/3900

EMvz-2

&9 = (Gage®
o-
A

v

uvooboq
osjanN

! ‘(\ )

o

u0060
~0. T

O

Jaysiicg
ado9

e
[N

-
~

uooboy
yaquwaz|

0 e




34

't vobofgoy

‘| punoye

_ xf.v__g. )

19330 eas (0

steoag IoqIer Q) R4 X
Gl sunf
. )
D k ‘.\\0\ .
A s
¢ &
{;
| o0 7
SI Vvailvoldl
*
v, 'y
, S [ T
& 0]
% A\ Q i
] o m gt o

-~

Leg 103813g eog 3uireg
. (R
Yoy H

» o]

T VINSNINIL VASVIV

e




GJ. auny
s{eag Ioqiely 6T ‘Std

ONVIASI MYNVLIVAY

‘HY tlosoge

=A0D
‘4d of
AVE NELNY

NN XM

‘| youtbup S

\s(

ueadQ oytoeg __
_ e

7
seed yeunup x@%_

..w.%& e«w@wﬂ“ . \
B \
| .
|

Aeg 1o3sjag wag Suprog
- vAsy :
&/)\L. '

VINSNINAL viSVIV

AV NnXY

S




166°16’ ice '05' i6
36
Flotiot
Bights
AK UTAN 1.
ALASKA PENINSULA v
' T i
Lisng/
. Bering Sea Bristol Bay ;i
. 3
-, - |
. X4 i v
£ Triplet
. riplet.,
(‘. Unimak Pass Fzzcks .
27
.® o Pacific Ocean
N %

UNALGA

Fig., 16 Ha
Jur

R . °

1Bfund

- a
Head ge

ISLAND

rbor Seals
e 75

L

8ABY ISLANDS

| qg%



) A
Walrus

Cape
Newenhom < Islands

Cape
Peirce

‘Hogemeister |,

Fig. 17 Gray Whales
D_ 20 June 75
O 17 June 75

Taimol Pu88

/ Gape Seniavin
Zaellls G:‘.C‘-'-ﬂ

(]
_C.ope Kutuzof




12110mt

_Mtogaoq
1R JI0N

o0 nanu.nw sytoed . -
\a) \ a«\s
ssed yeunup W&ﬂ&%
.;-L\.v.;) '
W . gL aunp L1 Q
: - G aung 0z O . o
: Keg Tos013g ®og Bujreg soreypm Aern 81 "81a
NS o :
VINSNINAS J..vmm<A< WM
N N
RI\I)\IJ().\I
s~
; & el
N =
43y21i0§
adoy

yaquaz|




39

The August survey trackline is shown in Figures 1 through 3. Approxi-
mately 2600 miles of coastline were flown in August and 950 photograp
of marine mammals were taken. Counts of animals are being made
from the slides and the results of the counts will be presented in

final report. |

The species observed during the\r‘hgust survey were:
Sea Otter Enhydra lutris
Northern Sea Lion | Eumetopias jubatu

Walrus Odobenus rosmarus
Harbor Seal Phoca vitulina -~

Gray Whale E schrichtius robustus
Minke Whale Balaenoptera acutorostrata
Harbor Porpoise Phocoena phocoena

‘D, Aerial survey number three, 9-14 October 1975.

iAll pelagic marine mammals observed in the southern Chukchi and northern
iBering Sea during the October survey are sumn=s rized in Table 10. Four
iunidentified whales were seen, three in the southern Chukchi Sea northwest
lof Kivalina, AK and one in the Bering Sea west of Nome, AK. Of the 13
‘walruses observed, six were seen in the southern Chukchi ‘Sea, one

ln-orth of St. Lawrence Is. and six south of Hagemeister Is. in north Bristol

'Bay. Four bearded seals were observed in the southern Chukchi Sea west
of K otze bue Sound.

‘Twelve largha and/or spotted (Harbor) seals were seen; one in the Bering --
Strait and 10 just west of Nunivak Is. Approximately 333 northern sea
lions were photographed hauled out along the east shore of Hall Island

just northwest of St. Mathew Island. A chronological geographic listing
‘of each marine mammal species sighted is recorded in Table 11,

Many dead or beached marine mammal carcasses” were observed during
the survey (Table 12). The se data were forwarded to Dr. Francis Fay,
Univ. of Alaska, for use in his OC S research project on, mortality and

morbidity in miarine mammals (RU 194).

VII. Discussion

A. Aerial surveys one and two, 16-20 June and 9-14 August.

Life histories, distribution and abundance of each species surveyed
along the A laska peninsula will be de scribed in detail in the final report
(1 October 1976). The numbers observed and locations of animal concen-
trations will be compared to the .summezr 1976 surveys, with other OC S

A
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Table 10. A summation of the numbers of marine mammals
observed by species” or group during. ae rial survey
number three, 9-14 October 1975.

Species or Numbe r of animals seen

group 9 Oct. 12 Oct. 14 Oct. Total
Walrus (Odobenus rosmarus) 6 1 6 13
Bearded seal (Erignathus 4 0 0 4

barbatus)
Largha and/or harbor 1 1 10 12

seal (Phoca spp. ”)
' #*
Northern sea lion (Eumatopias 0 0 3333 336
jubatus)

Unidentified whales 3 1 0 4
Unidentified seals 1 0 0 1
#* Hall Is.

P2
lon
i
-~
LN
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Table Il. A sunmary of marine mammal sightings by time and |ocation

during aerial

survey nunber three,

9-14 Qto

ber 1975.

Date - Distance from

Time Lat. (N) Long. (W) Species (#) track (miles) Remarks

90ct.

1317 67741 167011 1 Uw <1/8S

1322 M41.9° * 58,5! 1BS < 1/8 S

1339 “ 415 169726.5’ 1 Uw >1/2 s Single blow

1350 " 41’ 170°30° 1 Uw ontrack Sounding

1356 w7’ o209 2 W <18S

1426 “ 11.9'168°12. 3! 41 w < 1/8

1432 " 13,2'167°34! 1 us :

1545 ngz, 51 11 5.71 14] BB R/ aft®

1548 " G2, 6'168°08, 7' 1 BS R/aft

1559 "t 03.41169°32. 6" 2 W R aft Bull s

1640 66°54.17167°21.3” 1 LS R/ aft

12 Oct.

1013 63°09.1’ 168 °20" 1LS - Surfaced

1147 640211 170713.9’ 1w -

1237 121, 2' 166°04’ 1 Uw > 1/2

14 Oct.

1328 60°401 173°03.3’ 333 SL Hall Is.

1517 "103,4'167°18, 8’ 10 iL.S Cape Mon -
igan, Nunivak
Is.

1621 58742, 4*162°46, 6 3 SL £ 1/8 p

1645 11 20,8" 16007.1° 1w £1/8S

1649 n20. 3 " 39. 8¢ 141 w £ 1/8 S

1650 1201 “ 35.1 2. W £ 1/8 S

1651 119.9 “ 31.5 1w <1/8 S

Key: W walrus BS bearded seal LS largha seal SL northern sea lion

UW unidentified whale US unidentified seal
# observed from aft compartment of the P2V, not recorded in

the gene ral flight log.

101
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/

, Table 12. Beached carcasses or dead marine mammals Sbserved
during aerial survey nu’rnber three, 9-14 October 1975.

I

TMime Lat.”(N) Long(W) ‘Species (# 7 Remarks
9 Oct.
1130 64°59” 166°41” . . |1 unident. whale Walruses spread
6 walruses along the beach
at Cape Douglas
12 Oct.
1005 63005 168050’ 39 wvalrus Punuk Is.
1010 .08.1" '".55. 73 | 1 walrus s/e St. Lawrence Is.
1014 " 09.4° 169°14.2’ 1+1+1 unident. whales s/e St. Lawrence Is.
{ 1016 - “ 06.2° “ 24.8 1 unident, whale n/e Southwest Cape,
St. Lawrence Is. --
i 1019 62°58.8°169°39. 6' 1 unident, whale East Pt. , Southeast
| Cape, St. Lawrence
' Is.
14 Oct. )
| 1622 1 walrus Floating in water

58°39' 162°38'

we st of Cape Newen -

ham.

102
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surveys and with published accounts. These data will be discussed at
some length in the final report in terms of habitat and critical times
when the effects of oil-gas development might be of greatest concern.

B. Aerial survey nunmber three, 9-14 Cctober.

Most’ animals seen during the Cctober survey occurred within 1/8 nmle
on either side of the trackline, Those animals seen beyond 1/8 mile
were all whales. Pinnipe ds were apparently not identifiable outside

of the 1/4 mile strip, although the data could not be quantified because
of the small sample size. This preliminary finding suggests that future
pelagic surveys concentrate on strip census techniques rather than
using the transect method. ,

Whether the km-numbers of marine nanmal s seen at sea during October
represented a real population condition or as a re suit of poor visibility,
cannot be concluded upon at this time. Fog, high winds, rain, snow and
other environmehtal factors all affect the success of survey flights.
During the October pelagic su?vey most transects were flown over rough
seas or in and out of snow squalls; both conditions making it very difficult
to sight marine mammals. Better weather and thus better observation
conditions occur earlier in the fall, hence future fall surveys will be
flown in September rather than October.

Because of rapidly changing weather conditions, a considerable amount

of time was spent recording. This seemed to unnecessarily burden the
recorder and directed his attention away from the observation effort.

This will be eliminated by use of a tape recorder to record weather and
sea state - visibility while keeping a written account of sightings; servingy
as a back-up in case of tape recorder malfunction. This will enable th
recorder to spend more time as an observer and thus increase the sighting

effort. ‘

y
Our field format sheet has been updated to include a check Iis?ﬂethod
of recording data. This will alsoreduce recording time. Da #areduction
and synthesis will be made more | e ff ic ient now that the f ie.i; format and

the data management format are \systematically compatapl’e.

VIII. Conclusion /

Although statistical analyses of the data are not complete, it would appear
that a major portion of northern sea lion and harbor seal populations in the
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southern. Bering Sea haul- out and breed along the northern Alaska Pen-
insula. Their distribution and use of specific, and pethaps traditional,
breeding grounds has not been conpl etely delineated, but appear to be
definable in terms of determining their juxtaposition to oil-gas |ease
sites in Bristol Bay. The inp ortance of these breeding sites nay never
be fully known until a conprehensive distribution map is made of the se
animals fromthe Aleutian Is. chain and along the southern boundaries of
the Alaska Peninsula. W e spect to have a good understanding of site-
specific uses by sea lions and harhor seals after the spring- summer 1976
surlve y in which confirmation of data c ollec ted in 1975 should be forth-
coming. At that time our judgement as to the critical nature of habitat
use, and animal abundant e should be cle are r.

Fall aerial surveys in the northern Bering Sea and southern Chukchi
Sea will be critically analysed for their feasibility -- on a cost benfefit
ratio. Our view is that site selected sampling near St. Lawrence Is.

. through the Bering Strait and into the squthern portions of the Chukchi
' Sea is possible but must be refined before reducing any aerial survey
effort in the fall. Revisions in the fall survey effort will be offered’ for
FY 1977 allowing us time to make an adequate evaluation of the survey
effort in general, yet providing enough sampling time (i. e. data) to
make a quantitative determination of its fea sibility. Time pe rmitting,
aneval uation -of the fall 1976 survey will .be included in the final report
(1 Cctober 197"6) with a judgenent as to its useful ness..

X. ‘Summary of ‘4th. quarter operations.

A. Ship or laboratory activitiies.

1. Ship or field trip schedule.

a. None - spring field season for RU 67 begins in April, 1976.

2. Scientific party.

a. None.

3. Methods.

a. Field sampling operations for the upcoming spring season
(April-June) were developed and summarized. It was determined,
apriori_, that a combination of systematic and randomized aerial
transect flights would maximize our sampling effort (i. e. population
abundant e estimates) yet minimizé& our time spent surveying.

4. Sample localities.

a. None during the 4th. quarter.

5. Data collected or analyzed.

a. Iaboratory analysis - data collected during the October, 1975
aerial survey in the northern Bering Sea were summarized and
evaluated (see annual report). The se data are being processed into
data management format, and should be ready for EDS during the
5th. quarter period.
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ADDENDUM
Sample Annotated Bibliography

Research Unit 67

Bibliographic citations listed may apply to one ur more research units.
In the final report (1 October 1970) each RU will have listed a compre-
hensive annotated bibliography covering the appropriate geographic
region(s) for which each RU is responsible.
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Bailey, Alfred M. and Russell W. Hendee. 1926. Notes on the
mammals of northwe stern Alaska. J. Mammal. 7(1}; 9-28.

Recounts an expedition of 15 months in 1921-22, visiting King and St.
Lawrence Islands, Wainwright, Point Hope, Demarcation Point, and
points on the Siberian coast. Includes observations on: polar bear,
largha seal, bearded seal, ringed seal, walrus, bowhead whale, gray
whale, killer whale and harbor porpoise.

Barabash-Nikiforov, I. 1938. Mammals of the Commander Islands and
the surrounding sea. J. Mammal. 19(4): 423-429.

Briefly de scribes geography, climate, flora and fauna of the islands,

and describes 18 species of marine manmals: otter, 7 pinnipeds, 5 great
whal es, 3 beaked whal es, killer whale and 3 other dol phins. Notes
seasonality of nost species.

Burns, John J. 1965. Marine’ Mammal Report. Vol. VI, Annual
Project Segment Report, Federal Aid in Wldlife Restoration
Project, Al aska Departnent of Fish and Gane. 45 pages.

Covers calendar year 1964. Major spring migration of walrus through
Bering Strait occurred during -the last week in May and the first week
of June.. This was at the same time as during previous years, in spite
of an unusually slow retreat of the pack ice. Forty- one adult females
examined were 64% parturient, 24% pregnant, and 12% barren.
Parturition rate was found to be one calf every 2.02 years, among
twenty-nine animals. Also contains short sections on migration
(including notes on correlates of ice movement), segregation of sexes,
and foetal development. in addition to reproductive investigations.

Notes that 10 or 12 whales, nostly grays, were taken at Barrow during
the summer. Bearded seal biology i S given in detail. Nursing period
is short, 12-18 days, and by weaning tine the pup has reached 69% of
adult length. Migration is gemnerally concurrent with the seasonal
advance and retreat of the pack ice, although young seals are some-
times found where there is no ice.
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Burns,John J. 1965. Marine Mammal Investigations in northwestern
Ala ska. Paper presented at the 45th Annual Conference of the
Western Assoc. of State Game and Fish Commissioners, Anchorage,
AK, July 8, 1965. 10 pages.

Discusses biology and management of walrus anu bearded seal, with
concise presentation of natural history.

Burns, John J. 1965. The Waltus in Alaska. Vol. V, Fed. Aid in
Wildlife Restoration Proj ekt. Report covering inve stigations
completed by Dec. 31, 1963. Alaska Dept. of Fish and Game.
48 pages.

The history of walrus exploitation, economic role in Al aska, and recent
and current research are discussed. Some of the carly chronicles, and
nearly all scientific investigators are listed and referenced in the biblio-
graphy. Original research reported was collected for walrus observations
to determine migration and distribution patterns. Most females start

to breed around age 6, males about the same. Most mature females
bear one calf every 2 years. Major food species are Mya truncata and
Clinocardium nuttalli (clams). Wgirus predation on seals is discussed.
Minimum population is estimated gt 90, 000. Migration and known dis-
tribution is given, by season, combining published and unpublished
observations. Collected observations of hauling out areas are given,
including the Walrus Islands in Bristol Bay and the Punuk Islands.
Collected behavioral observations are given.

3urns, John J. 1966. Marine Mammal Report. Vol. VII Annual Project
Segment Report, Fed. Aid in Wildlife Re storation. Alaska Dept.
of Fish and Game. 47 pages.

Walrus teeth were examined from known age walruses, and the tooth
interpretation method previously used was found valid, Reproductive
tracts of 160 mature females from nursery herds were examined; 71
pert ent were newly parturient, 21% were pregnant, 8% were barren.
Females first breed at age five or six, and calve from then on an
average of once every 2.2 years. Adult female Pacific walrus reach a
wei ght of about 2, 100 pounds. The main migration noved through
Bering Strait from 20 May - 18 June. Some positions and dates of
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of walrus co_ncentrations are noted, 21,015 seals were harvested
and bountied from just south of Nunivak Island to Barrow, by 512
hunters: 13,590-ringed,. 3,430 bearded, and 3, 995 harbor seals.

Burns, John J. 1967. Marine Mammal Report. Vol. VIII, Annual
Project Segment Report, Federal Aid in Wildlife Restoration
Project. Alaska Dept. of Fish and Game. 44 pages.

Analysis of the age composition of 353 male walrus taken at Savoonga
indicated an annual mortality rate- of about 12 percent (maximum) for
year classes 14 through 28, and about 14 percent (maximum) for year
classes 14 through 33. Size of ‘population is apparently continuing to
increase. Walrus observations are reported from Nushagak Bay (May),
Round Island in Bristol Bay (May-June), Big Diomede Island and the
Punuk Islands (early December)o. Eighty percent of the walruses bar-
ve steal were taken by the villages of Gambell, Savoonga, Diomede and
King Island. It is noted that some male walrus winter, singly or in gmall
herds, much further north than ‘the. main groups (occasionally as far
north at Lat. 700 in late February). Concentrations of animals were
moving through the Be ring Strait from May 28 to July 4. Five species

of pinnipeds in the northern Bering Sea are discus seal: ringed, ribbon,
bearded and harbor seals, and walrus, A map gives the distribution

of these species in April-early May and the distribution ks discussed

as it corre spends to their different, adaptations.

Burns, John J. 1970. Remarks on the distribution and natural history
pagophilic pinnipeds in, the Bering and Chukchi Seas. J. Mammal.
51(3) : 445-454.

Author's abstratHve species of pagophilic (Ice-1 oving) pinnipeds
live in the Bering and Chukchiseas: Odobenus rosmarus, Phoca (Puss)
hispida, Phoca (Histriophoca)_fasciata, an ice-breeding population of
Phoca (Phoca) vitulina, and Erignathus barbatus, Breeding adults

* of these species are mostly separated from each other during late
winter and early spring, when throughout the pupping and subsequent
mating periods, P, vitulina and P, fa sc iata- occupy the edge~ zone of
of the seasonal pack ice, E, barbatus and O. rosmarus are mainly
farther north within the heavier pack ice, and P hi_spida occupies
areas of extensive land-fast ice. This paper discusses differences in
body structure, ecological adaptation, . and behavior in. relation to dis -

tribution of the five species, V

108



Burns, John J. 1973. Marine Mammal Report, Vol. XIIl, Project
Progress Report, Federal Aid in Wildlife Restoration. Alaska
Dept. -efFish-and Game, 29 pages.

Reecarch activities included three cruises; the first in the eastern
Bering Sea from Nome towest of Unimak Pass, 27 March-21 April
1971; the second, in March and April of 1972, restricted to the southern
Bering Sea; the third in the waters near Juneau, November 1972.
Fifty-three harbor seals and two ribbon seals were tagged on the first
cruise, 23 harbor seals and 1 ribbon seal on the second. On the third
cruise, 21 specimens of Phoca vitulina richardii were taken. Fish

and invertebrates were also collected as part of the second topic,
preparatory to studying pinniped feeding. Information on biological
and commercial status, including seasonal distribution of P.largha,
P. fasciata, E.barbatus and P. hispida_are described. 1 fig. , 4 tables.

Burns, John J. and Loren W. C roxton, 1963. Marine Mammal In-
vestigations. Vol. 1II, Apnual Project Segment Report, Fed.
Aid in Wildlife Restoration, Alaska Dept. of Fish and Game.
38 pages.

Walrus biology and population status covering the period April 1-
June 30, 1962. Northward migration passed Gambell May 8-24,
Savoonga May 3-23, Bering Strait June 1-7. Harvest records of
walrus and sea otters are included.

Burns, John J. and Samuel J. Harbo, Jr. 1972. An aerial census of
ringed seals, northern coast of Alaska. Arctic 25(4): 279-290.

Flights were made to survey the landfast ice from Point Lay to Barter
Island from 8-15 June 1970, to e stablish baseline distribution and density
of ringed seals. The density of seals in sectors east of Point Barrow
was low and relatively uniform (2. 28, 1.06, 1. 38 and 2.43 seals /miz).
Within sectors southwest of this point, density was substantially higher
(5. 36 and 3.70 seals/miz), The minimum population was estimated

at 11, 612 animals. Areas of previous seismic oil exploration within

the survey area were compared to undisturbed portions and no appre-
ciable difference in ringed seal occurrence was found. 4 figs. , 3
tables.
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Burns, John J., G. Carleton Ray, Francis H. Fay, and Peter C.
Shaughnessy, 1972, Adoptién of a strange pup by the ice-
inhabiting harbor seal, Phoda vitulina largha, J. Mammal,
53(3): 594-598.

On 20 April 1971 at Lat. 57 °51'Njong. 165°54'W, the authors replaced
the 4-week-old pup of -a pair of seals with a previously captured 2-week-old
pup. They subsequently observed the new pup nursing from the female.
During their cruise from 11-20 April they sighted 103 pairs of adult

harbor seals in the 20 -mile wide ice front zone to the north and east of

the Pribilof Islands. 2 photos.

Burns, John J. and James E. Morrow. 1973. “The Alaskan arctic
marine mammals -and fisheries”. Paper given at the Fifth
International Congress of the Fondation Francaise D ‘Etudes
Nordiques, called "Arctic Oil and Gas: Problems and Possi-
bilitiess”, “at Le Havre, May 2-5, 1973. 22 pages.

Author discus ses fishes and marine mammals of the Chukchi Sea, the
arctic coast of Alaska and the northern Bering Sea with respect to
offshore oil development. Toxicity of crude or refined oil to .fishes
is known and extreme toxicity to eggs and larvae is noted. Oil spilled
in arctic waters will persist, due to the low temperature and slower
decomposition. Seismic exploration by several different concerns
often involves a succession of explosions in the same areas which
destroy fish. Epontic algae grows on the uncle r surface of the ice.
Accidental or chronic gradual discharge of oil would spread under the
ice, be trapped there for long periods of time, and either Kill the
algae there or be incorporated into the food chain from there on up.
The same results can occur among benthic organisms when oil is
deposited on the bottom The occurranc e of all arctic marine mammals
is discussed.

Clarke, Robert. 1957. Migration of marine mammals. Norsk Hvals
fangsttidende 46(l): 609-630.

A general review of migrations of the large whales and of small
numbers of small cetaceans, fur seals; phoc id seals, and walruses.
Notes lack of urderstanding of mechanisms of migration. 1l figs. ,

76 refs.



Fay, Francis H 1960. Carnivorous walrus and some arctic zoonoses.
Arctic 13(2): 111-122.

Information on carnivorous walruses are reviewed. Eskimos report
that eating walrus liver produces the same illness as does eating
polar bear liver. This illness is probably hypervitaminosis-A.
Trichinosis has been identified with some walrus meat, but the inci-
dence of infected walruses seems very low. Both species eat largely
ringed and bearded seals.

Fay, Francis H. 1963. Unusual behavior of gray whales in summe r.
Physhologische Forschung 27: 175-176.

On July 26, 1960, near Kangee, on the southern coast of St. Lawrence
Island, the author observed three whales involved in what appeared to
be courtship behavior, and possible copulation.

Fay, Francis H 1974. The role of ice in the ecology of marine
mamal s of the Bering Sea. In D. W Wod and E J. Kelley
(Eds, ), “Qceanography of the Bering Sea. “ Inst. of Marine
Si. , U of A aska, Fairbanks. Pages 383-399.

Describes diffezent kinds of ice; describes seasonal changes of ice and
corresponding movements of marine mammals. Lists 25 species of

marine mammals in 3 categories according to contact with ice. Good

detail. Good under standing of habitats. Insights into evolution are discussed.

Fay, Francis H. 1975. Quarterly Report for Quarter Ending September
30, 1975. Project Title (BLM): “Morbidity and Mortality of
Marine Mammals''. 5 pages. (unpublished)

Several areas of Alaska coastline were surveyed for marine mammal
carcasses. the north coast of the Alaska Peninsula from Bechevin

Bay to the mouth of the Naknek River; the eastern shore of Kuskokwim
Bay from Chagvan Bay to Jacksmith Bay,; the coast of St. Lawrence lIsland;
the Punuk Islands; and Kotze bue Sound from She shalik to Point Hope.
Nearly four hundred carcasses were found. Well over half of these were
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wal rus. Thirteen species in all are discussed. Causes of death
i ncl uded gunshot, trauma, predatibn, hemorrage, and probable
bacterial infection. 3 maps.

Fiscus, ulifford H , Dale W Rice, and Ancel M Johnson. 1969.
New records of M soplodon stejnegeri and Zi phi us cavirostris
fromAl aska. J. Mammal. 50(1): 127.

Floating carcass of Me soplodon stejnegeri found 43 km west of Cape
Edgecombe, Gulf of Alaska, at Lat. 57°04'N, Long. 146 °32'W,

Skull of Z. cavirostris found at Trident Bay, Akun Island, at Lat. 540
09'N. , L-ong. 165°33'W,

Ichihara, Tadayo shi. 1958. Gray whale observed in the Bering” Sea.
Sci Rpts. Whales Res, ‘Inst. 13: 201-206.

Gray whales were seen near St. Lawrence Island and in Unimak Pass
in 1957, and 3 groups were found west of St. Lawrence Island in 1955,
This suggests a migration route through the eastern Aleutian passes
as Kellogg proposed in 1929, rather than around to the west of the
Commander Islands as Gilmore proposed in 1955. 2 figs.

Johnson, Murray L. and Gordon D. Alcorn, 1962. The return of
the sea otter. Outdoor Calif, 23(2): 4-5.

Recounts history of exploitation since 1741. Present population is
estimated as high as 40, 000. Distribution includes Amchitka Island,

Delarof, Andreanof. and Fox. Islands; Alaska Peninsula, Kodiak
archipelago, and Kenai -Peninsula” to Cape St. Elias in Alaska, and
the California coast.

Kenyon, Karl W. 1961. Cuavier beaked whales stranded in the Aleutian
Islands. “J. Mammal. 42(l): 71-76.

Two carcasses of Ziphius cavirostris found on Amchitka | sl and
apparently shot, by rifle. Conplete measurenents given, 3“ plates.




Klinkhart, Edward G. 1967. Birth of a harbor seal pup. J. Mammal.
48(4): 677.

On June 15, 1967, a female harbor seal gave birth at Tugidak Island,
Alaska “(Lat. 56°33'N, , Long. 155020 ‘W. }. One half-hour of observation,
from 12 minutes before the birth until 18 minutes afterward, is reported,

Klinkhart, Edward. 1969. The harbor seal in Alaska. Alaska Dept.
of Fish and Game, Wildlife Notebook Series. 2 pages,

Both ice - and non-ice- inhabiting harbor seals are described. Natural
history is given. Annual harvest in northern Alaska is given as 4, 000,
and 30, 000 in southern Alaska. A bounty was in effect from 1927 to
1967.

Lensink, Calvin J. 1960. Status and distribution of sea otters in
Alaska. J. Mammal. 41(2): 172-182.

A detailed report and review of census efforts from Cook Inlet to
Amchitka Island from 1936 to 1957. ' The Pre sent status of the otter

is such that we can expect a rapid expansion in numbers from the
Andreanof Islands eastward. West of the Andreanof islands the habitat

is limited and the population may already :be near the carrying capacity.
Here, sea otters are perhaps as abundant as they were before exploitation
by the Russians. On Amchitka Island the evident e indicates that a

high population has re suited in increased mortality and a lowered repro-
ductive rate. * - from author’'s summar y. Estimates present Alaska
population at 40, 000. Includes distribution map.

Mari ne Mammal._,xologi"cal Lab., Bureau of Commercial Fisheries
U. S. Fish & Wildlife Service, Seattle, Vash. , “Birds and
Mammal s Cbserved at Sea; 1958-present. “ (unpubli shed)

Am on-going compilation of marine mammal sightings from pelagic
fur seal cruises, comprising 25 species. Each species is broken
down by geographical area (e. g. Gulf of Alaska, Bering Sea). Lat. /
Long. for each sighting are given.
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Nasu, Keiji. 1963. Oceanography and whaling ground in the subarctic
region of the Pacific Ocean. Sci. Rpts. Whales Res. Inst.
17: 105-155.

Data was obtained by whaling factory and whale marking boats in the
North Pacific Ocean and Bering and Chukchi Seas. Extensive oceano-
graphic data collected. Usual whaling grounds for blue, fin, humpback,
sei, and sperm whales are discussed. Areas north and south of
Unalaska are particularly productive for all species except perhaps
blue. 51 figs.

Nikolaev, A. M. 1961. [The distribution, quantity and biology of the
sea otter]. Trudy Sove shchaniy Ikhtiologiche skoy K omis sii,
Vol. 12, pages 214-217. Translated by Division of Foreign
Fisherie s.National Marine Fisheries, NOAA. Trans. 520, 1970.

Tabulates population estimates for years 1912 to 1939 from Kuriles,
Kamchatka, Aleutians and Alaska, and California. Otter habitat
analyzed. Suggests possibility that sea otters give birth only once
every two years.

Nishiwaki, Masahuru, 1966. Distribution and. migration of marine
mammals in the North Pacific area. Eleventh Pacific Science
Congress, August 24, 1966.

Maps and short discus sions on pre sent knowledge of distribution of
each species of marine mammal (excluding polar bear) found in the
North Pacific, Bering Sea and waters north of Bering Strait. Thirteen
pinnipeds, fifty-three cetaceans.

Nishiwaki, Ma sahuru, 1966. Distribution and migration of the larger
cetaceans in the North Pacific as shown by Japanese whaling
results. In K. S. Norris (Ed.), “Whales, Dolphins and Porpoises.
Univ. of California Pre ss, Berkeley and Los Angeles, 1966,
Pages 171-191.

Whaling catches reported for 1945-1962 for blue, fin, humpback, sei,
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B ryde’'s and sperm whales. Table and map for each species. Area
includes North Pacific, Gulf of Alaska and Bering Sea. Catches are
analyzed by 100 squares of area. Months of whaling activity are noted.
Population e stimates offered.

Ohsumi, Seiji. 1975. Incidental catch of cetaceans with salmon
gillnet, J. Fish. Res. Bd. Can 32(7): 1229-1235.

Reports data from salmon research vessels, 1962-1971. Species caught
were Dan porpoise, True's porpoise, harbor porpoise, pilot shale and
Baird’'s beaked whale. Many animals were not identified to ‘species.
The area fished included northern north Pacific, Bering Sea, Sea of
Okhotsk and Sea of Japan. 6 figs.

Okutani, Takashi and Takahi sa Nemoto, 1964, Squids as the food of
sperm whales in the Bering Sea and Alaskan Gulf. Sci. Rpts.
Whales Res. Inst. 18: 111-122.

Seven genera of squid were found ih stomachs of sperm whales from
Aleutian Island waters, Bering Sea and Ala skan Gulf. Distribution of
whales caught is mapped, according to (1) whether they contained fish

or squid, and (2) what kind of squid they contained. Squids predominated
over fish in the western part of the Aleutian chain, while fish predominated
in the Gulf of Alaska. 5 plates, 5 figs.

Omura, Hideo. 1955. Whales in the northern part of the North Pacific.
Norsk Hvalfangsttidende 44(6): 323-345

Describes history of whaling in the North Pacific and compiles catch
statistics since beginning of commercial whaling. Recent Japanese
catches on each of 3 whaling grounds, (A) south of Commander Islands,
“(B) ninth of Akutan, and” (C) south of Akutan, are analyzed for each
species by sex, length, and sexual maturity. Peculiaritiess of re suits
are discussed. Also reports on 2 marking cruises. 17 tables, 18 figs.
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Omura, Hideo. 1955. Whales in the northern part of the North Pacific.
Norsk Hvalfangsttidende 44(7): 395-405.

See Omura, Hideo, 1955. Whales in the- northern part of, the North
Pacific. Nor sk Hyvalfangsttidende 44(6): 323-345;

Omura, Hideo. 1958, North Pacific Right Whale. Sci Rpts. Whales
Res. Inst. 13: 1-52.

Reports data of two kinds: (1) the physical descriptions of 2 right whales
taken near Japan in 1956, and (2) collected right whale sightings from
the years 1925-34, 41, 48-57, in the coastal waters of Japan and the
North Pacific. Black right whales appear in the Bering Sea in June

and stay all summer, Ofall sightings, 68% were of single individuals.
Largest group seen was four. 8 plates, 27 figs. including 25 photos.

Omura, Hideo and Seiji Ohsumi, 1964. Areview of Japanese whal e
marking and in the North Pacific to the end of 1962, with some
i nformati on on marking in the Antarctic. Nor sk Hvalfang sttidende

53(4): 90-112.

Reports on marking of blue, fin, humpback, s ei (and B ryde’s), and
sperm whales from 1949 to 1962. Of 3, 343 whales marked, 282 were
recaptured, 80% of which were fin and sperm. Area included waters
east of Japan to Long. 160 *E. , waters ‘south of the A leutian chain,

and the Bering Sea. Possibly independent populations are discussed.
Appendix 2 gives sex, length, date and locations of marking and recap-
ture of each whale (including those recaptured by the USSR), plus USSR
marks recovered by the Japanese 1956-1962. 12 Tables, 5 maps.

Omura, Hide o, Seiji Ohsumi, Takahisa Nemoto, Keiji Nasu, and
T oshio Kasuya. 1969. Black Right Whales in' the North Pacific.
Sci Rpts. Whales Res. Inst. 21: 1-78.

Gives detailed anatomical descriptions of 13 black right whales, in-
cluding 2 previously reported by Omura, in 1958. Distribution i s
shown in maps, by month from April to September, based on Japanese

116



whaling ship’s records and Slept sov's 1962 article. Extensive comments
made on movements in the Aleutian area, and Gulf of Alaska, and the
Bering Sea. 27 figs. , 18 plates.

Pi ke, Gordon C. 1962. Mgration and feeding of the gray whale
(Eschrichtius_gibbosus), .J, Fish. Res. Bd. Can. 19(5): 815-838.

Observations of gray whales from the coasts of British Columbia,
Washington and Ala ska are combined with published accounts in an

effort to define the timing and route of the migration, and feeding areas
in the Bering and Chukchi Seas. Uncertainty remains as to the route
between British Columbia and the Bering Sea. Feeding observations,
particularly around St. Lawrence Island, are given. 4 figs. , 2 are maps.

Scammon, C. M. 1870. The sea otters. Am Nat. 4(2): 65-74.

Describes appearance and behavior of sea otters. Notes distribution
from Lowe r California to Washington -+in some detail. Alaskan distribu-
noted as abundant in the Aleutian Islands and Fox Islands. Describes
methods of hunting sea otters used by Indians and whites, including
detailed descriptions of hunting in Washington state both from boats

and from land.

Scammon, C. M. 1874. The Marine Mammals of the Northwe stern
C east of North America, John H. Carmany and Co. , San Francisco
and G. P. Putnam’s Sons, New York. 319 pages.

The fir st major account of marine mammals in Alaska coupled with
detailed descriptions of each species encountered. The book is written
in three sections: |I. Cétacea, Il. Pinnipedia, and III, The American
Whale-fishery.

Scheffer, Victor B. 1949. The Dan porpoise, Phoc oenoi des dalli, i n
Alaska. J. Mammal. 30(2): 116-121.

Reports on observations during two cruises in 1947 and 1948. Descri bes



range in southern Bering Sea, Aleutian Island waters, Gulf of Alaska
and southeast Ala ska. No seasonality was observed. Anatomical
measurements given for 5 specimens. Liver analysis done.

2 plates.

Skaptason, Patricia Ann. 1971. The sea otter (Enhydra lutris)., U.S.
Dept. of Int. , Office of Library Services, Washington, D. C.

Bibliography of 194 references. Includes English language mate rials
and translations from the Russian from 1950-1970, plus one 1897
publication. Index by subject and geographic area.

Vania, John and Edward Klinkhart, 1967, Marine Mammal Report,
Vol. VIII, Annual Project Segment Report, Federal Aid in Wild-
life Restoration. Alaska Dept. of Fish and Game. 24 pages.

Reproductive tracts of 11 adult female Steller sea lions collected in
October, 1966, were examined to learn about reproductive biology.
Delay of implantation appears to last about 3 months. Molt at Lat. 580-59 “N

lasts from the last week in July until beyond Oct. 25.

Thirty otters were transplanted from Prince William Sound to Klag
Bay (Southeast Alaska) and Yakutat Bay. This transplant followed a
similar effort in 1965. Breeding success of the transplanted animals

has not been confirmed.

Reports on studies of harbor seals at Tugidak Island and the Port
Heiden - Port Moller area, primarily oriented towardscom:nercial
harvesting for pelts. Three hundred pups were tagged on Tugidak
Island; 45 were recovered. Aerial surveys were carried out of
Tugidak Island, Port Heiden-Port Moller, and Sitkinak Island, Seal
Island, and Cinder River, Four belugas were collected in the Kvichak
River and measurements and stomach contents are gi ven.

Vania, John, Edward Klinkhart and Karl Schneider. 1968. Marine
Mammal Report. Vol. IX, Annual Project Segment Report,
Federal Aid in Wildlife Restoration. Alaska Dept. of Fish and Game.

46 pages.,
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Harvesting activities on sea lions were monitored on Sugarloaf Island
and Marmot Island where hunters took 4, 855 sea lion pup pelts. Hunting
activity cause a shift of several thousand sea lions from one area of

the rookery to another.

Sightings of transplanted otters near Klag Bay are reported.

Examination of pelage harbor seals collected at. 2-week intervals

during 1966-67 indicated that molt begins in late August and is com-
pleted by late October. Eleven hundred and six pups were tagged at
Tugidak Island (June 2-21), and 180 at Port Heiden (June 14-28). Pupping
areas on Tugidak Island, Port Heiden and Port Moller were surveyed by
air during June, July and August. Re suits are tabulated for 1965-1967.

Wilke, Ford, and Clifford H. Fiscus, 1961. Gray whale observations.
J. Mammal. 42(l): 108-109.

Reports observations off Washington, off Kodiak and in the Chukchi
Sea, Bering Sea and Gulf of Alaska. Includes thoughts on route of
migration and observations of feeding.
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. Summary of (bjectives, Conclusions and Inplications to OC S.

The baseline objectives of this project are to provide a better under-
standing of the relative seasonal distribution and abundant e of marine
mamal speci es, The se objectives will be acconplished by integrating
(1) sighting records taken aboard NOAA ships and chartered vessels
working in and crossing through the GQulf of Alaska; (2) data fromair-
craft surveys collected by supporting OCSEAP projects (e. g. Al aska
Department of Fish and Gane); and” (3) from historical whaling and
sealing records.

The northern and coastal regions of the Gulf of A aska are expected to
be inportant areas where oil-gas research and tanker traffic will occur.
These areas also represent |ocalized habitats for many narine mam
mals (e. g. northern sea |ion,_Eumetopias jubatus) as well as an area
‘for seasonal nmigrations (e. g. G alifornia gray whal e, _Eschrichtius
robustus). The Qulf of A aska, therefore, represents an inportant
area of study for uncle rstanding the interaction of marine mammal
resources and oil-gas resource devel opnent.

11. Introducti on.

A. CGeneral Nature and Scope of Study

:Research under RU 48 will consist of a review of the existing literature
concerning marine manmals in the Qulf of Alaska; and fromdata collected
on a vessels of opportunity marine mammal reporting program now in
existence, The enphasis will be on “collecting sighting data from aboard
ocean going ships and correlating these to past seasonality and abundance

inf or mat ion.

“B. Specific Objectives

1. An’ annot at ed bi bl i ography of marine manmmal l|iterature for work

al ready acconplished in the Gulf.

2. Computer card sunmarization of two seasons worth of “Platforns
of Qpportunist y* (an on-going NOAA progran) data presently in our files,
and data which will be collected during the remainder of the project

peri od.

3. Whale and seal catch statistics, and a conprehensive” literature
survey of the historical data on abundance estinmates and seasonal dis-
tribution of marine manmmals in the Qulf of Al aska.

C. Relevance to problems of oil development
Species abundance and di str ibutian, behavior, population production,
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specific food web relationships and susceptibility to direct contact
with petroleum and /or devel opnental operations are factors which
must be known before any estinmate can be made of the impact of
pet rol eum devel opnent on marine manmals. RU 68 will provide
sone of this information particularly data pertaining to seasonal
abundance and distribution.

I1l. Current State of Knowledge.

There are approximately 21 species of marine mammals that are
known, or believed to occur in the. Gulf of Alaska, either as
residents, migrants, or seasonal visitors. They are: (pelagic -
offshore; coastal - near shore)

Sea Qtter (Enhydra lutris) C oa gtal resident.

Northern Bea rLion (Eumetopias jubatus) Coastal resident; pelagic
migrant (? ).

Northern Fur Seal (Callorhinus ursinus) Pelagic migrant.

Har bor Seal (Phoca vitulina) Coastal resident.

Har bor Por poi se (Phocoena phocoena) Coastal and pelagic resident.

Dan Por poi se (Phocoenoides dalli) Coastal and pelagic resident.

Northern Pacific Wite sided Dol phin Pelagic visitor (?).
(Lagenorhynt hus obliquidens)

Killer Wale (Orcinus orca) Coastal and pelagic resident

and migrant (? ).

G ant Bottle-nose \Wale (Berardius Pelagic migrant or visitor (?).
bai rdi)

Goose- Beaked Wial e (Ziphius Pelagic or coastal visitor (? ).

cavirostris)
Q her Beaked Wal es (Me_soplodon spp. ) Pelagic or coastal visitors (? j.

Sperm Whal e (Physeter macrocephalus) Pelagic; seasonal visitor (? ).

Gay Wale (E schrichtius robustus) Coastal and pelagic seasonal
migrant.

R ght Wal e (Balaena glacialis) Pelagic visitor (?)

Hunpback Wal e (Megapte ra novaeangliae) Coastal; seasonal.

Bl ue Whal e (Balaenoptera musculus) Pel agi c; seasonal visitor (? ).

Fin Wal e (Balaenoptera physalus) Pelagis; seasonal visitor (?)

Sei Wal e (Balaenoptera borealis) Pel agi c; seasonal visitor (? )

M nke Whal e (Balaenoptera acutorostrata) Coastal and pel agic; seasonal.
Belukha \WWhal e (Del phi napterus leucas) Coastal resident
Risso's Dol phin (G anpus griseus) Pel agic visitor.
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Other species may occasionally be found in the Gulf of Alaska. We
know little about the frequency of occurrence of most marine mammals
in the Gulf (especially cetaceans), thus the information provided by
RU68 should give us a valuable baseline for oil-gas development
decisions.

IV Study Area.

The study area consists of the northern Pacific Ocean including the

Gulf gyre and we stern Gulf from Unimak Pass on the west, to south-
eastern Alaska on the east. The approximate southern boundary of
the survey area is considered to be 520 North latitude.

vV Methods.

A. Aconprehensive bibliography is being prepared of all known
literature on marine mammals in the Gulf of Alaska.

B. Marine mammal observers aboard NOAA ships (the “Platforms

of Opportunity Program”) will have little input into trackline selection.
Hence, there is no systematic sampling method behind data collection
efforts using NOAA vessel per sonne 1. A pilot sutdy using systematic
sampling procedures is being te steal by Marine Mammal Division em-
ployees.

C. Sightings are coded and carded for species, number seen, location,
behavior, direction of travel, weather and related information. Compu-
ter printout of the data and charts indicating |ocation of sightings by
month will be conpiled;

D. Distributional dat a are exam ned through conputer prograns by
mont h, where sufficient sightings are available, or by season (3 nonth
periods). Sightings per unit effort are conpared and displayed in a
manner simlar to that used in studies on pelagic fur seal distribution.
Since nost pelagic and coastal research im the study area is conducted
fromspring through the late fall (March - Novenber), data on w nter
distribution and abundance will be m ninal;

VI Results.

The annotated bibliography is progressing on schedule. A sample of



the bibliography is included in this report as an Addendum,

Due to delays in finalization of a data management format, the field
data have not been logged and smoothed sufficiently for computer plot
reproduction.

VIl. Discussion,

We plan to provide a report by 30 September 1976 reviewing historic
records of whaling and sealing in the area, modern whaling catch
statistics, sea sonal distribution of marine mammal species found in
the Gulf, and an annotated bibliography listing all known published
accounts of marine mammals in the survey area.

Catch statistics of commercially taken species and sighting records
from NOAA ships may provide preliminary data on local and seasonal
abundance of some species and possibly an indication of critical habitat.
The se data, however, must be considered preliminary until sufficient
records have accumulated over the next 3 to 5 years. We hope to
obtain marine mammal sighting records from marine bird studies done
onboard NOAA ships. Reports from NOAA ships will increase a8 more
ship’s per sonnel are trained and become experienced at identifying
marine mammals at sea. To date, we are pleased with the acceptance
of our program by the NOAA Corps.

RU 68 relates directly to other OCS projects asit expects marine
mammal sighting reports from all vessels involved in the OCS program.
The marine bird aerial survey program is also capable of providing
marine mammal sighting reports in the Gulf of Alaska augmenting the
vessel reports.

VIIl. Conclusions.

None at this time.

| X. Needs for Further Study.

Some aerial support, both helicopter and fixed wing aircraft, would
be desirable in order to obtain ground truth data (i. e. shipboard
sighting reliability).
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Attention should be given to seamounts as areas of productivity wth
regard to marine manmal s and upwellings, This might require a
sanpling of seamount areas during all seasons of the year. The series
of seampunts that are of initial interest range fromBowie to Welker,
and Pratt and Giacomini, The se¢ seamounts may be located along the
migration reute of the gray whale, and perhaps, be of some significance
with respect to their migratory path.

I nformation about prey species for all marine manmal s that feed

along the continental shelf will be essential for determning potential
distribution and the inpact of petrol eum development in the Qulf.

X, Summary of 4th Quarter Operations.

A. Ship or laboratory activities.

Designated ships officers, on NQAA vessels engaged in OCSEAP
programs, have been trained to identify marine mammals and record
sightings in logbooks provided by the Marine Mammal Division,
Northwest Fisheries Center.

1. Assigned Ship's Marine Mammal Officers trained to 1 April 1976:

NOAA Ships:
OCEANOGRAPHER Ens. Rodney Swope
Ens. Larry Par sons
DISCOVERER Ens. Chri stine Wencke r
SURVEYOR Ens. Todd Baxte r
FAIRWEATHE R Ens. Gregory Kosi nski
Ens. Mirk. “Sullivan
RAINIER Ltjg. Richard Ellis
Ens. John Osborn
MILLER FREEMAN Ltjg. Terry Jackson
Ens. Patrick Rutten
MCARTHUR Lt. Greg Segur
End. Lars Pardo
DAVIDSON Ens. Mary Huestis
Ens. Edward Wheaton
JOHN (CCBB Thornas Dunaton, 1st Mate
OREGON Riley Wilson.

2. Scientific Party - to 1 April 1976:
Dr. Howard B raham SURVEYOR 8-13 March

Kei th Parker
Robe rt Eve ritt
Patrick McQire
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Carl Brooks
Robert Everitt Surveyor - 13 March - 2 April
3. Methods.

a., Laboratory analysis. Some marine mammal sightings from NOAA
ships were keypunched onto computer cards and will be transferred to
data management format for EDS, NOAA, Rockville, MY. These sample
data are presently being verified.

b. Field sampling. Distance measurements to observed animals by
using triangulation from horizontal was attempted during the March

1976 cruise. The data have not been finalized to date. A new systematic
sampling technique was also attempted. An updated field format
and marine mammal identification manual was te steal. All of these
activities will be reported on during the 5th and 6th quarter reports,

4. Sample localitie s/tracklines.

Surveyor, 8 March - 2 April -- The Surveyor fir st tracked from Seattle
to Kodiak (8-13 March) and then from Kodiak to the ice front in the
southern Bering Sea. En route, marine mammal data were collected

in the southern Gulf, and along the southern edge of the Alaska Peninsula
in the Gulf of Alaska in an area seldom sampled in late winter. The
trackline information in the southern Bering Sea is not available at this
time.

5. Data synthesis onNOAA ship sightings was begun between 1 Jan
and 1 April 1976~ on information collected fromthe fol |l owi ng voyages:

(perations in Gulf NOAA  Ship Dat es

GOA Qceanogr apher 28 Jan - 5 March 1975
Transits # McArthur 5 March - 17 Aug 1975
GOA Di scoverer 9 March - 23 June 1975
GOA Oregon 3 April - 12 July 1975
GOA - Transits Rai ni er 21 April - 26 Aug 1975
GOA Townsend Crommel | 28 April - 10 June 1975
NWGOA - Transits Fai r weat her 5 May - 21 Aug 1975
Transits Davi dson 6 Moy - 7 Ot 1975
Transits Sur veyor 10 July - 18 Nov 1975
Transits MIler Freeman I I Aug- 11 Dec 1975
GOA Di scoverer 15 Ot - 17 Dec 1975

# Transits - tracklines from or to Seattle
The above information indicates whether the vessel(s) sinply transited
the GQulf of Al aska orwhether it (they) actually operated in the Qulf at
gsome tine during the period listed. Data were collected by many of the
same vessels during 1974 but they will have to be more thoroughly
evaluated before an itemized list can be prepared,



ADDENDUM
Sample Annotate d Bibliography
Research Unit 68
Bi bl iographic citations listed may apply to one or more research nits.
In the final report (1 Cctober 1970) each RUw ||l have listed a compre-

hensive annotated bibliography covering the appropriate geographic
region(s) for which each RU is responsible.
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ADDENDUM
Sampl e Annotated Bibliography: RU 68

Annual Report, FY 1976

Burns, John J. 1965. The W i in Alaska. Vol. V, Fed. Aid in
Wldlife Restoration Project Report covering investigations
conpleted by Dec. 31, 1963. Alaska Dept. of Fish and Game.
48 pages.

The history of walrus exploitation, economic role in Alaska, and recent and
current research are discussed. Some of the early chronicles, and nearly
all scientific investigators are listed and refe rented in the bibliography.
Original research reported was collected for walrus observations to deter-
mine migration_and distribution patterns. Most females start to breed
around age 6, males about the same. Most mature females bear one calf
every 2 years. Major food apecies are Mya truncata and Clinocardium
nuttalli (clams). Walrus predation on seals is discussed. Minimum
population is estimated at 90,1300. Migration and known distribution is
given, by season, combiningpublished and unpublished observations.

Col | ected observations of hauling out areas are given, including the Walrus
I'slands in Bristol Bay and the Punuk I|slands. Collected behavioral obser-
vations are given.

Burns, John J. 1966. Marine Mammal Report. Vol. VI1_Annual Project
Segment Report, Fed. Aid in Wldlife Re storation, Al a ska Dept.
of Fish and Gane. 47 pages.

Teeth were examined from known age walruses, and the tooth interptetation
method previously used was found valid. Reproductive tracts of 160 mature
females from nursery herds were examined; 71 percent were newly parturient,
21% were pregnant, 8% were banren, Females first breed at./age five or six,
and calve from then on an average of once every 2.2 years. Adult female
Pacific walrus reach a weight of about 2, 100 pounds. Ther main migration
move through Bering Strait from 20 May - 18 June. Some positions and
dates of walrus concentrations are noted. 21, 01.5 seals were harve steal and
bountied from just south of Nunivak Island to Barrow, by 512 hunters: 13, 590
ringed, 3, 430 bearded, and 3, 995 harbor seals.
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Burns, John J. 1967. Marine Mammal Report. Vol. VIII, Annual Project
Segment Report, Federal Aid in Wildlife Re storation Project. Al aska
Dept. of Fish and Gane. 44 pages

Analysis of the age composition of 353 male walrus taken at Savoonga
indicate d an annual mortality rate of about 12 percent (maximum) for year
classes 14 through 28, and about 14 percent (maximum) for year classes 14
through 33. Size of population is apparently continuing to increase. Walrus
observations are reported from Nushagak Bay (May), Round Island in Bristol
Bay (May -June), Big Diomede island and the Punuk Islands (early December}.
E ighty percent of the walruses harve steal were taken by the villages of
Gambell, Savoonga, Diomede and King Island. It is noted that' some male
walrus winter, singly or in small herds, much further north than the main
groups (occasionally as far north at Lat. 700 in late February). Concentra-
tions of animals were moving through the Bering Strait from May 28 to July
4. Five species of pinnipeds in the northern Bering Sea are discussed:
ringed, ribbon, bearded and harbor seals, and walrus. A map gives the
distribution of these species in April-early May, and the distribution is
discussed as it corre spends to their different adaptations.

Burns, John J. 1970. Remarks on the distribution and natural history
of pagophilic pinnipeds in the Bering and Chukchi Seas.. 3. Mammal.

51(3) : 445-454,

Author’s abstract: “Five species of pagophilic (ice-loving) pinnipeds live

in the Bering and Chukchi seas: Odobenusrosmarus, Phoca (Puss) hispida,
Phoca (Histriophoca)fasciata, and ice -breeding populations of Phoca {Phoca)
vitulina, and Erignathus barbatus, Breeding adults of these species are
mostly separated from each other during late winter and early spring, when
throughout the pupping and subsequent mating periods, P.vitulina and_P.
fa sciata occupy the edge-zone of the seasonal pack ice, E, barbatus and O,
rosmarus are mainly farther north within the heavier pack ice, and_P. —
hispida occupies areas of extensive land-fast ice. This paper discusses
differences in body structure, ecological adaptation, and behavior in
relation to distribution of the. five -species. “
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Burns, John J. 1973. Marine Manmal Report. Vol. XIII, Project
Progress Report, Federal Aid in Wildlife Restoration. Al aska
Dept. of Fish and Ganme. 29 pages.

Research activities included three cruises; the first in the eastern

Bering Sea from Nome to west of Unimak Pass, 27 March-21 April 1971;
the second, in March and April of 1972, restricted to the southern Bering
Sea; the third, in the waters near Juneau, November 1972. Fifty-three
harbor seals and two ribbon seals were tagged on the first cruise, 23
harbor seals and 1 ribbon seal on the second. On the third cruise, 21
specimens of Phoca wvitulina richardii were taken. Fish and invertebrates
were also collected as part of the second topic, preparatory to studying
pinniped feeding. Information on biological and commercial status,
including seasonal distribution of P,largha__R fasciata, E. bar batus and
P. hispida are described.

Burns, John J. and Loren W. C roxton. 1963. Marine Mammal Investi-
gations. Vol. III, Annual Project Segment Report, Fed. Aid in
WIldlife Restoration. Ala ska Dept. of Fish and Gane. 38 pages.

Walrus biology and population status covering the period April 1- June
30, 1962. Northward migration passed Gambell May 8-24, Savoonga
May 3-23, Bering Strait June 1-7.

Burns, John J., G. Carleton Ray, Francis H. Fay, and Peter C.
Shaughnes sy. 1972. Adoption of a strange pup by the ice-inhabiting
harbor seal, Phoca wvitulina largha. J. Mammal. 53(3): 594-598.

On 20 April 1971 at Lat. 57051'N. , Long. 165 °54'W, , the authors replaced
the 4-week-old pup of a pair of seals with a previously captured 2-week-old
pup. They subsequently observed the new pup nursing from the female.
During their cruise from 11-20 April they sighted 103 pairs of adult harbor
seals in the 20-mile wide ice front zone to the north and east of the Pri-
bilof Islands. 2 photos.

f
Cal
_—



Burns, John J. and James E. Moxrow, 1973, '""The Alaskan arctic
marine mammals and f isheries'', Paper given at the Fifth Inter-
national Congress of the Fondation Francaise D’Etudes Nordiques,
called “Arctic Oil and Gas: Problems and Possibilities s“, at Le

Havre, May 2-5, 1973. 22 pages.

Author discus ses fishes and marine mammals of the Chukchi Sea, the
arctic coast of Alaska, and the northern Bering Sea with respect to
offshore oil development. Toxicity of crude or refined oil to fishes

is known and extreme toxicity to eggs and larvae is noted. Oil spilled

in arctic waters will persist, due, to the low temperature and slower
decomposition. Seismic exploration by several different concerns often
involves a succession of explosions in the same areas which destroy fish.
Epontic algae grows on the uncle r surface. of the ice, Accidental or chronic
gradual discharge of oil would spread under the ice, be trapped there for
long periods, of time, and either Kill the algae there or be incorporated

into the food chain fromthere on up. The same results can occur anong
benthic organisms when oil is deposited on the' bottom, The occurrence

of all arctic marine mammals is discus seal.

C larke, Robert. 1957. Migration of marine mammals. Nor sk Hval-
fang sttidende 46(1): 609-630.

A general review of migrations of the large whales and of a. small number
of small cetaceans, fur seals, phocid seals, and walruses. Notes lack
of uncle r standing of mechanisms of migration. 11 figs. , 76 refs.

Fiscus, Cifford H , Dale W Rice, and Ancel M, Johnson. 1969.
New records of Me soplodon stejnegeri and Ziphius cavirostris
from Alaska. J. Mammal. 50(1),: 127.

Floating carcass of Me soplodon stejnegeri found 43 km west of Cape
Edgecombe, Gulf of Alaska, at Lat. 57#04'N, , Long. 146°32'W, Skull
of 2. cavirostris found at Trident Bay, Akun Island, at Lat. 54009 ‘N. ,

Long, 165 °33'W.
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Johnson, Murray L. and Gordon D. Alc orn. 1962. The return of the
sea otter. Outdoor Calif, 23(2): 4-5.

Recounts history of exploitation since 1741. Present population is esti-
mated as high as40, 000. Distribution includes Anchitka Island, Delarof,
Andr eanof and Fox Islands, Al a =ka Peni nsul a, Kodi ak archi pel ago, and

K enai Peninsul a to Cape St. Eliasin Al aska, and the C alifornia coast.

Kasuya, Toshio, 1971. Consideration ofdistribution and migration of
toothed whal es of f the Pacific coastof Japan based upon aerial
sighting record. Sci. Repts. Whales Res. Inst. 23: 37-60.

Reports odontocete sightings recorded during oceanographic aerial
surveys 1959-1970, comprising 171, 809 nautical miles flown. Describes
conditions of observation.

Kenyon, Karl W. 1961. Cuvier beaked whales stranded in the Aleutian
Islands. J. Mammal. 42(1): 71-76.

Two carcasses of Ziphius cavirostris found on Amchitka Island,
apparently shot by rifle. Complete measurements given. 3 plates.

Klinkhart, Edward G. 1967. Birth of a harbor seal pup. J. Mammal.
48(4): 677.

On June 15, 1967, a female harbor seal gave birth at Tugidak Island,
Alaska (Lat. 56033 ‘N. , Long. 155020 ‘W. ). One half-hour of observation,
from 12 minutes before the birth until 18 minutes afterward, is reported.

Klinkhart, Edward. 1969. The harbor seal in Alaska. Alaska Dept.
of Fish and Game, Wildlife Notebook Series. 2 pages.

Both ice - and non-ice- inhabiting harbor seals are described. Natural
history is given. Annual harvest in northern Alaska is given as 4,000,
and 30, 000 in southern Alaska. A bounty was in effect from 1927 to 1967.
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Lensink, Calvin J. 1960. Status and distribution of sea otters in
Alaska. J. Mammal. 41(2): 172-182.

A detailed report and review of census efforts from Cook Inlet to

Amchitka Island from 1936 to 1957. ” “The present status of the otter

is such that we can expect a rapid expansion in numbers fromx the Andreanof
Islands eastward, West of the Andreanof Islands the habitat is limited

and the population may already be near the carrying capacity. Here, sea
otters are perhaps as abundant as they were before exploitation by the
Russians. On Amchitka Island the evident e indicates that a high population
has resulted in increased, mortality and a lowered.reproductive rate. "
-from author’s summary. Estimates present Alaska population at 40,000.

Includes distribution map.

Marine Mammal Biological Lab. , Bureau of Commercial Fisheries
U. S. Fish & Wildlife Service, Seattle, Wash. “Birds and Mammals
Observed at Sea; 1958-pre sent''. (unpublished).

An on- going compilation of marine mammal sightings f rom pelagic fur
seal cruises, comprising 25 species. Each species is broken down by
geographical area (e. g. Gulf of Alaska, Bering Sea). Lat. /Long,for
each sighting is given.

Nasu, Keiji. 1963. Oceanography and whaling ground in the subarctic
region of the Pacific Ocean. Sci. Repts. Whales, Res. Inst.

17: 105-155.

Data was obtained by whaling factory and whale marking boats in the
North Pacific Ocean and Bering and Chukchi Seas. Extensive oceano-
graphic data collected. U sual whaling grounds for blue, fin, humpback,
sei, and sperm whales are discussed. Areas north and south of Un-
alaska are particularly productive for all species except perhaps

blue. 51 figs.

Nikolaev, A. M. 1961. [The distribution; quantity and biology of the
sea’ otter]. Trudy Sove shchaniy Ikhtiologiche skoy K omiis sii,
Vol. 12, pages 214-217. Translated by Division of Foreign Fisheries,
National Marine Fisheries, NOAA. Trans. 520, 1970.



Nikolaev, A.M. 1961 (cent'd)

Tabulates population estimates for years 1912 to 1939 from Kuriles,
Kamchatka, Aleutians and Alaska, and California. Otter habitat analyzed.
Suggests possibility that sea otters give birth only once every two years.

Nishiwaki, Ma sahuru, 1966. Distribution and migration of the larger
cetaceans in the North Pacific as shown by Japanese whaling re suits.
In K. S. Norris (Ed. ), '"Whales Dolphins and Porpoises. ' Univ, of

California Pre ss, Berkeley and Los Angeles. Pages 171-191.

Whaling catches reported for 1945-62 for blue, fin, humpback, sei,
Bryde's and sperm whales. Table and map for each species. Area
includes North Pacific, Gulf of Alaska and Bering Sea. Catches are
analyzed by 100 squares of area. Months of whaling activity are noted.
Population estimates offered.

Nishiwaki, Masahuru, 1966. Distribution and migration of marine
mammals in’ the North Pacific area. Eleventh Pacific Science
Congress, August 24, 1966.

Maps and short discussions on present knowledge of distribution of
each species of marine mammal (excluding polar bear) found in the
North Pacific, Bering Sea and waters north of Bering Strait. Thirteen
pinnipeds, fifty-three cetaceans.

Ohsumi, Seiji. 1975. Incidental catch of cetaceans with salmon
gillnet, J. Fish. Res. Bd. Can. 32(7): 1229-1235.

Reports data from salmon research vessels, 1962-71. Species caught
were Dan porpoise, True’s porpoise, harbor porpoise, pilot whale and
Baird's beaked whale. Many animals were not identified to species.
The area fished included northern north Pacific, Bering Sea, Sea of
Okhotsk and Sea of Japan. 6 figs.



Okutani, Taka shi and Takahi sa Nemoto, 1964. Squid as the food of
sperm whales in the Bering Sea and Alaskan Gulf. Sci. Reps.
WhalesRes, iast, 18: 111-122.

Seven gene ra of squid were found in stomachs of spe rm whales from
Aleutian Island waters, Bering Sea and Alaskan Gulf. Distribution of
whales caught is mapped, according to (1) whether they contained fish

or squid, and (2) what kind of squid they contained. Squids predominated
over fish in the western part of the Aleutian chain, while fish predomin-

ated in the Gulf of Alaska. 5 plates, 5 figs.

Omura, Hideo. 1955. Whales in the northern part of the North Pacific.
Norsk Hvalfangsttidende 44(6): 323-345.

Describes history of whaling in the North Pacific and compiles catch
statistics since beginning of commercial whaling. Recent Japanese
catches on each of 3 whaling grounds, (A) south of Commander Islafds,
(B) north of Akutan, and (C) south of Akutan, are analyzed for eaéh
species by sex, length, and sexwyal maturity. Peculiaritiess of .#e suits
are discussed. Also reports on 2 marking cruises. 17 tables, 18 figs.

Omura, Hideo. 1955. Whales in the northern part. of the North Pacific.
Norsk Hvalfangsttidende 44(7): 395-405,

See Omura, Hideo. 1955. 44(6): 323-45.

Omura, Hide 0. 1958. North Pacific Right Whale. Sci. Reps. Whales
Res. Inst. 13: 1-52.

Reports data of two kinds: (1) the physical description of 2 right whales
taken near. Japan in 1956, and (2) collected right whale sightings from
the years 1925-34, 41, 48-57, in the coastal waters of Japan and the
North Pacific. Black right whales appear in the Bering Sea in June
and stay all summer. Of all sightings, 68% were of single individuals.
Largest group seen was four. 8 pls. , 27 figs. including 25 photos.



Omura, Hideo and Seij i Ohsumi, 1964. A review of Japanese whale
marking and in the North Pacific to the end of 1962, with some
information on marking in the Antarctic. Nor sk Hvalfangst~
tidende 53 (4): 90-112.

Reports on marking of blue, fin, humpback, sei (and Bryde's), and
sperm whales from 1949 to 1962. Of 3, 343 whales marked, 282 were
recaptured, 80% of which were fin and sperm. Area included waters
east of Japan to Long. 160 ‘E. , waters south of the Aleutian chain, and
the Bering Sea. Possibly independent populations are discus seal.
Appendix 2 gives sex, length, date. and locations of marking and re -
capture of each whale (including those recaptured by the USSR), plus
USSR marks recovered by the Japanese 1956-1962. 12 tables, 5 maps.

Omura, Hide o, Seiji Ohsumi, Toakahisa. Nemoto, Keiji Nasu, and
Toshio Kasuya. 1969. Black Right Whales in the North Pacific.
Sci. Reps. Whales Res. Inst. 21: 1-78.

Gives detailed anatomical descriptions of 13 black right whales,
including 2 previously reported by Omura, in 1958. Distribution is
shown on maps, by month from April to September, based on Japanese
whaling ships’ records and Sleptsov's 1962 article. Extensive comments
made on movements in the Aleutian area, and Gulf of Alaska, and the
Bering Sea. 27 figs. , 18 plates.

Pike, Gordon C. 1962. Migration and feeding of the gray whale
(Eschrichtius gibbosus). J. Fish. Res. Bd, Can. 19(5): 815-838.

Observations of gray whales from the coasts of British Columbia,
Washington and Alaska are combined with published accounts in an

effort to define the timin'g and route of the migration, and feeding areas
in the Bering and Chukchi Seas. Uncertainty remains as to the route
between British Columbia and the Bering Sea. Feeding observations,
particularly around St. Lawrence Island, are given. 4 figs. , 2 are maps.
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Scammon, C. M. 1874. The Marine Mammals of the, Northwe stern
coast of North America. John H. Carmany and Co. , San Francisco
and G. P. Putnam’s Sons, New York. 319 pages.

The first major account of marine mammals in Alaska coupled with
detailed descriptions of each species encountered. The book is written
in three sections: |. Cetacea, Il. Pinnipedia, and Ill. The American

Whale- Fishery.

Scheffer, Victor B. 1949. The Dan p,orpoise, Phocoenoides dalli, in
Alaska. J. Mammal, 30(2): 116-121.

Reports on observations during two cruises in 1947 and 1948. Describes
range in southern Bering Sea, Aleutian Island waters, Gulf of Alaska
and southeast Ala ska. No sea sonality was observed. Anatomical
measurements given for 5 specimens. 2 plates.

Schiller, Everett L. and Robert Ra usch, 1956. Mammals of the Katmai
National Monument, Alaska. Arctic 9(3): 191-201.

Occurrence and distribution of mammals obtained in the summer of
1953 at Katmai National Monument. Harbor seals were found to be

c ommon along the Shelikof Strait, especially in Kukak, Katmali,

and Portage bays. Includes map of Katmai area with collection locali -

ties marked.

Skaptas on, Patricia Ann. 1971. The sea otter (Enhydra lutris). U. S.
Dept. Int, , Office of Library Services, Washington, I, C,

Bibliography of 194 references. Includes English language materials
and translations from the Russian from 1950-,1970, plus one 1897
publication. Index by subject and geographic area.

Vania, John and Edward Klinkhart, 1967. Marine Mammal Report.
Vol VIII, Annual Project Segment Report, Federal Aid in Wild-
life Restoration. Alaska Dept. of Fish and. Game. 24 pages.
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Reproductive tracts of 11 adult females Steller sea lions collected in
October, 1966, were examined to learn about reproductive biology.
Delay of implantation appears to last about 3 months. Molt at Lat. 580
59 °N lasts from the last week in July until beyond Oct. 25.

Thirty otters were transplanted from Print e William Sound to Klag

Bay (Southeast Alaska) and Yakutat Bay. This transplant followed a

similar effort in 1965. Breeding success of the transplanted animals
has not been confirmed.

Reports on studies of harbor seals at Tugidak Island and the Port Heiden-
Port Moller area, primarily oriented towards commercial harvesting

for pelts. Three hundred pups were tagged on Tugidak Island; 45 were
recovered. Aerial surveys were carried out of Tugidak Island, Port
Heiden-Port Moller, and Sitkinak Island. , Seal Island and Cinder River.

Four belugaswere collected in the Kvichak River and measurements and
stomach contents are given.

Vania, John, Edward Klinkhart and Karl Schneider. 1968. Marine
Mammal Report. Vol IX, Annual Project Segment Report,
Federal Aid in Wildlife-Restoration. Alaska Dept. of Fish and
Game. 46 pages.

Harvesting activities on sea lions were monitored on Sugarloaf Island
and Marmot Island where hunters took 4, 855 sea lion pup pelts. Hunting
activity cause a shift of several thousand sea lions from one area of the
rookery to another. Sightings of transplanted otters near Klag Bay are
reported. Examination of pelage: harbor seals collected at 2-week
intervals during 1966-67 indicated that molt begins in late August and

is completed by late October. Eleven hundred and six pups were tagged
at Tugidak Island (June 2-21), and 180 at Port Heiden (June 14-28).
Pupping area on Tugidak Island, Port Heiden and Port Moller were
surveyed by air during June, July and August. Re suits are tabulated
for 1965-1967.

Wilke, Ford, and Clifford H. Fiscus, 1961. Gray whale observations.
J. Mammal. 42 (1): 108-109.

Reports observations off Washington, off Kodiak and in the Chukchi Sea,

Bering Sea and Gulf of Alaska. Includes thoughts on route of migration
and observations of feeding.
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I. Summary of Objectives, conclusions and implications with respect
to OC S oil and gas development.

Proposed oil and gas lease sites occur in the northern Bering Sea
west from Norton Sound, and the southern Chukchi Sea west from

K otze bue Sound. Bowhead (Balaena mystic etus) and belukha (Delphin~
apterus leucas) ywhales Pass through these areas from about March

t hrough July and again in the fall. The se animals apparently winter in
the Bering Sea, although those portions of the population that do are
unknown. Calving of bowhead. is believed to occur in the northern
Bering Sea in May, but again, no reliable data are known to exist.
Since. adverse affects to these animals could re suit from oil or gas
related perturbations, identification of population centers, seasonal
movements and potential are as of production are major considerations
in developing energy” resource management decisions.

Il. Introduction.

A. General nature and scope of study.

The intent of RU 69 is to extend our.. knowledge of the general ecology
and population parameters of the bowhead and belukha whales. To
accomplish the se objective s, an analysis of early spring movements
and the identification of ‘important geographic requirements for
migration and calf production are essential. Because of potential
interrelationships between all marine mammals in the Bering Sea,
population density and distribution estimates will also be made on
other species, such as walrus (Qdobenus rosmarus) and bearded seal
(Erignathus barbatus),

B. Specific Objectives:

1. To ascertain if bowheads and/or belukhas use open water polynyas
as a place to winter over, or for spring staging prior to the northern
migration.

2. ldentify time and location of. movements of bowhead and belukha

as spring leads develop in the-northern Bering Sea and the southern
Chukchi Sea.

3. Determine if bowheads may be breeding and/or calving within oil-gas
lease sites in the northern Bering Sea and/or the southern Chukchi Sea.
4. Survey for be lukha and bowhe ad to determine distribution and rela-
tive abundance,

5. Develop aerial survey sampling techniques; and, provide maps
describing spring distribution..



C. Relevance to problems of petroleum development.

Oil-gas leases in the northern Bering and southern Chukchi Seas,

if granted, are contiguous to the spring and fall migration paths of

both species. B owheads are believed to give birth in the northern
Bering Sea while in migration north, Since the bowhead is a harve sted
resource and thus of economic value to the Arctic Eskimo economy,
and an endangered species, protected by the Rare and Endangered
Species Act of 1973 and international agreement, research on abundance
and distribution in these areas is of considerable value,

I1l. Current state of knowledge.

It would appear from the literature that very little information exists
cone e rning the distribution and abundance of bowhead and belukha in

the Bering Sea during the late winter and early spring. Whaling records
indicate that bowhead and be lukha were taken over the continental shelf
in northwestern Bering Sea from May through August, however, relia-
bility of population estimates from these ''data' are difficult. Those
early records suggest that the se animals may not migrate to open water
south. of the ice edge, and thus seek open water (polynyas) west and
southwest of St. Lawrence Island to winter over.

Two hypotheses exist: 1) Animals migrate north from the southern
Bering Sea in March and April as leads develop in the northern Bering
Sea; and/or 2) remain in the northwe stern Bering Sea in polynyas prior
to migrating into the Chukchi and Beaufort Seas in April and May.

Previous sightings of bowhead movements past Pt. Hope and Pt. Bar-
row, Alaska, have revealed that three or four “waves” or groups pass
at different intervals during the spring. Immature and young bowheads
apparently migrate fir st (late April - early May) while females with
calves and bulls migrate late r (late May - late June).

IV. Study Area.

The study area generally includes the region southwest and west of

St. Lawrence Island east to the Yukon Delta, north throughout the north-
e rn Bering Sea into the southern Chukchi Sea to approximately Cape
Lisburne. The geographic boundaries of the survey area are within

Lat. 58 “N. to the south and Lat. 69 “N. to the north, and Long. 178 “W.
to the west and Long. 165 “W. to the east.



V. Sources, methods and rationale of data collection.

Sighting data are collected exclusively from aerial surveys flown over
open water and pack ice. Aerial surveys are the best method available
to cover an area as extensive or -as variable, with reagrds to ice condi-
tions. Pack ice, polynyas and ice leadsare sampled using random

and systematic transects.

The study area is surveyed using the Department of the” Interior, Office
of Aric raft services’ P2V and Gruman Super Goose. Scheduled tran-

sects, sampling methodology and rationale are summarized in the” 4th
quarter operations report (No. X,  page 6).

V1. Re suits.

Survey flights under ruU69 began for the first time -in March 1976,
hence no analysis of the data sampled are available at this time.
Preliminary data summarization will be made during the 5th quarter
report (1 April - 30 June 1976),

A sample annotated bibliography covering bowhead and belukha whalee
and other marine mammals in the northern Bering Sea and southern
Chukchi Sea is included as an Addendum to this report.

VIl. Discussion.

Surveys are flown in four geographic areas of the northern Bering Sea
(developed during the 4th quarter planning stage), which represent four
oceanographic -environmental conditions (Figure 1).

Section A generally consists of pack ice during the early spring with
some open water south of St. Lawrence Island. Sector B is somewhat
uncle r the influence of fast ice to the east with some open water towards
St. Lawrence Is. Sector C is characterized by large areas of broken
ice and developing leads to the north and southewst, while emergent
fast ice in the southern “part of Sector C is forced up against the north-
e rn edge of St. Lawrence Island. Sector D may be an important area
where bowhead and perhaps belukha remain during the winter or con-
gregate during the early spring prior to their northern movements

into the Chukchi and Beaufort Seas. Areas of open water in Sector D,
called polynyas, could therefore represent significant distributional
constraints on the moveéements of bowheads, Ice conditions in all



Figure 1. Survey area of the northern.Bering Sea sampled for bowhead
and belukha whales during 15-25 March 1976.
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sectors are strongly influenced by wind, especially from the north
and south.

VIIlI. Conclusions.

None.

IX. Needs for further study.

A priori_it would appear from the’ limited literature sources that
surveys using ships with ice breaker capabilitiess would be extremely
helpful. Oil-gas lease areas in the northern Bering Sea are believed
to be in the direct path of bowhead and belukha migration, and perhaps
within their calving areas. Localized studies on certain population
character stics cannot be completely carried out by aircraft nor from
shore, principally because of land fast ice conditions, but may from
aboard ships.

X. Summary of 4th quarter operations.

A, Ship or laboratory activities.
1. Ship or field trip schedule.

a. 15-25 March, Super Goose aircraft.
2. Scientific Party

a. Dr. Howard Braham (Principal Investigator)

b. Mr. Keith Parker (RU 67/69 coordinator)

c. Mr. Bruce Krogman (RU70 coordinator)

d. Mr. Patrick McGuire (observer)
3. Methods - See V (page 3)
4. Sample localities.
The survey area covered Lat. 62 “N. to the south and 66 “N. to the north;
and Long. 177 “W. to the west and 165 “W. to the east. Pre~determined
survey tracklines are summarized in Table 1; itemized for Sectors A
through D (Figure 1). Transects n Sector A, B, and C were drawn at
random, while those for Sector D represent a systematic de sign. s'inalized
tracklines that were flown will be liscus sed in the 5th quarter report,
5. Data collected or analyzed.
To be reported om in the 5th quartier report.

147



Table 1. Sample tracklines for random transects in the northern Bering
Sea south (Sector A), east (Sector B) and north (Sector C) of
St. Lawrence Island, and systematic tracklines we at of St,
Lawrence Island (Sector D) planned for the 15-25 March 1976
survey period (see figure 1).

Beginning Ending

Sector Track No. Latitude Longitude Latitude Longitude
A | 62°37'  169°001 62°37'"  172°00'

2 62°34!' " 62734’ "

3 62°19!' " 62°19! "

4 62°00" L 62°00" It

5 62 °39! " 62°39’ "

6 62714 " 62°141 "

7 61°50' " 61 °50" L

8 61'291 n 61029t "

9 620441 " 62°44° "

10 62°16’ " 62°16" "

11 61°40' n 61 °40° "

12 61°19' " 61°191 It
B 1 64°20'  166°24° 62°37'  168°00"

2 62°00°' 169°00’ 64°20° 165 °49*

3 64°20!' 166°251 62°39’ 168°00!

4 61 °29? 169°00’ 64°20! 165°16"

5 64°20' 166°29’ 62°44! 168°00’

6 61°10' 169000’ 64°20! 165°11'
Cc 1 64758’ 167°00' 64°58’ 170°10%

2 64°50! H 64°50’ n

3 64°25’ " 64°25" n

4 64 215" It 64°15" "

5 63°57! It 63°57! "

6 63°42! " 63°42! "

7 65°37’ 168°10° 63°47! 171727

8 63 °49! 171035” 65°40!' 168°18”

9 65°42" 168°25” 63°51’ 1710401

10 63°55! 171053” 650461 168 °36!
D 1 63°57: 173°35” 64°44! 176°24°

2 64°30' 176°411 63°28' 173°17”°

3 63°16' 1737441 64°16' 177°03!

4 64°01’ 177 “25! 62°56! 173°53”



ADDENDUM
Sample Annotated Bibliography

Re search Unit 69

Bibliographic citations listed may apply to one or more research units.
In the final report (1 October 1970) each RU will have listed a compre-

hensive annotated bibliography covering the appropriate geographic
region(s) for which each RU is responsible.



SAMPLE ANNOTA TED BIBLIOGRAPHY: RU&9

Annual Report, FY 1976

Bailey, Alfred M. and Russell W. Hendee. 1926. Notes on the
mammals of northwestern Alaska. J. Mammal. 7(1): 9-28.

Recounts an expedition of 15 months in 1921-22, visiting King and St.
Lawrence Islands, Wainwright, Point Hope, Demarcation Point, and
points on the Siberian coast. Includes observations on: polar bear,
largha seal, bearded seal, ringed seal, walrus, bowhead whale, gray
whale, killer whale and harbor porpoise.

Burns, John J. 1965. The Walrus in Alaska. Vol.V, Fed, Aid in
Wildlife Restoration Project Report covering investigations
completed by Dec, 31, 1963. Alaska Department of Fish and

Game. 48 pages.

The history of walrus exploitation, economic role in Alaska, and recent
and current research are discussed. Some of the early chronicles,
and nearly all scientific investigators are listed and referenced in the
bibliography. Original research reported was collected for walrus.
observations to determine migration and distribution patterns. Most
females start topbreed around age 6, males about the same. Most
mature females bear one calf every 2 years Maj or food species are
Mya trunc ata and ‘Clinocardium nuttalli (clams). Walrus predation on
seals is discussed. Minimum population is estimated at 90, 000.
Migration and known distribution is given, by season, combining pub-
lished and unpublished observations. Collected observations. of haul-
ing out areas are given, including the Walrus Islands in Bristol Bay
and Punuk lIslands. C ollected behavioral observations are given

Burns, John J. 1965, Marine Mammal Report. Vol. VI, Annual
Proj ect Segment Report, Federal Aid in Wildlife Re storation
Project. Alaska .Dept, of Fish and Game. 45 pages.

Covers calendar year 1964. Major spring migration ¢f walrus through
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Bering Strait occurred during the last week in May and the first week
of June. This was at the same time as during previous years, in spite
of an unusually slow retreat of the pack ice. Forty- one adult females
examined were 64% parturient, 24% pregnant, and 12% barren. Par-
turition rate was found ‘co be one calf every 2.02 years, among twenty-
nine animals. Also contains short sections on migration (including
notes on correlates of ice movement), segregation of sexes, and foetal
development, in addition to reproductive investigations.

Notes that 10 or 12 whales, mostly grays, were taken at Barrow during
the summer. Bearded seal biology is given in detail. Nursing period
is short, 12-18 days, and by weaning time the pup has reached 69%

of adult length. Migration is generally concurrent with the seasonal
advance and retreat of the pack ice, although young seals are some-
times found where there is no ice.

Burns, John J. 1965. Marine Mammal Investigations in northwestern
Alaska. Paper presented at the 45th Annual Conference of the
Western Association of State Game and Fish Commissioners,
Anchorage, AK, July 8, 1965. 10 pages.

Discusses bhiology and management of walrus and bearded seal, with
concise presentation of natural history.

Burns, John J. 1966. Marine Mammal Report. Vol. VIl Annual
Project Segment Report, Fed. Aid in Wildlife Restoration,
Alaska Dept. of Fish and Game. 47 pages.

Walrus teeth were examined from known age walruses, and the tooth
interpretation method previously used was found valid. Reproductive
tracts of 160 mature females from nursery herds were examined; 71
percent were newly parturient, 21% were pregnant, 8% were barren.
Females first breed at age five or six, and calve from then on an
average of once every 2,2 years. Adult female Pacific walrus reach

a weight of about 2, 100 pounds. The main migration moved through
Bering Strait from 20 May - 18 June. Some positions and dates of walrus
concentrations are noted. 21, 015 seals were harvested and bountied from
just south of Nunivak Island to Barrow, by 512 hunters: 13, 590 ringed,

3, 430 bearded, and 3, 995 harbor seals.

1ol



Burns, John J. 1967. Marine Mammal Report. Vol. VIII, Annual
Project Segment Report, Federal Aid in Wildlife Restoration
Project. Alaska Dept. of Fish and Game. 44 pages.

Analysis of the age composition of 353 male walrus taken at Savoonga
indicated an annual mortality rate of about 12 percent (maximum) for
year clas ses 14’ through 28, and about 14 percent (maximum) for year
classes 14 through 33. Size of population is apparently continuing to
increase.Walrus observations are reported from Nushagak Bay (May)
Round Island in Bristol Bay (May-June), Big Diomede island and the
Punuk Islands (early December). Eighty percent of the walruses har -
ve steal were taken by the villages of Gambell, Savoonga, Diomede and
King Island. It is noted that some male walrus winter, singly or in
small herds, much further morth than the main groups (occas sionally
as far north as Lat. 700 in late February). Concentrations of animals
were moving through the Bering Strait from May 28 to July 4. Five
species of pinnipeds in the northern Bering Sea are discussed: ringed,
ribbon, bearded and harbor seals, and walrus. A map gives the dis-
tribution of these species in April-early May, and the distribution is
discussed as it corresponds to their different adaptations.

Burns, John J. 1970. Remarks on the’ distribution and natural history
of pagophilic pinnipeds in the Bering and Chukchi Seas, J.
Mammal. 51(3): 445-454.

Author’s abstract: “Five species of pagophilic (ice-loving) pinnipeds
live in the Bering and Chukchi seas: Odobenus rosmarus, Phoca (Puss)
hispida, Phoca (Histriophoca) fa_sc_iata, an ice -breeding population of
Phoca (Phoca)vitulina, and Erignathus bar batus, Breeding adults of
these species are mostly separated from each other during late winter
and early spring, when throughout the pupping and subsequent mating
periods, P. wvitulina and P._fast iata occupy the edge-zone of the seasonal
pack ice, E,Barbatusand O, rosmarus are mainly farther north within
the heavier pack ice, and P. hispida occupies areas of extensive land-
fast ice. This paper discusses differences in body structure, ecological
adaptation, and behavior in relation to di stribution of the five species.

Burns, John J. and Samuel J. Harbo, Jr. 1972. An aerial census of
ringed seals, northern coast of Alaska. Arctic 25(4): 279-290.
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Flights were made to survey the land-fast ice from Point Lay to

Barter Island, from 8-15 June 1970, to establish baseline distribution
and density of ringed seals. The density of seals in sectors east of
Point Barrow was low and relatively uniform (2. 23, 1.06, 1.38 and 2.43
seals /miz. ) Within sectors southwest of J;his point, density was sub-
stantially higher (5. 36 and 3. 70 seals/mi”). The minimum population
was estimated at 11, 612 animals. Areas of previous seismic oil
exploration within the survey area were compared to undisturbed por-
tions and no appreciable difference in ringed seal occurrence was

found. 4 figs. , 3 tables.

Burns, John J. and James E.morrow, 1973. “The Alaskan arctic
marine mamimayis ‘and fisheries”, paper given at the Fifth Inter-
national Congress of the Fondation Francaise D'Etudes Nordiques,
called “Arctic Oil and Gas: Problems and Possibilities”, at
LeHavre, May 2-5, 1973. 22 pages.

Author discus ses fishes and marine mammals of the Chukchi Sea, the
arctic coast of Alaska and the northern Bering Sea with respect to
offshore oil development. Toxicity of crude or refined oil to fishes is
known and extreme toxicity to eggs and larvae is noted. Oil spilled

in arctic waters will persist, due to the low temperature and slower
decomposition. Seismic exploration by several different concerns
often involves a succession of explosions in the same areas which
destroy fish, Epontic algae grows on the under surface of the ice.
Accidental or chronic gradual discharge of oil would spread under the
ice, be trapped there for long periods of time, and either Kkill the algae
there or be incorporated into the food chain from there on up. The
same re suits can occur among benthic organisms when oil is deposited
on the bottom. The occurrence of all arctic marine mammals is
discussed.

Clarke, Robert. 1957. Migration of marine mammals. Nor sk Hval-
fangsttidende 46(1): 609-630.

A general review of migrations of the large whales and of small numbers
of small cetaceans, fur seals, phocid seals, and walruses. Notes lack
of understanding of mechanisms of migration. 11 figs. , 76 refs,
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Fay, Francis H. 1974. The role of ice in the ecology of marine
mammals of the Bering Sea. In_D. W. Wood and E. J.Kelley
(Eds, ), “Oceanography of the Bering Sea”. Inst. of Marine
Sci., U. of Alaska, Fairbanks,. Pages 383-399.

De scribes different kinds of ice; describes seasonal changes of ice and
corre spending movements, of marine mammals. Lists 25 species of
marine mammals in 3 categories according to contact with ice. Good
detail. Good understanding of habitats. Insights into evolution are
discussed.

Fiscus, C. H. and W. M. Marquette. 1974. Report on Bowhead Whale
Studies in Alaska, 1974. National Marine Fisheries Service.

29 pages. (unpublished manuscript)

Whaling catch records and sighting data for Bowhead and Belukha at
various e skimo whaling camps along the coast of the Chukchi and

B eaufort Seas are discussed. Spring and fall sightings of all marine
mammals are also documented.

Foote, D. C. 1964. Observations of the Bowhead Whale at Point Hope,
Alaska. 78 pages (unpublished manuscript).

Describes the occurance and distribution of bowheads in relation to
the shore leads off Point Hope, and the frequency of age classes.

The author de scribes ocean currents, sea ice conditions, migration
routes and herd composition, calving and copulation as well as general
bowhead behavior.

Klinkhart, Edward. 196”6. The Beluga Whale in Alaska. Vol. VII,
Project Report, Fed. Aid in Wildlife Restoration, Alaska Dept.

of Fish and Game. 11 pages.

A general article drawn from about 25 sources. Nearly all ¢ oncentra -
tions of belugas occur in shallow bays or estuaries of large rivers
north of Lat. 40 ‘N (have been seen up to 60 miles upstream from the
mouth of the Yukon River). Population in Bristol Bay, (which appears
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to be resident throughout the year) is estimated at 1, 000-1, 500.
Population in Cook Inlet is estimated at 300-400. Populations
which winter in the Bering Sea may be those which summe r in the
we stern Canadian arctic and eastern Siberian arctic.

Nasu, Keiji, 1960. Oceanographic investigation in the Chukchi Sea
during the summer of 1958. Sci. Rpts. Whales Res. Inst. 15:
143- 158,

Nineteen stations were occupied in the area between Point Hope and

the K olyuchin Gulf and southward to the Bering Strait, during 5 days
in August. Oceanographic data were presented. Marine productivity
appears to increase in the western part and decrease in the eastern

part. A map shows their sightings of gray whales, 2 right whales, a
fin whale, and an unidentified whale, and also shows some previous

sightings of gray whales in the Bering Sea. 11 figs.

Nasu, Keiji. 1963. Oceanography and whaling ground in the subarctic
region of the Pacific Ocean. Sci. Rpts. Whales Res. Inst.

17: 105-155.

Data was obtained by whaling factory and whale marking boats in the
North. Pacific Ocean and Bering and Chukchi Seas. Extensive oceano-
graphic data collected. Usual whaling grounds for blue, fin, humpback,
sei, and sperm whales are discussed. Areas north and south of Unalaska
are particularly productive for all species except perhaps blue. 51 figs.

Nishiwaki, Ma sahuru. 1966. Distribution and migration of marine
mammals in the North Pacific area. Eleventh Pacific Science
Congress, August 24, 1966.

Maps and short discussions on pre sent knowledge of distribution of
each species of marine mammal (excluding polar bear) found in the
North Pacific, Bering Sea and waters north of Bering Strait. Thirteen
pinnipeds, fifty-three cetaceans.
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, Omura, Hideo. 1958. North Pacific Right Whale. Sci. Rpts. Whales
Res. Inst. 13: 1-52.

Reports ‘data of two kinds: (1) the physical descriptions of 2 right whales
taken near Japan in 1956, and (2) cone cte d right whale sightings from
the years 1925-34, 41, 48-57, in the coastal waters of Japan and the
North Pacific. Black right whales appear in the Bering Sea in June

and stay all summer. Of all sightings, 68% were of single individuals.
Large st group seen was four. 8 plates, 27 figs. including 25 photos.

OCmura, Hide o, .Seiji Ohsumi, Takahisa Nemoto, Keiji Nasu, and
. Toshio Ka suya. 1969. Black Right Whales in the North Pacific.
Sci. Rpts. Whales Res. Inst. 21: 1-78,

Gives detailed anatomical desc riptions of 13 black right whales, in-
cluding 2 previously reported by Omura, in 1958. Distribution is

shown in maps, by month from April to September, based on Japanese
whaling ship’s records and Sleptsov's 1962 article. Extensive comments
made on movements in the Aleutian area, and Gulf of Alaska, and the
Bering Sea. 27 figs. , 18 plates.

Pike, Gordon C. 1962. Migration and feeding of the gray whale
(E schrichtius gibbosus). J. Fish. Res., Bd. Can. 19(5): 81.5-838.

Observations of gray whales from the coasts of British Columbia,
Washington and Alaska are combined with published accounts in an

effort to define the timing and route of the migration, and feeding areas
in the Bering and C hukchi Seas. Uncertainty remains as to the route
between British Columbia and the Bering Sea. Feeding observations,
particularly around St. -Lawrence Island, are given. 4 figs. , 2 are maps.

Scammon, C. M. 1874. The Marine Mammals of the Northwe stern
Coast of “North A me rica, John H. Carmany and Co. , San Francisco
and G. P. Putnam’s Sons, New York. 319 pages.

The fir st major account of marine mammals in Alaska coupled with de-
tailed de scriptions of each species encountered. The book is written
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in three sections: |. Cetacea, Il. Pinnipedia, and HI. The American
Whale-fishery.

Wince, Ford, and Clifford H. Fiscus, 1961. Gray whale observations.
J. Mammal. 42(1): 108-1009.

Reports observations off Wa shington, off Kodiak and in the Chukchj
Sea, Bering Sea and Gulf of Alaska. Includes thoughts on route of
migration and observations of feeding.
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1. Summary of objectives, conclusions, and implications with respect
to OC S oil and gas development.

Bowhead (Balaena mystic etus) and belukha (Delphinapte rus leucas)

whale-s are thought to be: associated with the ice front” and. polynya systems
during the winter in the northern Bering Sea. They-migrate northward

in the spring to .summer feeding areas in the Chukchi and Beaufort Seas.
The se areas and areas where” animals can be found throughout the year,
must be defined so that population estimates can be obtained providing

a basis for evaluating conservation efforts, and to provide information
necessary for management of the populations.

The Beaufort Sea '""Basin'' oil-gas lease sites are in the pathway of
migrating bowhead and be lukha whales. Oil spills and other distur -
bances of the marine environment could drastically affect migrating
animals, especially in shore leads, even if pollution is kept local to
lease sites. The effects of oil development on the biology and ecology
of these animals at this critical time in their annual cycle must be
evaluated, before any rational oil lease development plan can be imple -

mented,

11. Introduction.

A. General Nature and Scope of Study.
The number of bowheads that inhabit the Beaufort Sea is unknown but
probably is small. Speculations have been made that the belukha stock

numbers 3500+ animals.

The bowhead, followed by the belukha, moves northward from the
Bering Sea in late March or early April as leads begin to open. By
late April in the Chukchi Sea there is a shore lead (usually within 1 to
5 miles off the coast) of open water extending from the Bering Strait
northward to Pt. Hope and northeasterly to Pt. Barrow. Other leads
open farther offshorebut no information exists as to whether animals
use the se leads to migrate into the northern Chukchi Sea rather than

the eastern Beaufort Sea.

Our general objectives then are to ascertain seasonal abundance and
distribution. Data on all marine mammals in the’ survey area also will

be reported.

B. Specific Objectives.
To determine what effect oil spills might have on these species during
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critical periods we must determine if their spring migration is
restricted to the shore lead or if there are animals using offshore

leads. The assumption then is that shore leads are more vulnerable

to oil related perturbations than offshore leads. This may not, however,
be true. Information on the numbers of animals comprising these stocks
is needed, and data on the migratory patterns both in spring and fall

are necessary to determine times when the movement of vessel traffic
and attendent dangers of petroleum development are minimal,

During the fir st year we designed a sampling program which will be
te steal during the 5th quarter, to obtain specific data on migratory
patterns. Six surveys will be flown, three in May and three in June,
1976; and perhaps one additional flight in September, 1976. Weather
conditions in the survey areas greatly influence the success and value
of flights. We anticipate a need for 5 years of survey flights, coupled
with several years of observations from the fast ice at the edge of the
lead, to pruvide data on the numbe#rs of animals c omprising the se
stocks. Even then, reliable population estimates may not be possible.
Knowledge gained in the first year will be used to develop programs in
succeeding years.

C. Relevance to problems of petroleum development.

Re suits obtained from this study will provide a basis for evaluating
the impact of oil-related activities on the whales. General location
of whale movements related to site selection of potential drilling
operations and transportation activities will be determined.

Extent of use of shore and offshore leads by bowheads and belukhas

can thus be related to the temporal and spatial requirements of
petr ole urn development -and operations.

I1l. Current State of Knowledge.

B owhead whales pass along the shore of the Chukchi and Beaufort

Seas in leads and open water from April to October. Apparently
belukhas migrate with the bowhead, or follow shortly thereafter.

In the spring, bowheads appear to migrate in stages; early migrants
(April) are younger and smaller animals, migrants in early May may
repre sent an intermediate size -age category, while in late May and
June adult females with calves and breeding bulls move past the whaling
stations at Pt. Hope and Pt. Barrow. The movements of belukha are
assumed to parallel those of the bowhead, however, data are lacking.



The specific grouping and composition of bowhead and belukha populations
is unknown, as is the lack of information on abundance figures. Stock
asses sment and total geographic movements of bowheads and belukhas
cannot be made adequately from aboard ships nor from the

shore leads. Vessels undoubtedly cannot work effectively in the lead
systems without altering the movements of whales, also it is not likely
that a vessel can traverse enough area to assess geographic distribution
and abundance in one season (e. g. , late April - mid June). Land base
observations have limitations as some animals undoubtedly pass un-
detected (without the use of hydrophores). An integration of aerial and
land and/or shipboard censusing would probably achieve the best census

results.

IV. Study Area.

The study area includes the Chukchi Sea north from Point Hope into
the A retie Ocean and east into the Beaufort Sea to the United States -
Canadian border. Specifically, this area is bounded by Lat. 68 ‘N.
to the south, Lat. 71 ‘N. -to the north, Long. 169 “W. to the west and
Long. 141 ‘W. to the east.

V. Sources, methods and rationale of data collection.

A. Sources.

1. A literature search and annotated bibliography is being prepared

and will be completed by 1 October, 1976. Published and unpublished
data will be gathered of catch statistics, distribution, abundance, and
timing of migration.

2. The fir st aerial survey of the Beaufort and northeastern Chukchi

Seas was made from 2 September to 7 October. The survey aircraft
was a DeHaviland Twin Otter provided by the Naval Arctic Research

Laboratory at Barrow, Alaska. All flights were made from Barrow.
The scientific party included:

Willman M. Marquette National Marine Fisheries Service
Mar ine Mammal Division
Principal Investigator, RU 70

Robert D. Everitt National Marine Fisheries Service
Marine Mammal Division



Geoffry M. Carroll National Marine Fisheries Service
Marine Mammal Division

B. Methods.

Twelve flights were made on approximately 3, 300 miles of random
transect lines over the survey area which included the coastal leads
and open water, and various ice covers ranging from little ice to solid
ice pack. Photographs (135 mm high speed Ektachrome color film:!
were made of the target species.

Cc. Rationale of Data Collection.

1. Data Processing.

Techniques and methods used fcr the survey were standardized where
possible with those of other investigations. Several methods of data
analysis are planned for this program, and through consultation with
NWFC biometric ians and outside consultants, the most suitable will be
selected. Statistical analysis of.the data will be carried out after the
1976 spring field season and reported on in the final report (}'October
1976).

The numbers and location of all species of marine mammals sighted
during the surveys will be available on computer cards and magnetic
disc’- storage. Charts showing sighting locations will be prepared for
inclusion in reports of survey results.

2. Data or sample exchange interface.

The investigators involved in OCS re search programs are in contact
with each other, and in most cases several programs will use the same
platform and perform the research cooperatively. Raw data obtained
on transects will be available on work sheets almost immediately upon
conclusion of a flight and then placed on punch cards. Sighting reports
of species other than bowheads and belukha may be needed by other
principal investigators, i. e. Estes RU 14, and can be made available
within a short time after each survey.

V1. Re suits.

A literature search is in progress and ground work on preparation of

an annotated bibliography with standardized format will be completed

at the end of the FY76 contract period. A sample annotated bibliography
is included in this report as an Addendum.



Methods for recording data have been prepared and data processing
begun, The data will be entered on cards on final, approval of a format

by the OCSEAP Data Management Program.

Few marine mammals were observed during the fall 1975 survey. Only
two bowheads, and no belukhas wexre observed (Table 1). The tracklines
flown are shown in Figure 1. A detail of the tracklines aml exact loca-
tions of animals surveyed will be reported on in the final report (1 Octo-
ber 197 6). A summary of marine miammals spotted by other OC Sand
non-OC S investigators is reported an Table 2, according to species

location.

VII. Discussion.

Photographs and data obtained during the September and October
survey are being examined and will be analyzed together with the spring
1976 survey. Data collected and reported by other agencies during the
last year such as in Table 2 will be included in the final report. Other
species observed during the September-October 1975 aerial ‘survey will

be forwarded to intere steal Principal Investigators.

‘Fog, high winds, rain and other factors all affect the” succe ss of survey
flights. Where nece ssary during flights, tracklinesare changed to. ob-
tain the best weather ¢ onditions over each survey area, In future planning
sufficient time will be allowed for delays caused by weather. The ice
pack remained up, against the land much of the fall, hence, few surveys
of leads could be made succe ssfully,

The GNS 500 navigational aid in the Twin Otter was not working properly
and correct positions had to be obtained by use of radio beacons and
Dewline station fixes. This reduced the effectiveness of our transect
effort, causing the reliability of our transect theory to be reduced.

A detailed analysis of data obtained during the 1975 and 1976 fall

surveys, and spring 1976 surve ys will be reported on in the final RU 70
report.

VIIl. C occlusions.

None at this time.
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Table 1. A summary of live and dead marine mammals sighted during
an aerial survey from Point Lay (Lat. 69 °48'N, Long. 1630
00'W,) to Herschel Island (Lat. 69 °38'N, Long. 139°00'W, )
from 2 September to 7 October 1975,

Animals Observed

Species Live Dead
Bowhead {(Balaena mystic etus) 2 0
Unidentified whale 1 2
Belukha (Delphinapterus leucas) 0 0
Walrus (Odobenus rosmarus) 462 3
Bearded seal (Erignathus barbatus) 2 0
Polar Bear (Ursus maritimus) 2 0
Unidentified seal 0 1

e



Figure 1. Tracklines flown from 2 September to 7 October 1975 from
Point Lay (Lat. 09048'N. Long. 163°00'W, ) to Herschel
Island (Lat. 69 °38'N, Long. 139000 'W, ) surveying shore
leads for marine mammals,
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Table 2. Marine mammals sighted by various OCSEAP and
\ non-OCS observer 8n the RU 70 aerial survey area,
during 1-30 Septemrber 1975.
|'
. ‘
Date |
Time Numbers Position Observer Comments
Unidentified Whales
'l.-
8 S%p 75 1 Lat. 70047tN. J. Estes P2V fall aerial sur-
' Long, 160°57'W., (USF&W) vey
3 .
11 Sep 75 2 Lat. 70049’'N. D. Miller Off Pt. Belden, 1-2
v Long. 159 °43'W. miles, gray =-blueish
: color
18 Sep 75 2 Lat, 71 °23'N. D. Miller  Whales heaaed NNW
0900 Long. 155057 'W,, dark in color, almost
! black
! 5 Lat. 70 °58'N. D. Miller Whales *raveling SW
! Long. 158°55 'W.. 1c 4/8
Gray Whales (Eschrictius robustus)
1 Sep 75 1 Lat. 70 °28'N, J. E stes Off Wainwrzright
Long. 161°07'W, P 2 V fall aerial survey
Bowhead Whales (Balaena mysticetus)
1 Sep 75 3 Lat. “69 °20 ‘N. Pat Doyle Observed from heli-
Long. 136°00'W, (Bradley copter
Air Service,
Canada)
1-2 Lat. 69 °30'N. " "

Long. 137000 ‘W.

164



11

Table 2. (cont'd)

Date /
Time Numbers  Position Observer Comments

B owhead Whales {cont'd)

7sep75 i Lat. 70007'~. Herman Small’ vowhead 3-4
(approx) Long. 143°23'W. Ishanon miles east of Porter
( Kaktovik Island
native)
8 sep75 1 Lat. 71°02'N,. J. Estes Off Pt. Franklin
Long, 158°57'W, P 2 V fall aerial sur-
vey.
14 Sep 75 4 Lat. 69 °03'N, Pat Doyle 12 miles west of Shingle
“Long. 137 °42'W. Pt. and 1/2 mile off
shore,
16 Sep 75 1 Lat. 71°24 ‘N. M. Densley 50 yards off Pt. Barrow
1600 Long; 56°27'W, (NARL) heading W
17 Sep 75 “1’ Lat. 71°20 ‘N. S. Paktohok
Long. 156°46'W, (Whaling crew)
20 Sep 75 3 Lat.,, 70 °08'N, K oktovik Whalers reported total
Long. 143 °19'W, whalers of 3 whales during 13-20.
Sep 75.
28 Sep 75 1 Lat. 71°28,3'N, M. Densley From _Burton lsland
Long. 156°15. 5'W,. heading SW

B elukha Whales (Delphinapterus leucas) .,.

3Sep 7 ? Lat, (0°38 ‘N.” J. Aiken Off Wainwright - Numerous
Lozig,160 ‘10 'W, (NARL (?) belukha
pilot)
5 Sq'p 75- 10 ? Barrow Between Pt. Barrow & Plo-
native’ ver Is. 100-200 yds offshore
headed NW



Table 2. (cent'd)
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Date /
Time Nunber s Position Observer Comments
Belukha Whales (cont'd)
8 Sep 75 3 Lat. 71°47'N, J. Estes P2V fall aerial sur-
Long. 157 °30'W, vey
1 Lat. 71°27'N,
Long. 158°08'W,
11 Lat. 71 “15 ‘N.
Long. 158°28'W,
1 Lat. .71013 'N,
Long. 158 °30'W,
3 Lat. 71015 ‘N.
Long. ‘158°55 'W,
1 Lat. 71 °31'N,
Eeng, 158°55 ‘W.
11Sep75 3 Lat. 70 °46'N, D.MIler Between Wainwright and
Long. 159°55 “W. Pt. Barrow 2-3 miles
off shore
13 Sep 75 3 Lat. 71°001N. J. Mellos 3-5 miles offshore in
1330 Long. 138°00'W  (NARL) Pearl Bay
Walrus (Odobenus rosmarus}
18 Sep 75 100- 200 Lat. 70 °58'N., 'D. Millex lc 1-2/8
Long. 158°55 ‘W.
21 Sep 75 Many (?) Lat. 70 °53'N, D. Miller Between Pt. Frapklin &

Long. ‘159°23'W,

Pt. Belcher




Table 2. (cent'd)

13

Date /
T ime Number Location

Observer

-Comments

Unidentitied Seal or Walrus

22 Sep 75 1 Lat. 70 “20 ‘N.
Long, 157°24'W,

Polar Bear (Ursus maritimus)

18 Sep75 3. Lat. 71 “31 ‘N.
Long. 156°36'W,

172

D, Mne?

D. Mller

15 miles S of
Barrow, 10 miles
offshore

10 miles N “of
Barrow running
north.



IX. Needs for further study.

The NMFS has prepared and submitted a proposal to OC SEAP for the
establishment of an ice-based census station at Barrow, Alaska. The
purpose of the ice-based station is to obtain a count of all whales mi-
grating past Barrow during the spring. Observations on the ice should
allow us to make more reliable estimates of whale movements, group
compositions and abundance. Our ability to count animals passing by
a counting station would be greatly increased if a hydrophore were
available to our census personnel.

X* summary of 4th quarter operations.

A.  Ship or laboratory activities.

1. Ship or field trip schedule - None.

2. Scientific Party - None.

3. Methods
a. Sampling methods were developed (to be reported on the
5th quarter report) which are designed to minimize the variance
in estimating population abundance. The survey scheme will
include replicated samples perpendicular to the shore lead to:
(1) avoid duplicate counts of animals passing certain areas along
the ¢ east; and (2) identify group composition as animals migrate
past the trackline.
b. C ordination efforts for ground truth between the ice-based
station at Pt. Barrow and the aerial survey team have been
developed and are expected to be implemented in April, May,
and June.

4, Sample localities - None.

5. Data cone cted or analyzed.
a. No data collected from 1 Jan to 31 March 1976.
b. Data collected in September 1975 was summarized and will be
put into OC S data management format during the 5th quarter.
Re suits of this survey are covered in VI.



ADDENDUM

Sample Annotated Bibliography

Research Unit 70

Bibliographic citations listed may apply to one or more re search units.
In the final report (1 October 1976) each RU will have listed a compre-
hensive annotated bibliography covering the appropriate geographic
region(s) for which each RU is responsible
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SAMPLE ANNOTATED BIBLIOGRAPHY: RU 70

Annual Report, FY 1976

Bailey, Alfred M. and Russell W. Hendee. 1926. Notes on the
mammals of northwestern Alaska. J. Mammal. 7(l): 9-28.

Recounts an expedition of 15 months in 1921-22, visiting King and St,
Lawrence Islands, Wainwright, foint Hope, Demarcation Point, and
points on the Siberian coast. Inqludes observations on: polar bear,
largha seal, bearded seal, ringea seal, walrus, bowhead whale, gray
whale, killer whale and harbor porpoise.

Burns, John J. 1965. The Walrus in Alaska. Vol. V, Fed, Aid in
Wildlife Restoration Project Report covering investigations
completed by Dec. 31, 1963. Alaska Department of Fish and
Game. 48 pages.

The history of walrus exploitation, economic role in Alaska, and recent
and current research are discussed. Some of the early chronicles,
and nearly all scientific investigators are listed and referenced in the
bibliography. Original re search reported was collected for walrus
observations to determine migration and distribution patterns. Most
females start to breed around age 6, males about the same. Most
mature females bear one calf every 2 years Major food species are
Mya truncata and Clinocardium nuttalli (clams). Walrus predation on
seals is discussed. Minimum population is estimated at 90, 000.
Migration and known distribution is given, by season, combining pub-
lished and unpublished observations. Collected observations of haul-
ing out areas are given, including the Walrus Islands in Bristol Bay
and Punuk Islands. Coliected behavioral observations are given

Burns, John J. 1965, Marine Mammal Report. Vol. Vi, Annual
Project Segment Report, Federal Aid in Wildlife Restoration
Project. Alaska Dept. of Fish and Game. 45 pages.

Covers calendar year 1964. Major spring migration of walrus through



Bering Strait occurred during the last week in, May and the first week
of June. This was at the same time as during previous years, in spite
of an unusually slow retreat of the pack ice. Forty- one adult females
examined were 64% parturient, 24% pregnant, and 12% barren. Par-
turition rate was found to be one calf every 2.02 years, among twenty=-
nine animais. Also contains short sections on migration (including
notes on correlates of ice movement), segregation of sexes, and foetal
development, in addition to reproductive investigations.

Notes that 10 or 12 whales, mostly grays, were taken at Barrow during
the, summer. Bearded seal biology is given in detail. Nursing period
is short, 12-18 days, and by weaning time the pup has reached 69%

of adult length. Migration is generally concurrent with the seasonal
advance and retreat of the pack ice, although young seals are some -
times found where there is no ice.

Burns, John J. 1965. Mar ine Mammal Investigations in northwestern
Alaska. Paper presented at the 45th Annual Conference of the
Western Association of State Game and Fish Commissioners,
Anchorage, AK, July 8, 1965. 10 pages.

Discusses biology and management of walrus and bearded seal, with
concise presentation of natural history.

Burns, John J. 1966. Marine. Mammal Report. Vol. VIl Annual
Project Segment Report, Fed. Aid in Wildlife Restoration,
Alaska Dept. of Fish and Game. 47 pages.

Walrus teeth were examined from known age walruses, and the tooth
interpretation method previously used was found valid. Reproductive
tracts of 160 mature females from nursery herds were examined; 71
percent were newly parturient, 21% were pregnant, 8% were barren.
‘Females first breed at age five or six, and calve from then on an

average of once every 2. 2 years. Adult female Pacific walrus reach

a weight of about 2, 100 pounds. The main migration moved through
Bering Strait from 20 May - 18 June. Some positions and dates of walrus
concentrations are noted. 21, 015 seals were harvested and bountied from
just south of Nunivak Island to Barrow, by 512 hunters: 13; 590 ringed,
3,430 bearded, and 3, 995 harbor seals.



Burns, John J. 1967. Marine Mammal Report. Vol. VIII, Annual
Project Segment Report, Federal Aid in Wildlife Restoration
Project. Alaska Dept. of ¥Fish and Game. 44 pages.

Analysis of the age composition of 353 male walrus taken at Savoonga
indicated an annual mortality rate of about 12 percent (maximum) for
year classes 14 through 28, and about 14 percent (maximum) for year
classes 14 through 33. Size of population is apparently continuing to
increase. Walrus observations are reported from Nushagak Bay (May)
Round Island in Bristol Bay (May-June), Big Diomede island and the
Punuk Islands (early December). Eighty percent of the walruses har-
vested were taken by the villages of Gambell, Savoonga, Diomede and
King Island. It is noted that some male walrus winter, singly or in
small herds, much further north than the main groups (occasionally
as far north as Lat. 700 in late February). Concentrations of animals
were moving through the Bering Strait from May 28 to July 4. Five
species of pinnipeds in the northern Bering Sea are discussed: ringed,
ribbon, bearded and harbor seals, and walrus. A map gives the dis-
tribution of these species in April-early May, and the distribution is
discussed as it corresponds to their different adaptations.

Burns, John J. 1970. Remarks on the distribution and natural history
of pagophilic pinnipeds in the Bering and Chukchi Seas. J.
Mammal. 51(3): 445-454.

Authorts abstract: “Five species of pagophilic (ice-loving) pinnipeds
live in the Bering and Chukchi seas: Odobenus rosmarus, Phoca (Puss)
hispida, Phoca (Histriophoca) fasciata, an ice -breeding population of
Phoca (Phoca)vitulina, and Erignathus bar batus. Breeding adults of
these species are mostly separated from each other during late winter
and early spring, when throughout the pupping and subsequent mating
periods, P. vitulina and P. fasciata occupy the edge -zone of the seasonal
pack ice, E. Bar _batus an—d O. rosmarus are mainly farther north within
the heavier pack ice, and P. hispida occupies areas of extensive land-
fast ice. This paper discus ses differences in body structure, ecological
adaptation, and behavior in relation to distribution of the five species.

Burns, John J. and Samuel J. Harbo, Jr. 1972. An aerial census of
ringed seals, northern coast of Alaska. Arctic 25(4): 279-290.



Flights were made to survey the land-fast ice from Point Lay to

Barter Island, from 8-15 June 1970, to establish baseline distribution
and density of ringed seals. The density of seals in sectors east of
Point Barrow was low and relatively uniform (2. 23, 1.06, 1.38 and 2.43
seals /mi®. ) Within sectors southwest of this point, density was sub-
stantially higher (5. 36 and 3. 70 seals/mi”). The minimum population
was e stimated atli, 612 animals. Areas of previous seismic oil
exploration within the survey area were compared to undisturbed por-
tions and no appreciable difference in ringed seal occurrence was

found. 4 figs., , 3 tables.

Burns, John J. and James E. Morrow. 1973. “The Alaskan arctic
marine mammeals and fisheries', paper given at the Fifth Inter-
national Congress of the Fondation Francaise D’'Etudes Nordiques,
called “Arctic Oil and Gas: Problems and Possibilities”, at
‘LeHavre, May 2-5, 1973. 22 pages.

Author discus ses fishes and marine mammals of the Chukchi Sea, the
arctic coast of Alaska and the northern Bering Sea with” respect to
offshore oil development. Toxicity of crude or refined oil to fishes is
known and extreme toxicity to eggs and larvae is noted. Oil spilled

in arctic waters will p’ersist, due tothe low temperature and slower
decomposition. Seismic exploration by several cliff erent concerns
often involves a succession of explosions in the same areas which
destroy fish. Epontic algae grows on the uncle r surface of the ice.
Accidental or chronic gradual discharge of oil would spread under the
ice, be trapped there for long periods of time, and either Kkill the algae
there or be incorporated into the food chain from there on up. The
same re suits can occur among benthic organisms when oil is deposited
on the bottom. The occurrence of all arctic marine mammals is

discussed.

Clarke, Robert. 1957: Migration of marine mammals. Nor sk Hval-
fangsttidende 46(1): 609-630.,

A general review of migrations of the large whales and of small numbers
of small cetaceans, fur seals, phocid seals, and walruses. Notes lack
of understanding of mechanisms of migration. 11 figs. , 76 refs.
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Fay, Francis H. 1974. The role of ice in the ecology of marine
mammals of the Bering Sea. In_D. W. Wood and E. J. Kelley
(Eds. ), “Oceanography of the Bering Sea”. Inst. of Marine
Sci. , U. of Alaska, Fairbanks. Pages 383-399.

Describes different kinds of ice; describes seasonal changes oiice and
corre spending movements of marine mammals. Lists 25 species of
marine mammals in 3 categories according to contact with ice. Good
detail. Good understanding of habitats. Insights into evolution are
discussed.

Fiscus, C. H. and W. M. Marquette. 1974. Report on Bowhead Whale
Studies in Alaska, 1974. National Marine Fisheries Service.
29 pages. (unpublished manuscript)

Whaling catch records and sighting data for Bowhead and B elukha at
various eskimo whaling camps along the coast of the Chukchi and
Beaufort Seas are discussed. Spring and fall sightings of all marine
mammals are also documented.

Foote, D. C. 1964. Observations of the Bowhead Whale at Point Hope,
Alaska. 78 pages (unpublished manuscript).

Describes the occurance and distribution of bowheads in relation to
the shore leads off Point Hope, and the frequency of age classes.

The author describes ocean currents, sea ice conditions, migration
routes and herd composition, calving and copulation as well as general
bowhead behavior.

Klinkhart, Edward. 1966. The Beluga Whale in Alaska. Vol. VII,
Project Report, Fed. Aid in Wildlife Restoration, Alaska Dept.
of Fish and Game. 11 pages.

A general article drawn from about 25 sources. Nearly all concentra-
tions of belugas occur in shallow bays or estuaries of large rivers
north of Lat. 40 “N (have been. seen up to 60 miles upstream from the
mouth of the Yukon River). Population in Bristol Bay, (which appears



to be resident throughout the year) is estimated, at 1, 000-1, 500.
Population in Cook inlet is estimated at 300-400. Populations
which winter in the Bering Sea may be those which summer in the
western Canadian arctic and eastern Siberian. arctic.

Nasu, Keiji. 1960. Oceanographic investigation in the Chukchi Sea
during the summer of 1958. Sci. Rpts. Whales Res. Inst. 15:
143-158.

Nineteen stations were occupied in the area between Point Hope and
the K olyuchin Gulf and southward to the Bering Strait, during 5 days
in August. Oceanographic data were presented. Marine productivity
appears to increase in the western part and decrease in the eastern
part. A map shows their sightings of gray whales, 2 right whales, a
fin whale, and an unidentified whale, and also shows some previous
sightings of gray whales in the Bering Sea. 11 figs.

Nasu, Keiji. 1963. Oceanography and whaling ground in the subarctic
region of the Pacific Ocean. Sci. Rpts. Whales Res. Inst.

17: 105-155.

Data was obtained by whaling factory and whale marking boats in the
North. Pacific Ocean and Bering and Chukchi Seas. Extensive oceano-

graphic data c ollected. Usual whaling grounds for blue, fin, humpback,
sei, and sperm whales are discussed. Areas north and south of Unalaska

are particularly productive for all species except perhaps blue. 51 figs.

Nishiwaki, Ma sahuru, 1966, Distribution and migration of marine
mammals in the North Pacific area. Eleventh Pacific Science
Congress, August 24, 1966.

Maps and short discus sions on pre sent knowledge of distribution of
each species of marine mammal (excluding polar bear) found in the
North Pacific, Bering Sea and waters ‘north of Bering Strait. Thirteen
pinnipeds, fifty-three cetaceans.
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Omura, Hideo. 1958. North Pacific Right Whale. Sci. Rpts. Whales
Res. Inst. 13: 1-52.

Reports data of two kinds: (1) the physical descriptions of 2 right whales
taken near Japan in 1956, and (2) collected right whale sightings from
the years 1925-34, 41, 48-57, in the coastal waters “of Japan and the
North Pacific. Black right whales appear in the Bering Sea in June

and stay all summer. Of all sightings, 68% were of single individuals.
Large st group seen was four. 8 plates, 27 figs. including 25 photos.

Cmura, Hideo, Seiji Ohsumi, Takahisa Nemoto, Keiji Nasua, and
Toshio Ka suya., 1969. Black Right Whales in the North Pacific.
Sci. Rpts. Whales Res, Inst. 21: 1-78.

Gives detailed anatomical descriptions of 13 black right whales, in-
cluding 2 previously reported by Omura, in 1958. Distribution is

shown in maps, by month from April to September, based on Japanese
whaling ship's records and Sleptsov's 1962 article. Extensive comments
made on movements in the Aleutian area, and Gulf of Alaska, and the
Bering Sea. 27 figs. , 18 plates.

Pike, Gordon C. 1962. Migration and feeding of the gray whale
(E schrichtius gibbosus). J. Fish. Res. Bd. Can. 19(5): 81.5-838.

Observations of gray whales from the coasts of British Columbia,
Washington and Alaska are combined with published accounts in an

effort to define the timing and route of the migration, and feeding areas
in the Bering and Chukchi Seas. Uncertainty remains as to the route
between British Columbia and the Bering Sea. Feeding observations,
particularly around St. Lawrence Island, are given. 4 figs. , 2 are maps.

Scammon, C. M. 1874. The Marine Mammals of the Northwe stern
Coast of North America, John H. Carmany and co. , San Francisco
and G. P. Putnam’s Sons, New York. 319 ‘pages.

The first major account of marine mammals in Alaska coupled with de-
tailed descriptions of each species encountered. The book is written



in three sections: |I. Cetacea, Il. Pinnipedia, and I1lIl. The American
Whale-fishery.

Wilke, Ford, and Clifford H. Fiscus, 1961. Gray whale observations.
J. Mammal. 42(1): 108-109.

Reports observations off Wa shington, off Kodiak and in the -Chukchi
Sea, Bering Sea and Gulf of Alaska. Includes thoughts on route of
migration. and observations of feeding.
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ANNUAL REPORT

. Summary
The objectives of this study are:

(1) To determine the number (by species, sex, and age) of
stranded marine mammals along a sample of the Alaskan Bering Sea
coast,

(2)Tb determine the pathological conditions and agents that
caused or contributed to the moribund condition or death of those
animals, and

(3) To determine the major causes of natural morbidity of certain
species of Bering Sea marine mammals through selective collection and
study of sick and moribund individuals.

Surveys in 1975 of somewhat more than 20 per cent of the Alaskan
coast of the Bering Sea-Bering Strait region yielded 223 relatively
fresh carcasses of whales, walruses, and seals, weighing some 675 tons
in all. Such carcasses provide a significant amount of food for
terrestrial and marine organisms that inhabit the coastal zone. As
such, they seem to be an important link in the feedback, not only of
nutrients and energy, but of pollutants and disease agents from the
marine to the terrestrial system. Their distribution is determined
in large part by both offshore and near-shore currents, relative to
the normal distribution of the living populations. A large proportion
that strands in close proximity to human settlements is the product

of current hunting practices, rather than of the health of the animal
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populations or of the system in which they reside.

Since marine mammals are top level consumers, to monitor their
health and welfare is to monitor that of the marine ecosystem itself.
Their very existence is finely tuned to certain dependable character-
istics of their environment, andtheir response is 1ikely to be swift
to any major perturbation or pollution of it, as well as to simple
physical disturbance of themselves. One sensitive measure of such
response is the rate of occurrence and condition of stranded moribund

and dead individuals.
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II. Introduction
A. General nature and scope of” study
This study is designed to provide baseline information on
the incidence and causes of pathological conditions in marine
mammal populations of the Bering Sea that will be useful in
evaluating future impacts of petroleum--related activities in
that region. Primary emphasis is placed on surveys of distribution
and numbers of beached carcasses of moribund and dead animals
and on necropsy of such specimens for determination of causes
of illness and death.

B. Specific objectifies

(1) to determine the number (by species, sex, and age) and location
of stranded marine mammals on selected segments of the Alaskan
Bering Sea coast,

(2) to determine the pathological conditions and agents thereof
that caused or contributed to the death-of those mammals,
and

(3) to determine the causes of natural morbidity in certain
species of Bering Sea marine mammals through selective
collection and examination of sick and moribund individuals.

¢. Relevance to problems of petroleum development

Marine mammals are the top level consumers in the Bering Sea
trophic system. On that account, to monitor their health and
welfare, including the incidence of diseases and other pathological

conditions, is to monitor the “health” of the marine ecosystem
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itself, since they are the ultimate recipients of allchanges
that take place within the system, from perturbation and pollution
to simple physical disturbance. Because they tend to be long-
lived, they provide a cumulative historical record of past
conditions, e.d. in their overall growth and the growth of
certain body parts, such as the tusks of walruses and the vibrissae
of scals and sea Tions, and in their stores of certain pollutants,
such &s heavy metals, pesticides, and mineral hydrocarbons. But
they are also responsive to short-term changes, in that their
nutrition and the nurture and survival of their young are finely
tuned to certain environmental requirements that are easily
disrupted by man-made changes in the system itself.
Current state of knowledge
At the inception of this project, there was very little published
information on either the rates of occurrence of moribund and dead
marine mammals or the cause-s thereof in any part of the Alaskan
0.C.S. area. Fragmentary reports of mass strandings of walruses

(Odobenus rosmarus) on St. Lawrence lIsland (Schilter, 1954) and

the nearby Punuk Islands (Murie, 1936) provided little reliable
data on the nature or causes of these incidents. In the first
case, from his examination in January 1952 of 17 of the 52 carcasses
(mostly adult females) that washed up in October 1951, and from the
reports of Eskimos who had examined some of the others, Schiller
(1954:209) concluded that they probably had been killed by “a great

and sudden external pressure,” possibly “by concussion resulting

SN



from an [underwriter] explosion.” However, the reported signs
(intestinal prolapse, free blood in the abdomen, and mutilated
appendages) could just as easily have been due to putrefactive
postmortem changes; rnone of the known diagnostic signs of implosive
damage (as described by Rausch, 1973) was recognized in the animals
examined. In the second case, Murie (1936), Collins (1940), and
Cahalane ((1947) reported that the flattened, hairless condition

of the multitudes of walrus carcasses found on the Punuk Island
was indicative of their having died from being crushed by the
weight of other walruses, stampeded perhaps by the threat of
preying killer whales iorginus;ggg). In this instance, also, the
reported signs were by no means diagnostic, for the carcasses were
not fresh and could easily have attained their condition through
long-term putrefaction.

Hanna (1920, 1923) reported on 8 walrus carcasses examined by
him on St. Matthew and the Pribilof islands, noting that “in each
case death had been caused by crushing of the body cavity” (1923:213).
Kenyon (1961) reported that two Cuvier's beaked whales (Ziphius
cavirostris) which stranded on Amchitka Island in the Aleutians
had been killed by rifle bullets. Jellison (1953) reported a

Stejneger's beaked whale (Mesoplodon stejnegeri) stranded on the

Pribilof Islands, and Moore (196°3) reported two others from the
Nushagak Peninsula and the Kasilof River, but no pathological
information was provided for any of these. There are several

other isolated records of occurrence of such unusual or rare
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specimens, but these have provided no real basis for oppreciation

of the normal sbundance cf carcesses of the more common spacies.
The best and most useful information on morbidity-mortality

rates and the causes thereof has lLeen obtained in connection with

intensive studies of the northern fur seal (Callorhinus w-sinus)

populations on the Pribilof Islands and of sea otier (Enhydra

Jutris) populations at Amchitka island. Of some 700,600 to 1,000,000
fur seal pups born each year on the Pribilofs, about 75 per cent
dies by age 5 years, mainly from natural causes (Roppell et al.,
1665). While predation by killer whales and sharks is certainly

an important factor in this mortality, its extent is unknown

(Baker et al., 1963). Other contributing factors are parasitisnm,

e.g. the stomach nematode Phocanema decipiens is known to cause

stomach ulcers and resulting peritonitis (Neiland, 1961) and nasal

mites (Orthohalarachne spp.) impair breathing through damage and

blocking of the nasal passages (Keyes, 1965; Dunlap et al., 1976),
and toxins, e.g. in September 1962 on St. George Island, some 275
seals of all ages and a few marine birds and arctic foxes were found
dead, apparently from having ingested mollusks containing lethal
doses of toxins, possibly derived from the dynoflagellate Gonyaulux
sp. or a related form (Keyes, 1965). Other conditions, e.g. renal
fibrosarcoma (Brown et al., 1975), and agents of disease, e.g.
Leptospira sp. (Smith et al., 1974), viruses of the psittacosis
group (Eddie et al., 1966), and vesicular exanthema viruses (Madden

et al., 1975), have been recognized, but their significance as
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causes of death is not yet understood, Themortalityofpupson
the rookeries has beenstudied in greatest detail. 0f the 40 to
120 thousand pups that die each year on the Pribilof rookeries
(Roppell et_al., 1965), the most frequent primary cause of death
is malnutrition (37.6%; Keyes, 1965), followed closely by trauma
(17.4%: Ibid. ), hookworm infections (12%: lbid.; Lyons, 1963;
Brown et al., 1974), bacterial invasion of open wounds (11%: Keyes,
1965), and gastrointestinal problems (4.6%: lbid.; Jellison and
Milner, 1958).

Kenyor (1969) has indicated that there is a substantial
mortality of sea otters in the Aleutian Islands in winter and
early spring and that this involves mainly the youngest age classes
and more often the males than the females. The ultimate cause
of death, in most cases, 1is malnutrition, which seems to be the
result most often of dental problems coupled with severa weather

as a deterrant to normal feeding. Gastrointestinal conditions,

associated with helminthic infestations (especially Phocanema

decipiens) and bacterial agents (Clostridium spp.) seem to be

common contributors. A liver disease of unknown etiology and
various other conditions occur infrequently and are probably
relatively unimportant. Predation seems not to be an important
cause of death,
Study Area

The basic study area is the coast of the eastern Bering Sea,

from the western end of the Alaska Peninsula to Bering Strait,
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including the islands, since the primary effect is directed toward
enuneration and examination of beached carcasses. This amounts
to some 2,800 miles of coastline, hence we elecled to sample about
20 per cent of it on an annual basis. The locations of the samp-
ling areas is shown in Fig. 1; these include most of the northern
side of the Alaska Peninsula and moest of St. Lawrence Island,
each of which was selected becauseof 1ts accessibility and known
productivity and its relationship to centers of abundance of
marine mammals and to major turret-its and eddies in the adjacent
sea. In addition, & sampling area north of Bering Strait was
selected for evaluation of the outflow of carcasses from tre
Bering Sea, Cther Lering Sea areas are serplec oppeviunistically
but rot on a regular bLasis,
V. Sources, kethods, and Rationele of Deia Collection

Data are ccllected cn an annual basis , abcut one month efter
the breakup of sea ice in the vicinity of the sampling ereas. Lata
from earlier and later surveys have indicated that this is the
optimal timing for obtaining near-maximal counts and for access
to the greatest number of specimens in relatively fresh condition.
For the Alaska Peninsula, this means late May to mid-June; for
St. Lawrence Island, late June to mid-July; and for the Bering
Strait area, early to late July. With allowance for weather,
about three weeks of work are required in each area.

Each area is worked by a 2-man survey team, including one

senior scientist and one technician. In the Alaska Peninsula and
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Bering Strait areas, the mode of trarspertation for the team is a
Supercub aircraft with extra-large bgiicon tires for beach landings;
on St. Lawrence Island, a combination of all-terrain vehicles

and small boats is utilized. In the areas covered via aircraft,

the survey s begun with a complete coverage of the sampling area
(preferably, ali in one day), noting the kinds of carcasses and
moribund animals and marking the locetion of each on suitably
large-scale serial charts. Thereafter, the team works cut from
various camps along the way, landing rear each carcass and examining
it In accordance with the procedures outlined in the established
manual for postmortem examination (Appendix I). At St. Lawrence
Istand, the modes of transportation necessitate that the survey

of numbers and locations is conducted simultaneously with the
examinations.

Materials collected during the examinations are transported
back to the home base (University of Alaska-Fairbanks) at the end
of the survey for processing, analysis and, as necessary, distribution
to various specialists for further analysis. These comprise (1)
photographs for” identification (mainly of cetaceans), (2) bones and
teeth for identification and age determination, (3) preserved
tissues for histopathological examination, and (4) microbiological
isolates.

VI. Results
Due to late approval and funding of this project in 1975,

the proposed field activities could not be fully scheduled and
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were, therefore, carried out much Tater and in a much shorter
period of time than was intended initially.Thus,whileeach

of the surveys was completed (albeit Tate), the examinations of
the carcasses were necessarily greatly abbreviated. The findings
were, hovever, sufficient to indicate clearly the kinds, numbers
and locations of carcasses and to provide excellent background
for planning a more effective program for the 1976 spring-summer
field season.

A.Alaska Peninsula

The northern coast of the Alaska Peninsula was surveyed
by Associate Investigator R. Dieterich via chartered aircraft,
from 22 to 25 July, 1975, covering the area from Bechevin Bay
(C. Krenitzin) on the west to the mouth of the Naknek River
on the east. Ten landings were made along the way for more
detailed examination and/or autopsy of the more intact carcasses.
Additionally in this area, 1in connection with another project,
the Pl surveyed the eastern shore of Kuskokwim Bay, between
Chagvan and Jacksmith Bays, on 15 and 20 July via aircraft,
and a smaller segment, from C. Pierce to the southeastern part
of C. Newenham, on 18 July, on foot.

The Alaska Peninsula survey covered about 754 km (406 mi )
of coast, on which were found the remains of 11 small gray

whales, Eschrichtius gibbosus, and 1 minke whale, Balaenoptera

acutorostrata), 17 adult walruses (Odobenus rosmarus), 12 young

and adult harbor seals (Phoca richardsi), and 3 adult sea otters
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(Enhydra lutris). About one-fourth of these vere old, dried,

and tattered remains, left from previous years; three-
fourths were judged to have stranded nc more than 3 months
prior to the survey. The degenerate condition of most of the
latter precluded useful autopsy.

The Kuskokwim Bay supplement, which amounted to about
103 km (64- mi), yielded no carcasses at all, and the C. Pierce -
C. HNewenham segment, of about 10.5 km (6.5 mi), yielded only
one fresh carcass of an adult male Steller's sea lion

(Eumetopias jubatus) and an assortment of much older remains

of walruses (2 adult, 2 subadult males), larga and harbor

seals (Phoca largha and P._richardsi, 2 adults), and 1 each

of gray and minke whales, 1killer whale (Qrcinus orca) and

1 Baird’s beaked whale (Berardius bairdi).

The distribution of these carcasses is shown in Fig. 2.
The major findings from examination of 10 of the carcasses on
the Alaska Peninsula are given in Table I.
B. St. Lawrence Island
The coast of St. Lawrence Island was surveyedby the Pl
and Biological Technician E. Knudtsen from 4 to 23 August,
1975. About one-third of the area was covered on foot and
one-third via chartered small boat. The outlying Punuk
Islands had been surveyed earlier (18-23 June) by technician
L. Shults in connection with another, related project.
About 267 km (166 mi} of the coast of St. Lawrence Island were

surveyed, yielding 37 whales (24 grays and 4 minkes, 4 bowheads,

10
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TABLE |

Major pathclogical findings in ten marine mamnal carcasses

necropsied on the Alaska Peninsula, July 1975.

Field
No. Species Findings Diagnosis
9701 Odobenus rosmarus Dry, too decomposed; bones intact; (Natural causes?)
probably not shot
9702 “ ! No evidence of bullet wounds same
9705 “ | As in 9701 same
9706 “ " As in 9702 same
9703 Phoca richardsi Badly decomposed; shot in head Died from bullet
9704 “ “ Shot in head; aspirated blood in Died from bullet;
lungs; heart, spleen, kidney normal; hepatitis may have
liver shows focal necrosis. contributed.
9710 “ " Spleen: Capsule thickened, much fibro-
blastic activity; many giant cells
' and phagocytes w/hemosiderin o )
Liver: Capsule thickened, much fibro- Peritonitis (primary),
blastic activity omphalitis, pulmonary
congestion
Lung: Vessels distended; congestion
of alveolar walls
Urachis: Moderate fibroblastic activity
9707 Enhydra lutris Stomach: Mucosal ulcerations with Gastric ulcers
monocytic infiltration (probably secondary,
; . stress-related), and
Uterus: Mucosal congestion, focal hemoendometri tis
hemorrhage, with abundant leukocytes (probably the primary
(PMN's) in surface exudate. i 1Iness)
9708 “ " Bones only (Unknown)
9709 “ I Spleen:. Engorged w/blood, extreme
hemosiderosis Probable hepatitis
Lung: Alveolar septa edematous; (primary) with secondary
bronchial exudate; vascular cuffing interstitial pneumonia

of arterioles

Liver:  (enlarged, rounded, probable
focal necrosis; sections not yet
examined)
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Balaena mysid. cetus, and 1 finback, Bslaenoptera physalus, and

4 unidentified), 3 Steller sea tions, 94 walruses, 4 harbor

seals, 4beaided seals (Erignathus barbatus), 20 ringed seals

(Phoca hispida), and 1 ribbon seal (Phoca fasciata). Three-

fourths of the whales, nearly half of the walruses and all
of the sea lions had stranded more than 8 months earlier; most
of the rest of the carcasses were judged to have stranded no
more than 3months prior to the survey. The cause of death
was determined in two whales, four walruses and thirteen
seals; the reminder had been excessively scavenged or was
too advanced in autolysis for diagnosis of cause of death.

The Punuk Island supplement yielded 61 additional
walruses, 7 of which had lain there for about 6 months and
the remainder for much longer. These tiny islands (total area
about 1/4 sq mi) are well known hauling grounds for walruses
during the southward migration in autumn, and a high natural
mortality is a predictable annual event here. As yet, there
has been little opportunity to determine the extent or the
causes of that mortality.

The distribution of carcasses in the St. Lawrence Island
area is shown in Fig. 3.

The major findings from examinations of those carcasses
are given in Table 1L

c. Bering Strait

The northwestern coast of the Seward Peninsula, from Cape

Prince of Wales to Cape Espenberg, was surveyed by Biological

182



TABLE 11
Major pathological findings in marine mammal carcasses
necropsied on St. Lawrence Island,

August 1975

16

Field
No. Speci es Mpj or findings Diagnosis

9020 Eschyichtius robustus Dead less than 48 hrs; tongue, Killed and eaten by
throoat, part of breast re- killer whales.
moved, severely lacerated.

Multiple, parallel lacerations
(tooth marks) about throat,
flippers, flukes and caudal
pedunkle.

2022 " Dead more than 1 month; lieadless; Killed and eaten
throat, .flippers, caudal pedunkle by killer whales.
severely lacerated, as in 9020.

9019  QOdoherus rosmarus Left tusk root w/draining abcess; Probable pulmonary
lungs ca. 95% hepatized w/much involvement from
necrosis; ca. 6 liters milky inhalation of
ascitic fluid w/curds in thorax; material from
pericardium greatly thickened, dental abcess.
adhered to lungs. Acute pneumonitis.

9027 ! " Skull fractured by bullet. Gunshot

9057 " " Skull fractured, parts missing. Probably gunshot

9095 ! " Skull shattered, hemorrhaged. Probably gunshot

9065  Erignathus barbatus Skull shattered, parts missing. Probably gunshot

9106  Phoca largha Skull shattered, parts missing. Probably gunshot

9017  Phoca hispida Moribund; hair matted; skin lesions Dermatomycosis

on hind flippers, perianal area.

Skin:  Invasion of epidermis &
sebaceous glands by filamentous
rods & spores; focal epidermal
necrosis, excess of sebum

Lymph node: Depletion of lymphoid
sinuses, proliferation of RE cells,
some hemorrhage; hemolytic
Streptococcus isolated.

jf"“

(probably primary) ,

lymphadenitis



TABLE 11

(Continued}

17

9036
9043
9064
9071
9099
9100
9103
9104
9107
9108
9109

Phoca hispida

Skull shattered, parts missing.

same

same

same

same

same

same

same

same

same

same

Probable gunshot
same
same
same
same
same
same
same
same
same

same

o2
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Technician L. Shults from 16 to 25 July, 1975, via chartered
aircraft. In addition, the inner parts of Kotzebue Sound
and its northern coast, from Sheshaiik to Point Hope, also
were surveyed. Several beach landings were made for closer
inspection and collection of diagnostic samples from some
of the carcasses.

These surveys covered a total of 740.4 km (458.9 mi),
of which about 235 km (146 mi) were in the principal sampling
area (Wales-Espenberg). The latier yielded counts of 7 gray
whales, 91 walruses, 1 bearded seal, and 12 ringed and larga
seals, each of which was relatively fresh (older material
from previous years was noted but not counted). Conversely,
the supplementary 505 km of inner and northern Kotzebue
Sound yielded only 3 walruses and 8 seals, more than half
of which were old, tattered remains from previous years.

The locations of the newer carcasses are shown in Fig. 4.

Three walruses, one bearded seal, and one ringed seal
were necropsied and found, in each case, to have died from
gunshot wounds.

D. Miscellaneous Laboratory Activities

A total of 113 photos for confirmation and/or identification
of the specimens sighted were processed. Some examples of
these are shown in Figs. 6 to 9. ldentification was by
comparison with known specimens in the University of Alaska
reference collection and with plates, photographs, and drawings

in various published references.

ry ey
rj U 4)



The largest series of teeth for age determination was
obtained from 50 of the walrus carcasses on the Punuk
Islands; 43 more were obtained from walruses on St. Lawrence
Island proper. Only 8 were obtained from the walruses in
other localities, where most of the carcasses were headless.
Teeth were obtained also from 2 seaz lions, 8 seals, and 3
sea otters; diagnostic bones (skull fragments, scapulas,
innominates) were obtained ‘rem most of the other seals.
Tooth sections (longitudinal) were cut on a jewelers saw and
the ages determined from numbers of cementum layers. Bones
were comparad with those from known-aged reference specimens.

Identification to species of mast of the fresher specimens
(less than 3 months in situ) in the field by experienced project
personnel was unequivocal. Confirmation of many of these
and certain identification of nearly all of the other carcasses
and fragmentary remains was achieved by the Pl from photographs
and/or collected bones. The only specinens that remain
unidentified to species are some of these sighted from aircraft
and not photographed or cliosely examined. The age information
gained from the walrus teeth is shown graphically in Fig. 10,
where it is compared wit-h two other reference samples. Most
of the other pinnipeds examined were very young animals,
in their first or second year of life, as were most of the

cetaceans. The sea otters were all old adults.

20
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Discussion

The data obtained on numbers and distribution of stranded carcasses
of marine mammals in the Bering Sea-Bering Strait area are the first
and only (to our knowledge) substantive data of their kind for the
“region. They Indicate that the rate of occurrence ¢f such material
is very high in certain areas and that the total for the region may
amouint to more than 1,000 individuals per year and contribute more
than 3,000 tons of high-grade protein to the coastal zone marine
and terrestrial systems. The ultimate fate of this material is
not certainly known and may not be difficult to quantify. In areas
such &s the Alaska Peninsula, various terrestrial scavengers (brown
bears, foxes, eagles) are known to consume large quantities of it,
if not most of it; in Bering Strait and the St. Lawrence Island area,
much of it is consumed by gulls, polar bears, arctic foxes, and man
(Eskimos). Thus, in all areas there seems to be a substantial transfer
of energy and nutrients from the marine to the terrestrial systenm,
as well as a contribution to the coastal and near-shore marine commun-
ities,

It is of some considerable interest that the carcasses found in
the course of the 1975 surveys were of species that occur commonly
in the nearby waters, and not of those that occur hundreds of miles
away, For example, all of the seals found in the Alaska Penisula

survey were of the local Phoca richardsi phenotype, rather than of

P. hispida or P. largha, which are centered 200 miles or more to the

northwest. Conversely, those at St. Lawrence Island were mainly of

-
~

—

Lamd

L2



22

. Mizhe
4200

24

\.
15 %9
15 N,

I a

- F

Al a
W Kilirosk
17 oe: 9 \ o~ "F"o,,lk
. hGiay \Bx o, F o070 "k 12
2 G0 vgol K., 207G T
CAPE KR({%&E.‘)‘STHRN’-{'
L10
: 9
15

7 6
c aCthiﬁ 1,
3

) H 9,
ghoveliey cur

]
CapeMeceir, 7

AN
2 /ob:nrt\y.n’,.
8
Py 4//
AL

1800 ::Harris Dow|
1650:3 Baldy Mt.

lsa 266575 Midnisht Mu 2044 sk Avean Furs
o
JsKongarok Mt. &
2787 3

SEWARD

Fig. 5.

Imuruk L.

PENINSULA

Locations of marine marmial carcosces in the Seward

Peninsula-Kot zebue Sound area, July 1975, Only those that

had stranded in the previous menth are shown; the distribution

of ol der remnins was similor.

Symbol ¢ are as in Fig. 2 .



~

Fige. 6. ‘alrus carcass thot had stranded about 2 months prior
) S a s - o N
to the surtvey on St. Lawrence Island (Field no. 9026, femesle, sge 7).
About 200 1b of meat and skin had been salvaged from it Dby locel

Bekimos; much of the limbs had been eaten by scavenging foxes.

fig. 7. +alrus carcnss that had stranded 1 to 2months prior

to the St. Lawrence Island survey (¥ield no. 9027, male, age 12).
Though 0f about the same "vintage' as that in Fig. 6, this specirents
skin was retire except for a holein the right shoulder and, therefore

appeared to be in fresher condiﬁ§%§. (The hole was not a bullet hole.)
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the latter two kinds and not of the richardsi kind. Similarly, no
fur seats were found in either area, though they occur (and die) in
enormous numbers only a “ew hundred miles away. lany ether cxamples
couldbe mentioned. The implication of this is that, whereas the
water currents and winds may he favorable for transporting such
care.fi~?es over great distances, the carcasses themszlves do not per-
sist Tong enough in the open sea to reach remote places.

The age composition of the walrus carcasses stranded on St.
Lawrence Island and in Kotzebue Sound ccmpared very favorably with
that of walruses taken In the subsistence harvest. This suggests
that most of the animals that stranded in those two localities were
products of the harvest, i.e. thet they were animals that had been
kilied or wounded by the subsistence hunters and not immediately
retrievable. Our inspections and autopsies also indicated that many
of them had indeed died from gunshot wounds. Conversely, the animals
stranded on the Alaska Peninsula and the Punuk Islands evidently
had died of natural causes, and the age composition of those samples
was strikingly different from that of the highly selective harvests.

Nearly all of the cetaceans found in the 1975 summer survey were

gray whales, Eschrichtius robustus. The gray whale population, which

has been recovering since the 1930°s from near extirpation, now numbers
about 11,000 animals and is believed to have reached its upper limit.
These animals reside en masse in the Bering and Chukchi seas from

June to October each year and apparently suffer a large part of their
annual mortality there. Our surveys and those contributed by personnel

i
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of other projects covered no more than 20 per cent of the shores of

that region and yielded 24 dead gray whales, suggesting that the

total mortality t.ere was on the order of at Teast 100 animals in

1975, or about 1 percent of the population. Conceivably, this

will increase somewhat over the next few years, &s the population

achieves stability.

VIII. Conclusions

A. The annual mortality of marine mammals that inhabit the outer
continental shelf of the Bering Sea is represented by a sub- ,
stantial number of carcasses that drift ashore there, each year.

B. Such carcasses provide a significant amount of nutritive material
to both terrestrial and marine organisms that inhabit the coastal
zone and, as such, could be an important link in the transfer of
marine contaminants (pollutants, disease agents) from sea to
land.

C. The distribution of those carcasses is probably determined largely
by both offshore and nearshore currents, relative to the normal
distribution of the living populations.

D. A large proportion of the carcasses, particularly of pinnipeds,
seems to be the product of subsistence hunting by local Eskimos
and, therefore, is more reflective of current hunting practices
than of the health of the animal populations and of the system
in which' hey reside.

IX. Needs for Further Study
The deposition of carcasses on the shores of the Bering Sea-Bering

<11
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Strait region is an annual event, subject to sowe variation as a
consequence of the influence of several natural phencmena. The find-
ings outlined in th2 preceding pages describe its basic characteristics
for only ore yecar. To obtzin sufficient data for predictive purposes
will certainly require several more years of data collection; a
conceivably minimum would be three consecutive years. t seems
reasonable to expect that at least a general view of the normal extent
of variation will be revealed in that time, whereas the assessment

of maximal variation might require continual monitoring over ten

years or more and i$ probably unnecessary at this time.

It has become apparent that the breakdown and utilization of the
carcasses by both terrestrial and marine scavengers is rather rapid,
and that they are moved about by the tides and surf considerably,
as well. Some study of this degradation and movement is called for,
in order to determine, at least in a general way, the fate of these
carcasses and their role in the coastal zone marine and terrestrial
systems.

Some aerial surveys of other parts of the Bering Sea coastal
zone for an expanded view of the kinds and quantities of carcasses
would be particularly useful for evaluation of the representativeness
of the present primary sampling areas. We have reason to suspect
that the St. Lawrence and Bering Strait areas, for example, are
unusually productive, relative to the Yukon-Kuskokwim area or Norton
Sound, and that long stretches of sandy or gravelly beaches are more

productive than precipitous or rocky coasts. However, some tests of
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these suspicions are required.
x. Summary of 4th quarter operations

A. Ship or labora tory activities

1. Ship or field trip schedule
a. 5 March - “1 May ZAGORIARE (Soviet sealer-TINRO
sponsorship)
b. 14 March - 25 April SURVEYOR (NOAA)
c. 25 May - 15 June Alaska Peninsula survey
d. 25 June - 15 July St. Lawrence Island survey
2. Scientific party
a. ZAGORIANE: PI and Howard Ferren (graduate student,
Institute of Marine Science, University of Alaska-Fairbanks)
b. SURVEYOR: Biological Technician L. Shults
c* Alaska Peninsula: Associate Investigator R. A. Dieterich
and Biological Technician L. Shults
d. St. Lawrence lIsland: Pl and technician to be designated
3. Methods
a. ZAGORIANE: Necropsy of selectively collected sick and
moribund walruses and seals, in conjunction with marine
mammal/ice observations (0.C.S.E.P. , R.U. #248) and joint
US-USSR 1investigations of the ecology and biology of
Bering Sea pinnipeds.
b. SURVEYOR: Selective collections and necropsy of sick
and moribund walruses; necropsy of other pathological

specimens as available, in coordination with other 0.C.S.

DS
-,
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projects.
c. Alaska Peninsula: Survey and necropsy of stranded marine
memmal carcass es.
d. St. Lawrence Island: Same as above.
4. Semple localities/ship or aircraft trackiines
a. & b. ZAGORIANE & SURVEYOR: ice front of southeastern
Bering Sea and Bristol Bay
C. & d, Alaska Peninsula & St. Lawrence Island: as shown in
Fig. 1
5. Data to be collected or analyzed
a. & b. ZAGORIANE & SURVEYOR  See Appendix l. Tissue
samples fcr histopathological study; helminthologica,
bacterial, and viral isolates; serum and blubber samples.
C. & d. Alaska Peninsula & St. Lawrence Island: As above,
plus survey data on numbers, locations, cause of

death of stranded carcasses.

2ls
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INTRCDUCTICY

Thore who have wulved, boaled, or [lown along the concts of Alaska
with on ere on the shoreline itzelf nre awsre that the quartity of

15 is prodirious, arounting to

trached curcasses of Jdead marine ma
hunireds or thoutands of tens annually. This sbundance of carcscses
ia reflective of the multitudes of laving ncals, seu lions, walruses,

rnd winles thot inhabit *he countal waters of Alanka, come propartion

of which diecs tech yeor from warious caures and ultimately washes

e. For many yeors, the curioud have proted lightly inte thic mass

1S
of curcasses, mainly for seuvenirs of bone or ivery: for ccns, the hungry
have depended on it an o nataral resource. But uatil very recently, tkere
wog 11%41e real interest in i%s couses or fn its relevanco to environmental
satters or populntion charzeieristicss Only nrow hes il become sccensible
for intenzive nludy.

This mannsl vas developed prizarily for use by wildlife velerinariang,

gome biologicts, and osuociated technicions engnged in an investipation of the

anturel farbidity and cortalily of roring zo 1s in the 3ering and

Cruvzhi seas, under the prosram of cuvironmental assesoment of the outer
continental chelf, Tt wos designed mninly for use in nceropay of beach
gent animuls and of sick end merivtund animols taken opecifically to provide’
further nsight into the normal enusea of illnens end denlhe  llowever,

this €375 nub in any woy restrict its usez, end we have endeavored in ilo

e

premoaradinn 4o utilive mology Ahat cin be uadrrotood Ly ihe layman

ne owell an by (hosia verned ia ecnotomical and veterinary scicences

The procedures ~utlired are tascd on the aseurption that the caresn

1o Le examined is very Tresh, and thet the circumstnnces under which

the nieropsy in to be performed nre neerly ideal. In realily, noze or,
rerhapa, &y of the sieps indiecnled will not be fexaihle, due ‘o the
condition of the carcars, ils locition, the time evailable, or the
Iimitations in facilities and manpower. In that cate, the investiseter(s)

will be obliged to judpge the prioriti

attendant cireumstances.

Ye do not regard this as a final, finished docurentae I8 will Ye

a

cubstontinlly vevised from time o time, a8 our experience and that of

other users grows. we would ensourace oll users o m:ke note of any

they drem appropriate end Lo rotify va of their

modificaticns

recemnendatiors. A1) comments ond eritizues will be welicemed.

GINNRAL CONSIDZRATIONS

Slothing & Tanineent

It rhould be dorne in mind alvays that any siciiy, moridund, or
dead animal rust be handled with caution, since i% is conceivable that
the cauzative agent of discane i6 a potential pathosen in man and his
domestic animals as well, For this reasen sicne, 1% is advisable to
wear ruitable protective clothing such zo rubber Lools, ¢overrlls or
spron, and rutber gloves when performing the examination and to disinfect,
boily or burn such clothing after use. Furthermore, the carcasses of
marine mameals are Seldox fouad in fresh condition, in which ceae ihe
wearing of protective apparel is not only adviseble as a safety precaution

but a3 a me

3 te protecting the outer clolhing from being noiled by

extremely oily, oderiferour materins) no well. Variouy kindes of di

glovea, aprons, and fool ¢overinma are available nad =ect convenicnt to

use in ficld situntions whare praper dicinfesticn in not fensivle,



A list of ihe supplies nnd equiprment necded for a thorough nacropsy

o

is provided in Aprendix Y, with indicntion nn to the mininal escential

Procedu=er

Felore tcginniné the astual nccropsy. the following points should
te concidered in grder ihat certain valuable samples will not be lost or
Sogtreved,

The importance of high quolity photographs of the épccimcﬂs for
gubsequent coﬁfirmation of spceies and sex and ovaluation of the
geaeral con&ition of thec careass cannot be overemphasized. Photos also
60f the patholegicnl conditions encountered may be of greal utility for
reference inter on. Blrek and white photos, preferably on low speed,
fino groincd film {s.g. Yofak Ponatomic-X) will be most uceful. ’ A resumé
of the pringipsl diarnonlic charncters of each spccies that is likely
to eceur in Aloskian waters ia given inAppondix I for wse in preliminary
identifications

If the animal  is &till alive or has just veen killed, it &s preferable
totuxea blood szrple immediately, ot the ocuiset. This can casily be

drawn with oyringe from the intervertelral venous sinus of pinnipeds,

of cctacuants Alternutively, tlood gushing freely from a wound or incision

can be crughtina sterile tube eor vial. Blood samples (pre ferehly 10 &l

r more) rhnuld be subjecied to minimal agitnatica and protected fiom freezing,

end chould Le allowed to sinnd ot room temnerature for 12 to 24 hours,
if rerus do Sesived. In that time, the cells will ceparate and clot,
rnd e clear romum can btie drawa or decanted off into o clean, tierile

cantuiner. Ceatrifugntion, if feasible, ond further deeealation to

exclude any remaining c¢olls is desiradle, The resulting serum samgple
should be stored celd or frozene If whole bdicod is desired, o sﬁitnble‘
anticensulant, such as E.D.T;A., should ve quickly mixed wiLh‘it‘in the
collrclion tube or syringe. Sodius flouride may be added to serunm or ’
whole blood to stop enzyumatic action, if glucose is to be assayed.
Tiscue samples preserved in 103 buffered formalin for later histo-
pothological preparation and study chould be kept cxall for optimal
fixation. In most cases, these necd be & no larger than about S5x5xiC

If the carcnss is fresh, its helminth piarasites probably will de

still alive and active. Such living materind. is best preopared by
ellowing the helminths to relax fully in tap waler ia a shallow dish ab
room tezperature for sboul an hour, then deesnting off most of the water,
ond instanlancously xilling and fixing them by‘pouving ia hat {ae% hoiling)

0% formalin. Ideally, after fixution, the nemrtodes and acanthoeczhola

ohould ke transferred to 707 ethyl aleohol for siorage, vhile ike zoate

o5
and tromatodes con be left in the same 4C% formnlin that they were fixed in.

Isolation of potontiai myeolopical, docterial, and viral azents of
disease should be attempted whenever feosible. In any but ihe freshost
carcasses, this usually will not be cffect ive, since the spread vo’ contazinants
inerences Oramnticelly with time after death.

Aseptic technicue is esaential for Yoth btacterial and viral icolates.
Instrunents should be sterile, and any orgon frem which a microtislogican
sawple ic Lo be token must be exposed carefully to epveid externnl centamination.
If there is some possibility that the surfoce of the affectedorgen
bag already been contaminsted, the area where the incision is to be smade
should first be seured with a hot sealpel Wode or (leas effectively)

avakbed with aleohole For Losterinl isolatos, dip a sterile swad izte



the incizzd, affected ared, then f{zmerse the rwnd in a cuitable tronsport Ae

medius (e.n, AnSes/DIFC0-09%0), meal the vinl, =nd store it in a cold )
(rot frozen) plrce. Alternatively, a omall block of the nffccted tinnue )
chould be reroved pseplieally nnd ploced in a sterile viol and refriperated,
rreferatly +ithout freening.

Tircue camples (2-F gm cnch) taken aseptically for potentinl virn} s
igolation chould be senled in a cterile vial or ampule and stored despe
frezen, preferrbly in liquid lNitrogen.

Yyeonlogical cnmples =ay be scraped from the affected organ (usuinlly
ekin) ond slored in a vial o= cellophane envelope, under refrigeration.

Brokea banes nre frequently encountercd in the course of on rutopuy
and cheuld b¢ noted. The presense or absence {reapectively) of hemorrhaze
ead {nflimsation of the nljoining tingues will usually indicate whether >
the fricture occurred baforc or nfter decth.

Sanll, finccr-iiznd holes in the %edy surface also arc commonly nresent.
These should not be autounaticnlly nasumed to be bullet holes, since they
are often produced after death, enpecially by scavenging gulls. ULiscect
and further exazine such holes to determine the kind and extent of tiscue i,
drmoge bansnth the surface belore dicgnosice.

A prelizinary, arrotaled 1454 of the kinds of pathologicnl npents

ond conditions likely to be cncountered in Alaskon marine mazmals ig

given in Ansendix Ill. R.

S

KECROPST FiCHDURE FCR SIA ORTURS AND PINNIPEDS
EXTRINAL EXAMIRATICN

T2entify STECIES aud 85X, at least teontalively. PHODNRAFE whole enrcass
ey

in dornnl and ventral view, to chow CCIOW PATIEIN, &t least one FORT FLIFTZIR,

Lhe HUAD, and the GEUITAL-PERTANAL rrea.

With the carcans on its bnck, ntrnishten the spine na zuch ag poszitle

(e.g. Yy grasping the kend and pulling, to straipkicn ke neel especiallyld.

Neagure the STANDARD LINGTH (tip of ncse %o tip of %oil flesh, in a straight
1ine) and GIRTH at tho axillse. I7 the carcass is too larse o roll or
straipaten, mensure [ts length as Lol you san »~nd note the mothed

cuployeda

Exnpine the BODY SURFACE, neting the condition ol the ZXIN and HAIR nad

the precence of any ECTOVARASITES. Ireacrve (in aleohel) nnd label rnoze

0f the latter and nele any vnusual arundance (photorrori) or ;rocs patholopical
. e

effects, Descrite cuy HOLES, LACERATICNS, or other LISICNS and any

bloody or other DILTHARGES fron eny orifices.

With the carcass on its boex, make an incinion about &4 to 5 cx loag

over ike siernuzm, midwoy botuwcen the axillae, cutting through the skin

and blubber, oad messurs the BLUTIER THICKERESS at that Foint.

INTELIAL ELANTNATICON

famove the ventral body wrll from chin to sasa, cutiing Lhroush the

coctal carlilages where they Ioin the ri

and lay L out (skin sida
dovnl nt ene aide nnoa work Lehle. In ke easc of large, ungrnageahle
carcasnien, the azing Llubbery snd external miseculature con be removed
in 50~ to 00-1b alabm, and the ritg enn he easily diparticulated cf sasn

"3
OUve
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3.

Exnmine blubber for WU

y nand PARASITES, noting presence rnd "
.

preserving  (in formalin) a sample of snoe. Excise a DLUBBEUR SAMPLE of

at least 50 gn (VY8 1bv) , wrap it securely in aluminum foil (non-lubricated

cor mereinl grade), labtel, rnd store cold, preferably frozen,

Examine Lhe MOUTH for any signs of FOOD ITEME, FOREIGN OBJIECTS, ARCHSIES,

VUAL DTS

or I Inepect the ecnterior naves and nnsophnrynx for

noting their obundance ond preserving {in alecohol) a sample

from cach area.

1f feasible, retain the SKULL and KANDIBLE for future reference and

2ge determination. Alternatively, ir animals other than walruses and 2.

hearded ceala, disurticulate and vemove the MARDIBIE and retain and label

at least half of it (with eanine tooth). In walrufes, knock out {(with

hamser or rock) one or twoe of tho largest lower teeth and petain and

Llakel some; in bearded teals, cut off, label,and retain the anterior

(maxillery-precozillary) part of the shull containing the unger canines.

Ezamine the theracic and abdominal viscera in siti, noting the color,

consisteney, and opproximate amount ~f any free FLUIDS and any nross

s ALEEZSIOCHS, DILCLORATICKS, or DLrORMITIES. 7.

1TLIChS

Temove the HEADT, LUNG3, nnd TRACHEA, bLegirning at the pharynx and

working buck {leaving the esophegus and disphragm in place), and dlay
them out on the removed body wall for inspection. Note COLOR and
WEITVENCY of lur-=i, palpading Lhem betwecrn thumb snd fingers to check

P

Incise those areasd, checking for PARASITES, ABCESGES, ]-0

T

K5, or TUZSECULAR LESICUS. Excire, preserve (in fermalin), and
label one or zmore samples from such aress, as well as frem the apporently
ror=al lung tiscue, “ith cclsrors, open the trachea ond bronehi to the

exteat possitle, noting any COUILSTION, 0253

STICHS, cr PARASITES, Drecerve’

(in formalin) and iavel samples of same.

Cpen - the pericardium and nole the ANOUNT and CCLOR of Duhl

Hxamine the surface of the henrt and nole any PALS ARDAS or IMORRUAGES.

Cautiounly oren the ventriclec and, if yponnitle, Qraw off »
with n clean syrinpe; bottle and lrbel zame and store cold or [rosea.
Cpen the ventricles and ntria further, noting the nature of the CLOT or

ito nbaence. Fxnsine the interior of the ventriclea for MHIA

(filoriid nematodes) wid, if present, rinne thea in water and yreserve

(in alcohol) and lalel them. Fowmowe 1l bloed clots, irim off ail major

PRy

vesselsy, and W2lGH the heort to the nearest grna,

Remove the liver and note any DISCOIORITIUNS, GRANULARITY of ihe

TOUNDED VARSINS of the lobesy and any LIVID or CYSTS within its sutatonce.

Vith a gharp knife, clice it in several places to examine

structure. Exciszc and nreserve (in for

in) samples of

25 'well 25 of the appsreatly normal tissue.

gall bledder

same (in formalin), Retain & 50 p= (V8 1e)

and store ("whirl-tak'") frozea.

. o - v BEMORRIIAGE, ADION
u 4]
Remove the spleen and examine {for BEMORRHAGES and other DISCGLOEATIONS.

L

Falpate for LUHPS or CYUTS. Trim off excess tissues and WoISH it or

1o s

reasure its overall LENGTH nand greatest WIDTH. Siiece it in scveral

places Yo exomine its internnl structure,

Zxeise, preserve, ond ladel

samplies of any nbnormalitice, as well as of the normal ticosue,

Remove ihe esophngus and ctomach tosethes, seporsting the ztom-ch from

the intestine st ihe pylorus. Ianspect &l surfaces, noting any WCRREAGLIS

or ULCERATICNS. With heavy seisnors or sharp knife, open the ernophagus

ond slomachy noting conlenis and any obrormnlities ol the intarnel

cur facesy oa well as lhe preasence of K



12.

13

1k,

{in formalin) a sample of the latter, £s well as of any abnormal ticsues.

-~

Separate the pancreas fren the small gut and examine 44 for LIS wnd

LISCOLLRATITHS. 211 sciszers, open asome of the pazercatic ducts

Ty

and gezrch for [EININTEH

(41

« Freserve and label cane,

Rermove the c.tire large and small intestines. If the specimenis fresh, tear or’

cut the mescntery between the loops to allow the intestine to strctch out, then
separate the small from the larpe intestine by cutting at the iliocaccal junetion.
Open about 10 feet at a time of the small gut in a plastic dishpan of water,
removing FARASITES as they are exposed to view. Then scrape the musosa and other
parasites into the water (by pulling the opencd gut between thumd and fercfinger),
from which they can iateT be decanted and preserved. Do the same with the caccum
ard with the large Intestine but into separate containers. After cleaning,

cheek the intestinal walls for LESIONS or HAEMCRRHAGES, and preserve (in

formalin) wamples of'same. Note opprovimote nucbers of INTHS and

srecerve (in forriidn) o sugple of coch nind,

erx3 ard strip the capsule from them, noting the precence of
ony ADBNSICHD, AUTESING, or NALVORUIAGLS.  Slice in hnlf and cxnmine interanl

LRS and

structure, csiyccially for CYSTS, STONGS, or TRFARCTS. Cpen U
BLANDIR and note conditlon of lining., Inspect for possible PARASITES in
the bladder. Txeise ond preserve (formalin) any abnormalities, as well

as a shmple of he normal tinstie,  lole color of UHINE.,

Femove the entire reoproductive trnel of the female and, with a charp ¥nife

r heavy geirnors, ojen it from va to oviducis, noling the prevence

wnd slzn of tny TUT 310 «nd amy TUNORS, AUCILASES, or exccunive

erounts of NUTCUD or other FIUILS, lote grontest WIDTH ond CCLOR of uny

placentel cecarse. Femove oad preserve (formalin) both CV/RIRS. Examin

preserving any abuormalities,

Yeanmurs the

the male reproductive tract by palpation and incisien, noiing nnd

of the tesies, :ad

retain the BASULGH for npge Ceoterminntion, 1f no tceth are availible.



2.

NECROVST PROCEDURE FOR WHALSS, DOLPHINS, AND PCRPOISES

-

s pee ey
SPRITIVHEX §

£,

Jdentify SIRCIZD anid 83X, ot lecst tentatively. PROZCGRAFH at least one
overall wiew of the enrcass to ghow the COIOR PATTERN, the DORGAL FIN (if ary),
and ot lcast eno FLUTER. Additional photea of the HEAD to show its PHOPILE,

g

position of the BYE, and any T

OAT GRCOVES, nnd of
estpems_sens .

the nhduymen Yo shew the GRNITC-PERIANAL area, and the FLURES, could be very

vselul for ideatiflicotion.

Yeagure the STANDARD LENGTH, from tip of snout to fork of tail, in a straight
line, noting the cethod exployed if it is not feasible to straighten the spines

Yote the NUVBIR and maxinsl LIMGTH of the THROAT GRTCVES or folds.

Examine the surface of the body, head, and appendages, noting the location

of any ECTCPARNSTEIS and preserving (inm alcohol) a rample of same. Deueribe

nny SSA2S and sny Bioady or other DISCHAMGUS from sny orificen. linte any

LESICHS nnd preserve (in formalin) romples of rame. -

Kore rn dncisfon threugh the rkin and blubber about nidway along the side
5 to the nearest millimeer. (The incision

distortiion, but its size will denead on the

]
[
*
s
™
©
o
3
=
o
&
1]
‘l
<

Then slash through the
exin and blubber in several placesy noting the presence of any IRENGRAHAGES,

CI5T3, ond PLEASITZ LARVAS and preserving (in formolin) sarples of same.

Ezcdne a ELURIOR CANDLE of about 50 gm (VB 1b), wrap it cecuraly in aluminunm

foil (aca-lubricuied sommercisl prade), lubel, and store cold, prefe ruhly

frozoen.

Te

Ecamine the blowhole(s) and dissoct open the NASAL AIR SACS, noiing the
presence of any FLUIDS, CBSTRUCTIONS, cor PARASITES, Proserve a sample of

sane,

Note the NUMEER and IOCATION of any TEITH, or if i! 45 a daleen whale, the
LENGTH, WIIMil, ond COLOR of the BAIEEN PLATES. Resmeve, labox, and reiain

one or two tecth or baleen plates for aspe determinntion.
INTBHIAL BAMINATION

Resove the ventral bedy wall (or lateral, if necessary) from throat to vicinity-
of the anus, by cutting sway the skin and blubber £irst, then the muscle layers
beneath., Some or all of the ribs may nced %o be disariicuisted in thils
rrocess, especially if the whale is very large and resting on its tellr.

Iay one or more of the slabs of skin and Blutber to one side for a2 work surfaze.

Disnrticulate the exponed half of the lower jaw, and lay it acide, tazing core
ta avoid damnge to thc auditory canal and middle ear. Examire the ianer eurfaces
Q.

the mouth nnd tongue, neling any DINTAL DISEASE, LISISHS, or TUNCRS

of the mouth, tongue, and pharynx, noting any DENTAL DIST

TUYORS, and

other LEIIONS or SLARS.

In a haleen whale, caxefully dissect oul the AUDITGIY CALAL, mmove 4h
WX PLUS from ihe iympanic end {rear the bulia), and £ix it in 107 formalin
(or pack 1% gently into a ricid contelusy for transpoxt %0 the laboratoxy,

tnen fix in fozmalin), In a lagze whale, the plug moy b0 up 10 5 or § inches

in length and 1 Lo 2 inclegs in diaveter.

Resmove the DULLA and opan the NINILY EAR, nating the presesce of aay

CDih.  Proserva romn,



7e

S nad PALATAL ATR & and note any PARAST

Oy the FUAAI0I0 ST

Su3.  Frecerve pies of wate.

If the speeiren is fresh, eever the hend {rom the body, watching for
NDVATOSIS in the vicinity of the apinal caanl, FPreserve gome. Cpen the
cronfum (with axe eor chain naw) by rcemoving tho occipitnl boncs, ond examine

the eurfnce of the brain, notins any LESICNS. 5ice the brain in several

Yaens and preserve (in fermalin) mamples, especinlly fron any lesions

encourtered, Vate: closely fer sny LUIMINTES and preserve utime.
40-
™uraing 0 ile thorex, cxamine the lungs, noting COLOR and CORSIGTENCY
and tny < LATICH of the pleurac. Falpate fer FIGH
YNOLULIS, dncizing them to cheek for PARASITES, ANCEGSIS, or TURIRIY
LESICHS, Preserve cansle some (in formalin). Open the trachen
bronchi, notins rny FAMASITLS, CONGELTICH, or CUSTIUCTIONS.
e

i ny

Cren the pericardium and notse the ANOULY and COLOR of PalICARLIAL ILUTD,

Txoming the surface of the hewrt and note ary PALS ARIAS or HENORRUIAGHS.

msenas

Crutiounly open the veniricles sad, if possille, draw off o SHRUN SAMMIE
with a clcan syringe; bottle and label same and clore cold or frozen.

Cpen the ventricles and ziris further, noting tha nature of the CLLT or

it choense. Beamine the interior of the veniriclies for HIANTLOWS
2.

(filarii6 neuatodes) and, if-preseni, ringe thea in water ond preserve

(in alcokol) and label then.

Remove Lhe liver nad note ony DISCOLORATIONS, GRINULAG

W3S of the Iebes, and any TWDS

atruclure. Fxcise rny ernorzalitics,

cweld) as of the appareatly rormal tissae. With scisvors, opea the

crmeage

gell bladder and mnjar blie ducty Lo cearch for HZWIAIMTHNL. Presorve

gara (in formalin). Befain o 50 g (VB 1v) sample of the iver, latel,

1-p2%") frozer.

and atore (“wh

Remove the spleen and examine for HEWORXIAGES and olther DISCOLLCIATICONS.

Palpate for LUAPS or CYST3. Trim off excess 4iscues and W2IGH 1Y or

measure 1ts overall LIGTHE and greatest WIDTH.

places to excomine its dnler Zrcize, preserve, and ledel

2al tissue.

e |

gunples of ony abmormalities, zs woll as of the ne

Remove the esopharun and ulenach together, separating the stomach Irea

et all surfaces, na2ting oy L0

Ltha Sntenline at the pylosus.
or ULCKRATICNS. VWith heavy selcsors or gharp knife, epea the ccophagus
and gloazch, noting contento and any gimormnlities of thwe internz

turfoees, a5 well os the presence of HILMIKTIUS. Fetsin rnd preserve

(in formalin) a sample of the latier, 2s well as of eny abnormal tismies.

Separale the pracreas fres the small gut end examine it for LUNPS znd

DIZCOIORATIONS. VWith smell seissors, open sone of the pancrestic ducts

ond senrch for HBUININTHS., Prensrve and lubel pame,
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13« Recove the entire larze znd smell intestines. I the opecimen is fresh, icor or

cut the meseatery between the loops  to allew the intestine to stretch out, then

separate the saall from the large intestine by cutting at the ilioeaecal junction

Open about 10 feet 2t a time of the »mall gut in a plastic dishpan of water

removing PARASITES 35 they acre oxpesed to view. Then scrape the mucosa and other

parasites into the water (by pulling the opened gut between thumb snd forefinger)

from which they can later be decaznted and presctved. Do the same with the caccun

and with the ‘large intestine but into scparate containers. After cleaning,

check

the intestinzl walls for LESIONS or DAEM RREAGESy and precorve (in

formalin) comples of same. liote approximate nuabers of HEMMINDUG

preserve (dn ferzalin) a ssmple of cach kind.

44. Txomine the kidasys aad strip the capsule froa them, noting th

presence of any ALCISSHS or HALMORRHAGES.  Slice in half and examine internal

structure, esnccially for CYSTS, STONES, or INFARCTS. Open URDTERS and

BLADDZR and note cordition of lining. Inspect for possible PARASITES in

the bladder. Zucise ond preserve (Yormalin) any abnormalities, as well

25 a gample of ihe normal tissyue. Mote color of URTIE.

45. Remove e entin eproductive tract of fhe female and, with a sharp 4nife
or hcavy scissows, onon it £

“rom vulva to oviducts, noling the presence

ond size of mny FUETUS or TUBRYO ond any TWORS, Al

358, or rxcessive

other FLUIDS., MNote greatest WInMH and CULOM of any

Flocentul teorc.

famove ond preserve (formelin) boin OVARIHS. Examine

the repreodistive trast of the onle by polpation and incicion. annure
the length of the testes

A

3

B3

*

SUCOLSTED LIST OF ECUILY

(starreé items are moat essen

Axe

Chain suw

Lone saw

Kuife, 10" hlade, peinted
Knife, 6" blade, boping

Knife, flensing, w/l~fi handle
Meat hock, w/ atiached 6-7t line
Scissors, heavy duty

Scisgors, 6, one point rounded
Scalpel handle, laurge

Sealpel Ylades, oterile

se—toothed

Foreepsn, O" m

Forceps,
Seole, spring, 25 1b
Tape mepsure, 5 {t minimum

Plastic rulery 15 cm

Bloud tuhes, 10 @l

Vinlg, 2 dr

Vinla, 10 ml

Botiles, pint

Whirl-pats, small & medium

g, acuoried cizes

fcnted,

© AT SUPTLIES FOR RECROPSY

tial)

k-4

Freczer tape

s Parchment taga ofc latels

Paper towels

¥ RBuffered forzalin
w  7C% alcohel

W  Felt-tip catke:

@, Datn rhecls

Ficld potedook

Camera
% Blaek & white film
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APPENDIX 111

SCLE RNCWH AND POTENTIAL PATHOLOGICAL COWDIPIONS IN MARINE MAMMALS

IH ALASKAS WATERS

Agnociated Kinds of Marine
Condition Arent{a) Nosmais Alfected
Inflarsntory Reactlions:
Dento-alveolar abeess (?) Sea otter, pinnipeds, toothed
vhales
irritation of pasal Kasal mites Sea otter, pinnipeds
zuc0sa
Tonsilitis (?) Any
Sutzeningeal kemorrhapn, Helminths Vhaoles
focul necrosis
Dermatitis Ectoparasites, Fungi Any
Vesieular exanthema Virus Gray whale, otariids
Pox Virug Pinnipeds
Mugculer inflammation  lelmin ths, Bacteria, Any
Eroken bones
Focel necroais of Helzinths , Backeria Any
=uscles, blubber
Kyocardi2) infarct Helminths ‘Whales, pinnipeds
Prcumsnia, tracheitis, Helminths, Bacteria, Any
bronchitis, rulmonary Inhalution of foreign
granulicza, hepstization materials
tion and fitr Eelminths “hoales
of cubpleural paren
;
Gasirie leciens, uleers, Helninths Any
cyoin
Helminths, Bacteria Any
Eelminths Any
H#elmintho, Hacteria Any

Crteoorthritis

(?) Any

Neoplausan

Fidbroma, papilloma of ()
ekin, tongue

Keurofibroma, ganglioneuroma, (2)
basal lipema
23

Hemengioma (liver) (?:
Fibrosarcoma {kidney) (7}
MBolignant granuloma (72
(2ymzh nodes)

Fibromyumata of uterus (?)

Bucinous cystadenoma (ovary) (%)

Trouma
Lanmprey scars (eircular) Lampreys
Mandibular frasture ]
Bullet holes " Man
Crushing Other,larger
pinnipeds
Lacerotions Predators,conspecifics
Other
Asphyzia Nasal mites,
corispecifics
Efarvntion Food secarcity, gut

obstruction, dental

deficiencies
Congenital deformities
Arteriosclerosis (?7)
Athorosclerosis (7}
Non-inflacmatory hepatic (2)

focol necrocis, siderocis

Portal ond caval thrombi Helminths

Whales*

Whales®

theles

vhales, pinnipeds

Ay

Toung pinniveds

Any

Pinnipeds, Sea otter

Any

Any
whale s*
¥hales®

¥haleo®

Wholes®




Fremature birth Virus Pinnipeds®

Herorrhnpie wnoria Helminths (gut) Pinnireds*
w2lled pbeecses (in () Whalec*
muzeles, liver, abdozinal

covity

*Reperted orly f{rom this group but conceivably could owcur in

ne
2
v

-l

others.
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Honth Year PATHOLOCY REPORT
e SexX BK21___ Male
BK1-12 BKG7-78 Species ID# _ - BK23 _ Temale
I BLO-C PL10-19 BL20-29 BL30-39 BLA0~49 BL50-59 1.}1.60-69
- =B ou __Order  TFowilyr  Ceuus Speci ¢s  Subspec . Location
] : AGE DIAGNQSTIC PR OCEDURES,
BK 26 Unknown BX 57 Cl inical Diagnosis
{27 ____ 0O-less than 1 day BK 58 Gross Pat hol ogy
{28 __ -1 day-less than 1 week BK 59 Histopat hology
BK 2¢ 1 week~less than 2 weeks BK 60 " Tematolozy-Serology
§C 30 2 weeks-less than 1 month BK 61 Microbiology
<31 !l mo.-less than 2 months BX 62 " Biochemistry
BK 32 2 mo.-less than 3 months BK 63__  Parasitology
gl 3! 3 mo.-less than 6 months BIL 79 Photo-Gross
!{( 34 ____ 6 mo.-less than 9 months BX 80 ~ Photo-itlicro
K 35 _ 9 mo.-less than 1 year
K 36 1 yr.-less than 1 1/2 years
* 37 1 1/2 years~less than 2 yrs. Experiment no.
X 38 2 years-less than 3 yrs.
BK 38 3 ycars—-and over '
DI AGNOSTI C TISSUE DI AGNOSTI C TISSUL
!{ CATEGORY SAVED CATEGORY SAVED
81 Skin-Pelage Sys. Bk40 __ BK 89 Nervous Sys. BK 48
BK 82 ~Musculo-Skel. Sys. BK41 __~ BK 90 ~ Organsof Spec. Sense BK 49 _ —
t 83  ~ Respiratory Sys. BK 42 BK 91 " Body as a Whole BK 50
. 84 ~ Cardiovascular Sys. BK 43 ~ BK 92 =~ Viral. Ricket./PPLO Dis. BK 51 "
BK 85 ~ Hemo./Lymph. Sys. BK 44 ~ BK 93 ~ Bacterial Diseases BK 52
86 ___ Digestive Sys. BK45 — BK 94 Fungal/iycotic Dis. BK 53 ~
E .87 Urogenital Sys. BK 46 ___ BK 95 = Parasitism BK 54 —
BK 88 ~ Endocrine Sys. BK 47 BK 96___ Neoplasms BK 55 ~
‘l!ST(RY ;
§oss Lesians

HISTOPATHOLOGIC LXAMINATION:

IAGNOSIS: CODE:

’
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0CS COORDINATION OFFICE
University of Alaska

ENVIRONMENTAL DATA sunMISSIoN SCHEDULE

DATE: Harch 3i, 1976
CONTRACT RUMBER: 03-5-022-56 T/ O muUMBER: 8 R.U. NUMBER: 194
PRINCII'AL | NVESTIGATOR. Dr. TF. H Fay

Subm ssion dates are estinmated only and will be updated, if

necessary, each quarter. Data batches refer to date as ident-
ified in the data management plan.

Cruise/Field Operation Col | ection Dates Estimated Submission Dates!
From To B Batch 1 __

Alaska Peninsul a 7/23/75  7/24/75  4/20/76

Kotzebue Sound 7117175 7/20/75 4/20/76

Kotzebue Sound 7/22/75  7/24/75 4/20/76

St. Lawrence Is. 8/8/75 8/22/75 4/20/76

Note: 1 Data Management Plan has been approved by M. Pelto; we

await approval by the Contract Officer and recei pt and
approval by all parties of the necessary Data Format.



DATE
CONTRACT NUMBER:

TASK ORDER NUMBER:

PRIRCIPAL INVESTIGATCR:

OCS COCRDI NATI ON OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

March 31, 1976
03-5-022-56
8

Dr. Francis H TFay

Period April 1, 1975 - March 31, 1976* (12 nos)

Sal aries & Wages
Staff Benefits
Equi pnent
Travel
Qt her
Total Direct
I ndi rect

Task Order Total

Tot al_pudget Expended
39, 586. 00 19, 780. 66
6, 700. 00 3,362. 71
-0- -0~
6, 000. 00 6, 406. 67
16, 300. 00 3, 863. 20
68, 586. 00 33,413. 24
22, 643. 00 11,314.564
91, 229. 00 44,727.78

* Prelimnary cost data, not yet fully processed.
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19, 805. 34
3,337.29
o

(406. 67)
12, 436. 80
35,172.76
11, 328. 46
46, 501. 22



Following is part 2 of the quarterly report R.U.# 194 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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OCS COORDI NATI ON OFFI CE JAN 19 1976

University of Alaska NE GOA

Quarterly Report for Quarter Ending December 31,1975

Project Title: Morbidity and Mortality of Marine LA
Mammals _ {r\,‘ér

Contract Number: 03-5-022-56 .| :l-('{._\}“

Task Order Number: 8

Principal Investigator: Dr. Francis H. Fay

1. Task Objectives

A.

B.

To complete the processing of materials collected from
specimens examined during the 1975 summer surveys.

To examine any mass strandings of marine mammals during
autumn 1975, or, in lieu of that, to undertake aerial
surveys “of autumn strandings in the summer sampling areas.
To continue the literature survey and devel opnent of the
autopsy manual .

Field and Laboratory Activities

A

Field Trip Schedul e

No field trips were scheduled for this quarter, other than
in response to reports fromfield contacts inCold Bay,
King Salmon, Gambell, Savoonga, and Kotzebue of major
autumn strandings in their areas. All such reports received
were negative. Aerial surveys, tentatively scheduled for
early to md Novenber, were al SO cancelled for lack of
aircraft and because earlier than usual icing conditions
along the coast precluded useful observations. Aerial survey
data were obtained or have been solicited from other in-
vestigators who were surveying for other’ purposes in sone

of the sanpling areas.

Laboratory Activities

Materials obtained from the carcasses exam ned in the 1975
sumrer surveys were processed and anal yzed. These conprised
(1) photographs for identification (minly of cetaceans),

(2) bones and teeth for identification and age determnation,
(3) preserved tissues for histopathological exam nation, and
(4) bacterial isolates.

Methods

A total of 113 photos for confirmation andfer identification
of the specimens examined were processed. Some exanples of

o
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these are shown in Figs. 1 to 4. ldentification was by
comparison with known specimens in the University of
Alaska reference collection and with plates, photographs,
and drawings in various published references.

The largest series of teeth for age determ nation was
obtained from50 of the walrus carcasses on th'e Punuk

I sl ands; 43 nore were obtained fromwal ruses on St
Lawrence. Island proper. Only 8 were obtained from the
wal ruses in other localities, where nost of the carcasses
were headless. Teeth were obtained also from2 sea |ions,
8 seals, and 3 sea otters; diagnostic bones (skul
fragments, scapulas, innomnates) were obtained from nost
of the other seals. Tooth sections (longitudinal) were
cut on a jewelers saw and the ages determned from nunbers
of cementum |ayers. Bones were conpared with those from
known- aged reference specinens.

Ti ssues for histopathological exami nation that had been
preserved in 10 per cent formalin in the field were de-
hydrated in ethanol, enbedded in paraffin, sectioned on a
rotary microtome, stained in hematoxylineosin, munted in
Permount, and studi ed under a conpound m croscope. A
few sections fromone case were stained with Gomori's
stain, specific for fungal agents.

In two cases where bacterial agents were suspected to be
present, attenpts were made, using sterile technique, to
collect the agent for subsequent isolation in the |aboratory.
In the field, the affected organ was incised, swabbed, and
the swabs stored in Amies bacterial transport nedium  The
sanpl es were stored at 4° to B C whenever possible and |ater
forwarded to the State/ Federal veterinary |aboratory at
Palmer, Al aska for isolation.

Resul t s

“Identification to species of nobst of the fresher specimens (Iess
than 3 nonths in situ) in the field by experienced project per-
sonnel was unequivocal. Confirmation of many of these and
certain identification Of nearly all of the other carcasses and
fragnentary remains was achieved by the PI from photographs
and/or collected bones. The only specimens that renmain uniden-
tified to species are sonme of those sighted fromaircraft and not
phot ographed or exanmi ned.

The age information gained fromthe walrus teeth is shown graphi-
cally in Fig. 5, where it is conpared with two other reference
sanples. Mt of the other pinnipeds exanm ned were very young
animals, in their first or second year of life, as were nost of
the cetaceans. The sea otters were all old adults.

Di agnosti ¢ histopathological materials from five speci mens were
studied by R Dieterich with the followi ng results:

-
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Field
No.

Speci es

Maj or Fi ndi ngs

9704

9707

9709

9710

9017

Phoca richardsi

Enhydra lutris

Enhydra lutris

Phoca richardsi

Phoca hi spi da

Liver: Focal necrosis

Stomach: Mucosal ul cerations
monocytic infiltration

Uterus: Mucosal congestion,
focal henorrhage, with
abundant | eukocytes (PMu's)
in surface exudate.

Spl een:  Engorged w bl ood
extreme henosi derosi s

Lung: Alveolar septa edematous;
bronchi al exudate; vascul ar
cuffing of arterioles

Liver:  (enlarged, rounded
probabl e focal necrosis;
sections not yet exan ned)

Spleen:  Capsul e thickened, nuch
fibroblastic activity; many
giant cells and phagocytes w/
herosi derin

Liver: Capsul e thickened, much
fibroblastic activity

Lung: Vessel s distended; con-
gestion of alveolar walls

Urachis: Mderate fibro-
blastic activity

Skin:  Invasion of epiderms &

sebaceous gl ands by filamentous

rods & spores; focal epidernmal
necrosis, excess of sebum

Lynph node:  Depletion of
lymphoid sinuses, prolifera-
tion of RE cells, some
henor r hage

>
oo
<

Di agnosi s

Hepatitis

Gastric ulcers
(probably secondary,
stress-related), and
henmoendonetritis
(probably the primry
i Il ness)

Probabl e hepatitis
(primary) with’secondary
interstitial pneunonia

Peritonitis (primary),
omphalitis, pul nonary
congestion

Dermatomycosis
(probably prinary),
lymphadenitis



A beta hemolytic Streptococcus was isolated fromthe |ynph node
of specimen No. 9017. No pathogens were isolated fromthe other
speci nens.

More t han 250 publications on marine manmal pathol ogy and
parasitol ogy, relevant to the marine mammals of the Bering Sea
and northern North Pacific Ccean have been acquired and cata-
| oged. Preparation of an annotated bibliography of these wll
begin in the next quarter.

A second draft of the field identification and dissection manual
for Bering Sea narine mammals is in preparation.

Preliminary Interpretation of Results

e age compesiitiion of the walrus carcasses stranded on St.

 Lawrence Ilsdlamdd aand in Kotzebue Sound conpares very favorably

with thatt of walliuses taken in the subsistence harvest. This
suggestsst bAatmass of the animals that stranded in those two
locallities were #ainly products of the harvest, i.e., that they
were amiimalls tthate “had been killed or wounded by the subsistence
hunters amd mett iimmediately retrievable. Qur inspections and
,autopsiies allse indicated that many of them had indeed died From
gunshot wounds. Conversely, the animals stranded on the Al aska
Peni nsul a and the Punuk Islands evidently had died of natural
causes, and the age conposition of those sanples is rather
strikingly different, suggesting a nore representative cross-
section of the. population than is taken in the highly selective
harvests. Nearly all of the cetaceans found in the 1975 sumrer
survey were gray whal es, Eschrichtius robustus. The gray whale
popul ation, which has been recovering since the 19301s from near
extirpation, now nunbers about 1.1,000 animals and is believed to
have reached its upper linit. These aninmals reside en masse in.
the Bering and Chukchi seas from June to Cctober each year and
apparently suffer a large part of their annual nortality there.
Qur surveys and those contributed by personnel of other projects
covered less than 10 per cent of the shores of that region and
yiel ded 25 dead” gray whal es, suggesting that the total nortality
there was onthe order of at l[east 300 aninmals in 1975, or about
3 per cent of the population. Conceivably, this will increase
somewhat over the next few years, as the popul ation achieves

L_:stability.

Probl ems Encount er ed/ Recommended Changes
No problens this quarter.

In the 1976 and subsequent annual surveys, there will need .to be
more intensive and extensive effort put forth ia exam nations and
autopsies. This does not necessarily nean that the sanpling area
shoul d be expanded, but sinply that the effort must be increased

Do
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in the present sampling areas and the scope expended to include
sampling for viral as well as bacterial, fungal, and parasitic
agents and for background levels of petroleum hydrocarbons (and,
perhaps, heavy metals and pesticides to a limited extent).

It has becone apparent that the breakdown and utilization of
stranded carcasses is rather rapid, even in this cold environnent,
and that the contribution of high-grade organic matter toboth
the marine and the terrestrial systens along the coasts is
significant and should be at least prelimnarily investigated in
conjunction with this study. Sone 375 metric tons of carcasses
were stranded and subsequently utilized in the sanpling areas
alone in 1975, and the total contribution was easily nore than

10 times that amount, from narine mammals al one. Werecomend
that this re-distribution of nutrients be exam ned, and we
propose to initiate a small pilot study of it in one or two
localities in 1976, utilizing student assistants for the field
work. A final Jplan for this will be set forth in the next quarterly
report, after we have explored further the possibilities for
personnel, field sites, and conbination with other littoral-
coastal zone projects

The high rate of occurrence of walrus carcasses on the Punuk
I'slands, evidently from natural causes, is particularly interest-
ing and would seemto be ideally suited to nmore intensive study.
This nortality seens to take place in the autum, mainly Novenber,
when herds of up to several thousand animals haul out there.
Regretably, the islands are not readily accessible at that tinme,
other than via ship and/or helicopter, and the carcasses are
mostly too degenerate for useful autopsy by the follow ng spring-
summer period. For maximal returns fromthis site, it would be
preferable to establish a small field canp there during the 1976
summer that could be manned by project personnel for about one
month in the following autumn, provided that delivery and retrieval
of the field team can be assured. The prospects for this will be
explored further in the next few months.
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Fig. 1. Inverted rostral portion of the head of a young Gay Whzale,
Eschrichtius robustus, that had been partially eaten and presumably
killed. by Killer vhales. The nandible and renminder of the carcass
(field no. 9020) lay nearby. Southern coast of St. Lawrence Island.
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Fig. 2. Head of a 30 ft Grey Whale (field mo. 9024) on the sout heastern
coast of St. Lawrence Island. The animal wss intact, except for post-
mortem autolytic deterioration and renoval off most of the skin by
scavenging gulls and foxes.
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Fig. 3. Scapula of a Minke Whale, Balaenoptera acutorostrata, field
nunber 9034,0nthe northern coast of St. Lawrenceé Igland. Parts of

t-he skull, vertebrae, and ribs lay nearby.
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Fig. 4. Ventral view of the skull of a small Minke Whale, Balaenoptera

acutorostrata, on the northern coast of St. Lawrence Island—(Other
parts of this animal (field no. 9035) | ay nearby.
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OCS COORDI NATI ON OFFI CE
University of Al aska

ENVI RONVENTAL DATA SUBM SSI ON -SCHEDULE

DATE :  Decenber 31, 1975
CONTRACT NUMBER ~ 03-5-022- 56 T/ O NUMBER 8 R.U. NUMBER 194
PRI NCI PAL I NVESTIGATCR  Dr. F. H Fay

Subm ssion dates are estimated only and will be updated, if

necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates 1)
From To Batch 1 2

Alaska Peninsula 7/23/75 7/24175 3/31/76

Kotzebue Sound 7117175 7/20/75 3/31/76

Kotzebue Sound 7122175 7124/75 3/31/76

St. Lawrence lIs. 8/8/75 8/22/75 3/31/76

(1)

Estimated submission dates are contingent upon final approval of
draft data management plan submitted to NOAA November 20, 1975
and receipt and approval of data format by University of Alaska.



OCS COORDI NATI ON OFFI CE
University of Al aska

ESTIMATE OF FUNDS EXPENDED

DATE : Decenber 31, 1975
CONTRACT NUMBER: 03-5-022-56
TASK ORDER NUMBER: 8

PRI NCI PAL | NVESTI GATOR®  Dr. Francis H Fay

Period April 1 - Decenmber 31, 1975* (9 mos)

Total Budget Expended Remaining
Salaries & Wages 39,586.00 12,055.25 27,530. 75
Staff Benefits 6, 700. 00 2,048. 89 4,651.11
Equi pmrent -0- -0- -0-
Travel 6,000.00 4,633. 62 1,366.38
O her 16, 300. 00 1,231.77 15,068.23
Total Direct 68, 586. 00’ 19, 969. 53 48,616.47
| ndi rect 22,643.00 . 6,895. 60 15, 747. 40
Task Order Total 91, 229. 00 26, 865. 13 64, 363. 87

* Preliminary cost data, not yet fully processed.
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I. Summary

This project is investigating several phases of the biology and
ecology of the harbor seal inthe Gulf “of Alaska. Basic objectives
include: (1) examination of food habits and trophic relationships,

(2) investigation of population productivity and (3)examination

of growth, development and seasonal condition. Other objectives

include collection of data on population composition, seasonal
distribution, sex and age segregation and use of ¢ritical habitat.

-There are a number. of potential adverse -effects of oil and gas
devel opment on harbor seal popul ations. These include: (I) direct
injury through contact with oil, (2) disturbance, particularly
during vener abl e periods such as pupping, (3) i ncreased exposure
to environmental contamnants, (4) reduced basic productivity of
the food web and (5) direct mortality of prey species.

Members of the family Gadidae are the dominant food items to date
making up 6.5 percent of the identified material. Theragra was nost
i mportant,’ conposing 46 percent of the total. Other significant

prey itenms included pleuronectids and cephal opods;

The age of sexual maturity in female. harbor seals appears to be

between 3 and 5 years. “By age six virtually all seals are mature

and produci ng pups annual | yReproductive failure someti mes occur’s
in mturing females. Mle harbor seals becone sexually mature

between 3 and 7 years of age. Mature animals are potent from

mmrmanmned v de AT er Aenandd R e T & R o X
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I1. Introduction

This project is a basic ecological, life history investigetion of
the harbor seal in the Gulf of Alaska. Basic objectives arve: (1)
to delermine food habits and tropbic relatfonships in difierent
areas of the Gulf by scason, (?) to examine growth ratos, dﬂvo10yment
and body conditien and (3) to investigate peopulation produetivity with
emphasis on deternining age of scexual ma rurity and age specific
reproductive rates. Peripheral objectives include colliection of

i a1 contaminani loads, sc» and age sepregation,

data ol ervivonme
use of criii seasens! distributicn and population
(8]

I~
—
-
r

e
—

COmpHs

Exploration, development and trercportation of petroleum.reserves
in the Gulf of Alaska have a nunber of potentisl deletervious effects
on harbor seals., Some of these iaclude:

1. Direct injury to znimals through contact with oil.

2. Disturbauce, particnlarly during vulnerable pericds of their
life cycle such as pupping. when disturbance has been vhovn to
increase pup akandonnent thereby increasing juvenile moytality.

3. Increased environmental conteminant levels,

4. Reduced basic productivity of the food web caused Ly conteamination

S} o l, Gk,
5. Direct mortality of dmportant prey species by contact with

oil.

basic information needed for
gas devclopsent in the Gulf of
reation is being obtainzd whieh
y dmportand :*_sxu} poNuunL¢01‘“
k areas of
trophic

This study
making decisions
Alaska. More spec
will delinca
Tt is providing
significant
velationsi’

i fd

of particu

being colleciad, Baas e data on populaiion 7.

beins estrt:lished, e samplos are being i to
determine predovelop epvirencental contoiwinant levels. A
thorouch wndevalanding of all phuases of the life history of (b

Y C
harbor scsl is neces-eovy to fully evaluate wotentizl eflfects of gas
and oil expleration and developwent.,

1I1. Current state of knumsledge.

Bishop (18¢7) conductad the Lirst meaningful 1ife history study of
harbor seals in the Gulfi of Alaska. Workivg hoth on Tugidal Island
nnﬂ onn tha coast of Lhe Kenai Pewinsula, he used & cewentunm anmali

g 84

age deterrination technique combined with reproductive analyses to
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V.

gather information on the. reproductive cycle. He also collected
data on growth and devel opment. On Tugidak Island he gathered sone
preliminary data en population conposition and productivity. H s
work was apioneer study and only touched the surface, Imler and
Sarber (1.947) collected data-on food habits on the Copper River
Delta during the nonths of June and July. The Al aska Departnent of
Fish and Gane conducted research on Tugidak |sland between”1965-
1972 but this was mainly related to conmercial exploitation.
Seasonal distribution studies were conducted in the Prince WIliam
Sound area by the Al aska Departnent of Fish and Game in 1973 and
1974 (Pitcher and Vania 1973 and Pitcher 1975). In-1975 I -
conduct ed research on popul ation productivity, growth and developument
and fond habits in Prince william Sound (Pitcher 1975). ‘This
project conducted under contract to the Mrine Mammal. Commi ssion
provided the first sizable sample of life history data from any
area in the Gulf of Alaska. A general discussion of harbor seal
abundance and distribution in the Qulf is presented by Calkins et

al (1975).

Study Area

The” study area for this project includes the Gulf Coast from Yakutat
Bay north to Cape St. Elias, the Copper River Delta, Prince WIliam
Sound, the coast of the Kenai Peninsula from Cape Puget to Dangerous
Cape, the Barren Islands and the Kodi ak isiand group including
Afognak, Shuyak and the Trinity Islands. Specific collection
localiries from which we have camnled or nilan to sample during this
contract period include Yakutat Bay, lcy Bay, Kayak Island-Controller
Bay, Middleton Island, Prince WIIiam Sound, the Copper R ver

Delta, the Kenai Coast, the Barren |slands and the Kodiak area.”

Sources. nethods and rationale of data collection.

1. Harbor seals are being collected systematically from different.
areas and habitat types throughout the year. This is being
done in order to detect variations in food habits with season,
area and habitat type.

2.  \Wights and standard neasurenents are taken from each collected
animal including: total weight, blubber weight., standard
length, curvilinear length, axillary girth, maximal girth,
hind flipper length and blubber thickness (Scheffer 1967).
These data are being collected to establish growth rates,
‘seasonal condition patterns and assist in making calculations
of bi omass.

3. Age determinations are being made. This is done by decal cifying
a canine tooth from each animal, wusing a microtome to produce
thin" sections, staining the. sectiocws W th hematoxylin and
counting the annual greowth rings with the aid of a microscope
(Johnson and Licier 1975). Age “determ nations are necessary
for devel opment of grewth rates and to determine popul ation
structure and productivity.

250
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4. The ovaries and uterus are taken from each f enal e seal and
preserved in formalin. Standard |aboratory techniques for
reproductive analysis are used through which the presence or
absence of aconceptus in the uterus. is determned and a
partial reproductive history is reconstructed by exam nation

of ovarian structures. These data are necessary for deternination

of ages of sexual maturity and age specificC reproductive
rates, basic paraneters required for population productivity
cal cul ations.

5, Testes and epididymides from each nale seal are collected and
preserved. A microscopic exam nation is made of epididymal
fluid to determ ne whether Spermare present or not. Thes e
data are used for determnation of age of sexual maturity and
periods of seasonal potency in nales.

6. Stomach contents from each seal are preserved in formalin.

Wi ghts and volumes are determined for all contents. Identifications
of prey species are made by examination of recognizable individuals

and skeletal materials of diagnostic value. Frequency of
occurrence of prey species is then determ ned.

1. Intestinal contents from each seal are strained through nesh
sieves to recover fish otoliths. Otoliths, Which are diagnostic
to species, are conpared to a reference collection and identified.

All otoliths to date have been sent te John Fitch for verification

of the identifications (Fitch and Brownell 1968).

1
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| evel s of hravy metal s, - pesticide resi dues and hydrocar bons
can be detcinined.

9, Ooservations of harbor seals are recorded during collecting
crui ses and during aerial surveys conducted by other narine
mammal projects in teC@lf of Alaska. These data are being
conpiled and will eventually be of value in delineating areas
with high harbor seal concentrations, patterns of seascnal
distributionand critical habitat.

Resul ts

Three collecting trips have been conpleted, one in the southwestern
portion of Prince WIliam Sound, one in the Kodiak-Afognak area and
the other along the Kenai coast, Collecting activities for the
remainder Of the contract period are planned for the Barren Islands,
Kodi ak, Middleton and Kayak |slands, 1cy Bay and Yakutat Bay.

To date specimen materials have been anal yzed from 29 harbor seals.
An additional 18 animals were collected in March but the |aboratory
anal yses have not been conpl et ed,

Contents from stomachs and large intestines yielded identifiable
food items from 23 of the 29 harbor seals processed to date. Two
others contained food itens which have not- yet been identified

whi | e four animals had no food items. For this report the only food
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habit analysis will be frequency of occurrence of specific food
items (Table |.). In the final report, volumes and weights of food,
items will also be considered. "Spalding ,(1964) stated that percentages
based on. calculations of frequency of occurrence are the most “
accurate f<.wires in’ food habit studies. *

Table 1. ‘Frequency of occurrence of harbor seal food items.. .

Number of Percentage’of
Food Items - Occurrences Occurrences
Gadidae (Total) . - 28 . 65%
Theragra ., 20 _46%
Gadus . . 3 ' - 7%
-Eleginus 2" . 5 %
Microgadus 2 5%
_ Unid. Gadid - 1 2% o
Pleuronectidae (Total) 4" - 9%-
‘Atheresthes . . -1 2%
Hippoglossoides 1 2 %
-Lepidopsetta 1 2%
' Unid. pleuronectid -1 . ‘2%
Oomeridac ogtall . 1 961
Thaleicthys i 2%
Bathylagidae .(Total) . 1 . 2%
Leuroglossus “1 h 27
Zoracidae __(Total).” . ) 1 | 2%
Unid. zoracid ‘1 2%
Scorpacnidae (Total) = , - 1 2%
Sebastes Sp. ‘1 2%
ﬁexagrammidée (total) » 1 2%
Hexagrammus “Cf. stelleri 1 . 2%
Cephalopoda (Total) 6. 4%

Inportant findings reveal ed during |aboratory analysis of the

female reproductive tracts (Table 2) include a 3-year-old female
approaching sexual maturity. This ‘animal had ovulated for the first..
time but either did not conceive or the. blastocyst failed to implant.
A 4-year-old "fenmale; ovulated probably for the first ‘time, conceived,
t he blastoeyst i nplanted and then died and was in the process of
being resorbed when the animal was collected. Anot her &4-year-old
.female apparently ovulated-for the first time, conceived, and
when col | ected was supporting a. fetus. The siXx females ages

5to 10+ were all pregnant.. -y
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Table 2. Reproductive status of 12 female harbor seals collected from
28 Cct. 1975 to 13 Feb. 1976.
Pr egnant

Nunber Age Yes or No Status Comment s

KOD- 3- 76 Pup No Nulliparous No foil.icular activity

KOD-4~76 Pup No Nulliparous Ne follicular activity

PWS-120-75 1 No Nulliparous No follicular activity

PWs-110-75 3 No Nulliparous Ovulated apparently first time,
degenerate corpus Iluteum, either
didn't conceive or conceptus died.

PWS-108-75 4 No Nulliparous Normal appearing corpus luteum,
fetus being resorbed, apparent 1st
pregnancy - unsuccessful.

PWS-109-75 4 Yes Primiparous Inplanted 2.3 g fetus, no corpus
albicans.

PWS—-112-75 ' 5 Yes Muliipaious Implanted .1 g fetus, onc corpus
albicans.

PWS-122-75 6 Yes Multinarous Inplanted 6.5 g fetus, one or two
corpora albicantia.

PWS-125-75 9+ Yes Ml ti parous Inplanted 12.3 g fetus, two
albicantia.

PWS-115-75 10 Yes Ml ti parous I mpl anted 4.3 g fetus, one corpora
albicans.

PWS-117-75 10 Yes Ml ti parous I nplanted 5.3 g fetus, two corpora
al bi canti a.

PWS-132-75 10+ Yes Mul tiparous Inplanted 0.2 g fetus, two corpora
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The male reproductive materials collected to date were taken durim,
a period of apparent sexual inactivity (Table 3). O the 15 animals
exam ned, only an 8-year-old had sperm present and then only a
trace.

Table 3. Male harbor seal reproductive analysis.

Nunb er Age Dat e Testis Volume Sperm Present
PWS-126-75 “Pup 2 Nov. 75 3.5 cc No
PWS-121~75 1 1 Nov. 75 3.5 ccC No
PWS-128-75 2 2 Nov. 75 6.5. CC No
PWS-116~75 2 1 Nov. 75 5.5 cc No
PWS-~113-75 3 30 Cct. 75 9.0 cc No
PWS-119-75 4 1 Nov. 75 15.0 cc No
PWS-129-75 4 2 Nov. 75 22.0 cc No
PWS~114-75 4 31 Cct. 75 9.0 cc No
PIUS-131-75 5 4 Nov. 75 16.0 CC No
PWS-111-75 7 29 Oct. 75 “46.0 CC No
PWS-123-75 7 2 Nov. 75 26.0 CC No
PWS-124~75 7 “2 Nov. 75 36.0 CC No
PWS-118~75 8 1 Nov. 75 36.0 CC Trace
PWS-127-75 9 2 Nov. 75 51.0 cc No
PWS-130-75 11 2 Nov. 75 30.5 cc No

Growch, devel opnent and condition data are. summarized in Table 4.
These data will .be used to develop growth curves and patterns of

seasonal
sufficient material

condition in various |ocations.
is coll ected

in the Gulf of Alaska when

During sea otter and sea lion surveys conducted in Cctober 1975 and

during collecting activities in February 1976, several

observations

of -harbor seal concentrations were made (Figs. 1 and 2, Table 5}.

These are not in any way a conplete sunmary of harbor seal concentrations
in the area but over a period of time will add to our understanding

of seasonal .

VII. Discussion

di stribution.

Menbers of the fam |y Gadidae (65%, primarily Theragra (45%, are

by far the domnant food itemto date.
three genera were found a total
identified fromsix animals and at a |ater date wll

i dentified.

dalli, were found.

Theragra I €MAi NS.

of four tines.

Pleuronectids representing
Cephal opods were
be nore precisely

Two species of shrimps, Pandalus goniurus and. Crangon

It was felt they were probably secondary foo
itens as only traces were found in conjunction with well digested



Table 4. G owth and condition data from collected harbor seals.

Hide and Standard Blubber
Nunber Sex Age Weight Blubber Wt. Length Thi ckness
PWS-126-75 Mal e 5 mos. 25.0 kg 6.8 kg 106.5 cm 2.5 cm
PWS-121-75 Mal e 1 year 28.2 kg 9.1 kg 109.0 cm 2.1 cm
PWS-116-75 Mal e 2 years  38.6 kg 14.1 kg 127.3 cm 2.5 cm
PWS-128-75 Mal e 2 years  40.1 kg 13.6 kg 123.0 cm 2.5 cm
PWS-113-75 Mal e 3 years  46.4 kg 18.6 kg 132.0 cm 2.5 em
PWS-114~75 Mal e 4 years 53.2 kg 18.6 kg 136.0 cm 2.3 ¢m
PWS~116-75 Mal e 4 years 63.6 kg 20.0 kg 146.0 cm 2.6 cm
PWS-129-75 Mal e 4 years 63.6 kg 22.7 kg 144.5 cm 3.6 cm
PWS~131-75 Mal e 5 years 62.3 kg 23.6 kg 142.0 cm 2.9 cm
PWS-111-75 Male 7 years 74.6 g 25.0 kg 149.5 cm 2.5 cm
PWS-123-75 Mal e 7 years  59.1 kg 145.0 cm 2.3 ¢cm
PWS-124~75 Mal e 7 years  66.8 kg 152.0 cm 2.5 cm
PWS-118-75 Mal e 8 years 81.8 kg 29.1 kg 158.0 cm 2.8 cm
PWS-127~75 Mal e 9 years 86.4 kg 29.6 kg 155.0 cm 3.0 cm
PWS-130-75 Mal e 11 years 84.1 kg 25.0 kg 159.5 cm 2.5 cm
KOD-1-76 Mal e 91.1 kg 34.5 kg 159.5 cm 4.5 cm
KOD-2-76 Mal e 88.1 kg 32.5 kg 158.0 cm 2.7 ¢m
KOD-3-76 Fem 7 nos. 16.4 kg 6.4 kg 92.0 cm 1.6 cm
KOD-4-76 Fern. 7 nDs. 21.8 kg 8.6 kg 97.0 cm 2.5 cm
PWS-120-75 Fern. 1 year 27.3 kg 11.4 kg 115.5 cm 2.3 cm
PWS-110-75 Fem 3 years 43.2 kg i8.2 kg 125.2 ¢cm 3.0 cm
PW5- 108- 75 Fem 4 years 46. 4 kg 18.2 kg 126.5 cm 2.8 cm
PUWS-1.00-75 Fem 4 years 55.0 kg 20.5 ke 140.0 cm 2.7 em
PW3-1i2—70 Ve 5 Yedis Jhel ong LUvo ng itee U o 500 e
PWS-122-75 Fern. 6 years 64.6 kg 144.5 cm 2.2 cm
PWS~125-75 Fern, 9 years  66.4 kg 27.3 kg 148.5 cm 2.1 cm
PWS-115-75 Fem 10 years  70.5 kg 25.9 kg 147.0 cm 3.2 cm
PS~117-75 Fern. 10+ year: 72.7 kg 30.5 kg 143.0 cm 3.1 cm
PWS~-132-75 Fern. 10+ years 54.6 kg 18.6 kg 140.5 cm 2.5 cm

Table 5. Harbor seal observations made during sea otter and sea |ion
surveys and collecting activities.

Dat e Location Nurmber of Seals
5 Oct. 75 Cape Fairfield 55
5 Oct. 75 Day Harbor 29
4 Oct. 75 Aialik Bay 191
4 Oct. 75 Surok Pt. 25
3 Oct. 75 Nuka Bay 20
3 Oct. 75 East Chugach Island 18
3 Oct. 75 Elizabeth Island 35
2 Oct. 75 Sadie Cover - Tutka Bay 23
2 Oct. 75 Halibut Cove - China Poot Bay 15
6 Oct. 75 Marmot Island - east side 14
6 Oct. 75 Sea Lion Rocks 34
6 Oct. 75 Seal Bay 30
11 Feb. 76 Zachar Bay 18
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‘Figure 1, Locations of harbor seal “concentrations ‘along
the Kenal cecoast. |,
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Figure 2. Locations of harbor seal concentrations in
the Kodiak-Afognak area.
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These data conpare closely with those from a.recent Study conducted

in Prince Willian Sound (Pitcher 1975). In that study gadids were

dom nant at 45 percent, primarily Theragra whi ch conposed 36 percent”

of the total. (lupea Was the second nost inportant item in Prince WIIliam
Sound making uUp 19 percent-of the observations. Other significant items
included: cephal opods —-115, Gadus - 6 percent,_Microgadus - 5 percent

and Mallotus - 5 percent. On "the Copper River belta, Thaleicthys was the

dominant food item found in 82 percent of the seals cont ai ni ng food.

The only other significant food habit study in A aska was conducted

i n Southeastern (Imler and Sarber S947). (Gadids conposed 23 percent of
the total with Theragra the principal species. ‘Clupea composed 16 percent
and pleuronectids 11 percent. Shrinp were reported ta make up 17 percent
of the seals' food while octopus conposed 3 percent.

Wiile the female reproductive sanple is small., it supports recent
findings in Prince WIIiam Sound (Pitcher 1975). In that

study, 20 percent of the femal es were pregnant at 3 years, 64 percent
at 4 years, 80 percent at 5 years and 100 percent at 6 years and
older. 1t was found that about 33 percent of the females ovul ated
for the first time at 3 years, 54 percent at 4 years and 22 percent
at 5 years. Failure to conceive or intra uterine nortality was found
in five mturing females from 3-5 years of age.

. ) Frwmm s
STV e e "1&_ Sy 11: 3 lﬁJ (=Y S ) : R " "“‘c"'“"‘

LELe 0 el of [SEREY lasdn

recent study in "Prince WIliam Sound i ndf cate that femal e har bor

seal s are. becoming sexually mature from 3-5years of age. Reproductive
failure frequently occurs in newy maturing fenmal es. Pregnancy

rates of animals 6 years old and ol der are high, with all ani mal s

collected to date being pregnant or having evidence of. producing a
pup .

The ‘male Reproductive” material analyzed to date was taken during
late October and early November when the animals appeared to be
sexually inactive. However, when these data are combined with our
Prince William Sound material., certain patterns emerge. Sexual
maturity occurs as early as 3 years wth nearly all “males reaching
maturity by 7 years. Mture nmales are potent ‘from about April. to
Sept enber .

VI11.Con. el usions

Less than half of the collecting activities were conpleted so any
conclusions are tentative and subject to change dfter -completion Of

the project.

Gadids (65%, primarily Theragra (46%, were the dom nant food

items. Cephal opods made up 14 percent of the total while pleuronectids
made up 9 percent. The results of a recent study in Prince william Sound
are simlar except thar Clupea conposed 19 percent of the total..
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Female harbor seals are becom ng sexually mature from3-5years of

age. By age six, virtually all seals are mature and producing pups
annual ly.  Reproductive failure is comon in maturing females.

Male harbor seals are becoming sexually “mature between 3and 7
years. Mature animals are poteat from approximately April to
Sept enber .

Insufficient data are available to devel op growth curves and seasonal
condition patterns.

A nunber of harbor seal concentrations were |located and eventual ly
Wi Il add to our understanding of seasonal distribution.

Needs for future study.

1. Al aspects of the present study including: population productivity,
trophic relationships, growh, development and seasonal condition
should continue until a sufficient sanple from different
localities and different seasons is collected. In the Qulf of
Al aska, at the present level of effort, three years should be
consi dered a m ni num

2. In light of recent announcements concerning the location of
pl anned |ease sales, investigations into harbor seal density,
seasonal distribution and areas of critical habitat should be
conducted from Cape St. Elias to Cape Fairweather.

3. The feasibility of radio-tracking harbor seais shouid be
investigated. The successful enploynent of this technique
would provide inportant data ONn movements, seasonal distribution,
feeding areas, habitat wutilization and behavior.

4. Tugidak |sland, south of Kodiak, has the |argest known concentration
of land breeding harbor seals. This concentration probably at times
exceeds 10,000 animals. This is an inportant area of critical habitat
and information shoul d be collected on seasonal use, popul ation
identity and |l evel s of natural nortality, particularly of juveniles.

5. Research should be directed at the |ife histories of inportant
harbor seal prey species, i.e., Theragra and clwpea . The
effects of oil exposure on various stages of their devel opnent
shoul d be expl ored.

X. Summary of fourth quarter activities.

A.  Ship and laboratory activities

1 Ship schedul e

a. 28 Occ.-4 NOV. 1975 - M.v. “Montague” (ADF&G) -
Prince WIIliam Sound.

b. 3-13 Feb. 1976 - M.V. “Resol ution” (ADF&G) - Kodi ak,
Afognak, Shuyak.
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c 16-23 March 1976 - M.V."Big Valley" (charter) -
Kenai «Codst.

2 Scientific party

a. Karl Schneider ADF&G Pl #243

b. Don Calkins - ADF&G - Pl #243

c*  Kenneth Pitcher. - ADF&G -~ Pl #229,Co. PT #243

d. Various enployees .- ADF&G - Field and |aboratory
assi stants.

3. Methods - see Section IV Annual .Report.

4. Sanple localities

a. Prince William Sound
b.. Kenai Peninsula - outside coast
C. Northern Kodiak, Afognak, Shuyak

5 Data collected and analyzed

a. During the Ott.-1?0v. 1975 field trip .25 harbor ’'seals

3 were collected in theé southwestern portion of Prince
William Sound. The Feb. 1976 cruise in the Kodiak

: area produced four additional animals.

b. Stomach and intestinal contents from the 25 Prince
William Sound seals were analyzed for food habit.
information.

X Reproductive analyses for tha 12 femals conls oollaared
during this period were completed”.

d. Reproductive analyses for 15 of the i/male seals

S were completed during this period.
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Sunmary of Qbjectives, Conclusions and Inplications with Respect
to OCS G| and Gas Devel opnent

Inview of scheduled field work involving commtments of ship
and aircraft time, this report is based on work acconplished through
February 1976. Unfortunately, this conflict nas directly affected
the conpl eteness of various analyses and reflects a lesser data
base than has actual |y been acquired.

Ringed seal s, Phoca hispida and bearded seals’, Erignathus
barbatus are major conponents of the marine mammal £auna of the
Bering, Chukchi and Beaufort Seas. They have been chosen as target
species for investigation based upon criteria including their
significance in the ecosystem inportance to people residing along
the coast. and considerations of tineliness, feasibility and applica-
bility to OCS requirenents. This does not overlook the significance
of other marine mammal species of the region, some of which are the
subj ects of other investigations (i.e. walrus, spotted seals,
bowhead whal es), and sone which suggest a |ower probability of
successful achievenent of inportant task objectives (i.e. ribbon
seals or grey whales). Al of the marine mammal species of the
area will be included in certain kinds of analyses such as that of
di stribution. '

The broad objectives of this project are to obtain baseline
i nformation about the natural history and ecol ogy of ringed and
bearded seals. These species occupy vastly different ecol ogical
niches within the ice domnated narine systens in question.

The ringed seal is a small, widely distributed and very abundant
species which mainly occurs in areas of extensive, relatively thick
and stable sea ice. It is the only species within our study area
that occupies the, land fast ice. It is the species taken in |argest
nunbers by Eskim seal hunters. Ringed seals feed mainly on zooplankton,
the smaller shrinp and demersal fishes.

In marked contrast, bearded seals are the largest of our
nothem seals. They are also widely distributed, but occur in the
drifing ice. They feed almost exclusively on benthie organisms.
Annual harvests of bearded seals are much lower than those of
ringed seals. However, due to the great difference in size, the
amount of usable protein obtained is almost the same. Bearded
seals are preferred by coastal residents.

Our intent in selecting these species for investigation was to
exam ne simultaneously the biology of two species which are of
significant inportance to nman, and which depend on vastly different
habitats within the nmarine ecosystem



The inplications with respect to oil and gas devel opment are
basically that we will be able to recognize how, when, where and
why certain activities may have proxinmal or ultimte effects on
these two inportant species. As exanples, how does seismc exploration
in areas of land fast ice affect ringed sealswhich breed there?
VWiat food organisns are these seals utilizing? Are there differences
in the susceptibility of prey species to oil pollution--or, which
of the seals is nost susceptible to significant indirect effects of
oi | devel opment? How much disturbance will the seals tolerate?
WII they avoid areas of intensive human activity? Are there
critical magration routes, etc. Answers to alnost all of the
questions concerning the potential effects of oil and gas devel opnent
on these seals depend on an understanding of their natural history
and ecol ogy.

Introduction

Bearded and ringed seals constitute two of the five pinniped
species associated with the ice dom nated habitat of the Bering,
Chukchi and Beaufort Seas. By virtue of nunbers and distribution
they are of great significance to coastal residents of northern
Al aska and Siberia; providing reliable sources of food and usable
byproducts.  Their inportance as significant, functioning el enents
of the marine environment is not adequately known. Both species
occur throughout the seasonally ice covered regions. However,
differences in habitat requirenents (including fogd habits) result
in an ecological partitioning of the marine systemin question.
Proposed OCS | ease areas in the Bering and Beaufort Seas fall
directly within the habitat of these two species.

The primary enphasis of our ecological studies responds to
OCSEAP tasks A-1, A-2 and A-3. Information required for acconplish-
ment of objectives A-6 and A-31 is being obtained. Qur study (as
wel | as many others) are required in order to eventually achieve
obj ective E-1.

Information required to meet the task objectives include, but
are not limited to, such things as natality, mortality, population
size, population structure, trophic relationships, detailed under-
standing of factors determining density, distribution, seasonal
movements, critical habitat requirements, relationship to ice
habitats, behavior and other biological processes. Historical .
events indicate that marine mammals, as intelligent, irritable (in
the phy-biological sense) and ecologically specialized organisms
have almost always been adversely affected by the activities of
man. The” proposed exploitation of outer continental shelf resources
poses the real threat of habitat alteration. Adverse impactscan
be lessened if there is an adequate understanding of the ecosystem
and its conmponent parts and types of perturbation that can be anticipated.

Qur study of bearded and ringed seals is one of noderate
duration which will require about five years to conplete. The
speclfic task objectives are:



V. Sources and Methods

A Schedule

Dates Locati on Activity
April to Bering Sea and Col l ection of specinmens
June 1975 Bering Straits from native hunters -
ADF&G funded.

June 1975 Bar r ow Aerial s