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Planned transects for aerial surveys. Dashed and solid |ines
depict the two sets of six randony-selected transects (see
text ).

Survey lines and sightings of gray whales during aerial surveys
on 10-17 July 1982.

Survey lines and sightings of gray whales during aerial surveys
on 9-10 Septenber 1982.

Aerial survey lines and sightings of nmud plunes from feeding
gray whales, 10-17 July 1982.

Aerial survey lines and sightings of nud plumes from feeding
gray whales, 9-10 Septenber 1982.

Aerial survey lines and whale sightings used to estinate gray
whal e abundance in July 1982. Sightings along opportunistic
transects and at lateral distances <loo m or >2100 m are
excluded (see text).

Aerial survey lines and whale sightings used to estimate gray
whal e abundance in Septenber 1982.

Distribution of lateral distances of gray whales sighted during
aerial surveys.

Fit of Fourier series probability density functions to latera
di stances of gray whale sightings in July and Septenber 1982.

Distribution of lateral distances of nud plumes created by gray
whal es and sighted during aerial surveys.

Gray whales observed during shipboard observations in the
Chirikof Basin and near St. Lawrence Island during July and
Sept enber 1982. Cbservations and estimates made in Septenber
are in parentheses. Area estimates in the Chirikof Basin
include animals counted during nearby station scans and
transect observations.
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Distribution and Abundance
ABSTRACT

Aerial surveys of the chirikof Basin in md July and early Septenber
1982 showed that gray whales were concentrated in a north-south band across
the center of the basin. Aerial and shipboard surveys al so found
concentrations along the west, south and east coasts of st. Lawence Island.
Many additional gray whales were present west of the U S /US S R Convention
Li ne. These results are consistent with results from studies in previous
years.

Raw | ine transect estinmates of gray whale abundance in the Chirikof
Basin (excluding the concentrations around St. Lawrence Island and in Sovi et
waters) were 540 in July and 215 in Septenber. Qur data on surfacing/dive
cycles permtted us to correct these raw estimtes to include whal es that
were below the surface and hence not visible when the survey aircraft flew
over. The corrected estimates were 1929 for July and 601 for Septenber.
Simlar values were obtained using sightings of nud plumes created by feeding
gray whales to correct the raw survey results for whales below the surface
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Distribution and Abundance
| NTRODUCTI ON

An understanding of the distribution and number of gray whales utilizing
t he Chirikof Basin in sumer is a prerequisite for an analysis of the
rel ationships between feeding gray whales and their prey. The nost
conprehensive previous information on distribution and nunbers of gray whales
in the study area has come from aerial surveys (e.g., Nerini 1980; Ljungblad
et al. 1982). Additional information has come from shore-based and shi pboard
observers. A mgjor limtation in nost previous studies, particularly those
based on aerial surveys, has been underestination of nunbers of whales
present because of inability to detect whales that were bel ow the surface.

In this study, we conducted both ship-based and aerial surveys to
determ ne the distribution and nunbers of gray whales in the study area in
1982. Aerial surveys were used because they offered the advantage of
sanpling large areas in a relatively short period of time, including areas
where little or no ship-based work was planned.  Ship-based observations both
at benthic sanpling stations and while steam ng between stations provided
additional information. O mnmjor relevance to this study was the collection
of data on the surfacing-dive cycle of the gray whal e (Wirsig et al., this
report). Through use of those behavioral data and the analytical procedure
of Davis et al. (1982), it was possible to estimate the proportion of the
whal es that were submerged (and, therefore, undetected) during the aerial
surveys.

The distributional and abundance data presented here are used by Thonson
and Martin (this report) to assess the interactions between gray whales and
their prey organisms.
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Distribution and Abundance

METHODS

Aerial Surveys

Approach

V¢ conducted systematic aerial surveys to determne the distribution and
estimate the abundance of gray whales in the study area. In order to sanple
the area in a systematic manner, we divided it into six bands of equal width
by establishing seven lines (33.3 kmapart) east of and parallel to the
US.-US S R Convention Line. These lines ran northeast fromthe St.
Lawence Island region to the Seward Peninsula. W randony selected two
sets of survey lines, each consisting of one line in each of the six bands we
intended to sanple. These two sets of survey lines, and additional 1lines
designed to sanple the distribution of gray whales in coastal waters off St.
Lawence Island, are shown in Figure 1. Lines flown to connect end and start
points of successive lines (not shown in Fig. 1) were surveyed on an
opportunistic basis to provide additional distribution data.

Tinming and Nunber of Surveys

Ve originally planned to survey the study area during three different
periods in 1982: md July, late July to early August, and early Septenber*
Bad weather prevented us from conducting the second proposed survey; thus,
surveys were conducted only during md July and early September. During md
July, both sets of survey lines across the Chirikof Basin were surveyed.
During early Septenber only one set of lines could be conpleted. Addi ti onal
surveys would have been desirable, but were inpractical because of weather
and logistical limtations.

Survey Aircraft

Two aircraft were used in these surveys. The first (md July) survey
was conducted from a G umman Goose supplied by the Ofice of Aircraft
Services, Anchorage, with the cooperation of the Naval Ccean Systens Center,
San Di ego. The second survey was conducted from a deHavilland TWin Qtter
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FIGURE 1. Planned transects for aerial surveys. Dashed and solid lines
depict the tw sets of six randonmly-selected transects (see text).
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Distribution and Abundance

operated by Evergreen Helicopters, Anchorage. Each aircraft was equi pped
with a VLF navigation system (GNS-500) for accurate offshore navigation, and
a radar altineter for accurate determ nation and mai ntenance of survey
al titude.

Survey Procedure

Survey procedure was standardi zed to the extent possible; however, the
use of two different aircraft required different survey speeds and different
seating positions during the two surveys. W attenpted to maintain a ground
speed of 240 kmh when flying in the Gunman Goose. \Wen surveying fromthe
Twin Oter (second survey) it was practical to maintain a ground speed of
about 205 knt h.

In the Gumman Goose the observers occupied seats opposite one another
inthe rear of the aircraft. The observers surveyed through a large w ndow
of fering sone forward and rearward visibility. Thus, the two observers had
equal visibility when in the Goose. In the Twin Oter, one observer was
seated in the front left (co-pilot’s) seat. The second observer occupied a

seat on the right side of the aircraft, tw behind the pilot, and observed
through a standard side w ndow. During this survey the observer occupying

the co-pilot's seat had better forward visibility than did the rear observer.

Al surveys were flown at an altitude of 152 m Fog caused occasi onal
deviations from this altitude; however, when these deviations becane
prolonged the survey was termnated.

Surveyors recorded all observations onto audio tapes. I nformation for
each sighting included species, number, group type, behavior (including
description of activity, direction of novenment), sighting cue, and presence
or absence of feeding plunes and/or associated flocks of birds. An
i nclinometer (Suunto PM S/ 360S) was used to determine the angle of depression
of the line to the animal when it was directly to the side of the aircraft.

Lateral distances of gray whales fromthe flight path were later calcul ated
based on the sighting angle and aircraft elevation.
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Position along the transect route was interpolated by the use of an
interval timer system digital watches, and the aircraft’s VLF navigation
system The interval timer was reset to zero at the start of each transect
and, thereafter, at 2-rein intervals it produced a sound audible to all
observers. This division of transects into 2-rein transect segments permitted
us to map gray whale sightings at intervals of approximately 6-8 km al ong
each transect. During all surveys, weather (fog, rain, snow), sea state and

sun glare intensity were recorded for each transect segnent.

Shi p-based Cbservations

During the gray whale benthic ecology and behavior cruises in July and
Septenber, 1982, a systematic watch for marine mamuals was kept fromthe

flying bridge of the MLLER FREEMAN (12 m above water), and from the flying
bridge or “aloft conning tower” of the DI SCOVERER (15 m and 23 m above water,

respectively). One to three whal e biologists scanned the sea with unaided
eyes and with 9x30 binocul ars, Distance of visibility varied wth weather
conditions and size of marine manmal, but the observers believed that they
were usually able to sight blows of gray whales within five km of the
vessel . Marine manmal sighting information included time, ship’ s position
and headi ng, weather, species, nunber of animals, and distance of sighting

fromthe ship.

VWhen the ship was on station during beathic sanpling, systematic
bi nocul ar-ai ded scans were conducted for 10 min of every hour. In this way,

estimates of nunmber of whales within sight of the ship were nade. These
estimtes, as well as the overall sighting effort, are presented in the

Resul ts.

RESULTS

Aerial Surveys

Distribution

We flew two sets of survey lines during the first survey period (10-17
July), totalling 3709 km Coverage was virtually conplete, except that

Federal Aviation Admnistration regulations prevented us from flying lines we
had laid out in the westernmost of the six survey bands. Seventy-six gray
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whal es were sighted (20.5/1000 km of survey line) on the regular survey
lines, and a total of 79 gray whales (21.3/1000 kn) were seen.  The survey
lines flown and the distribution of all sightings recorded in July are shown
in Figure 2. Sea states were generally good during the survey, ranging from
Beaufort 2 to 4.

The distribution of sightings in July suggests that gray whales were
concentrated in a broad swath extending (roughly) from Cape Prince of Wles
on the Seward Peninsula south to Northeast Cape on St. Lawrence Island. Few
gray whales were seen in offshore areas to the east or west of the swath.
G ay whales were also found in substantial nunbers in nearshore waters to the
east and west of St. Lawence Island.

Only one of the two sets of survey lines was flown during the second
survey period (9-10 Septenber) totalling 1933 km  Twenty-seven whal es were
recorded (14.0 whal es/ 1000 km of survey line;, Figure 3). Sea states were
hi gher than observed in July, ranging fromBeaufort 3 to 4 (average 3.5).
The general distribution of whales appears to have been simlar to that
observed in July with the exception that no whales were seen north or west of
King I'sland during the Septenber survey. However, the lack of sightings in
that area may be an artifact of the [ower sanpling effort during the second
survey.

Feedi ng gray whales often bring considerable amounts of nud to the
surface, which remains visible after the whale has dived. Thus, the
distribution of mud plumes provides additional information about gray whale
distribution beyond that provided by sightings of whales thenselves. The
distributions of all feeding plumes seen are plotted in Figures 4 and 5.
These distributions correspond very closely to the distributions of whale
sightings (Figs. 2 and 3). Thus, it appears that gray whales were feeding
throughout all of the areas in which they were recorded. (For nore details
on the relationships between sightings, feeding plumes and gray whales see
later section--Detectability of Feeding Plunes.)
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FIGURE 2. Survey lines and sightings of gray whales during aerial surveys on
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Di stribution and Abundance

Popul ation Estinmation Procedures

In a later section we estimate the size of the gray whal e popul ation
inhabiting the study area during the two surveys. The estimates are based on
the gray whale sightings along the straight-line transects across the
Chirikof Basin (see Figs. 6 and 7 for the July and Septenber transects and
si ghtings used in calcul ations). Line transect procedures were used to
obtain ‘raw estimates of gray whale densities. In order to derive
popul ation estimtes, we applied correction factors to the raw densities.
These correction factors accounted for gray whales that were submerged and
therefore not visible to the observers. The ‘corrected’ densities were
applied to the area within the six survey bands (Fig. 1) to estimate the
nunber of whales within those bands

Survey Model s

Use of inclinometers enabled us to estimte the perpendicul ar distance
fromthe flight path to each whale we sighted. The availability of these
estimates allows us to calculate gray whale densities according to either
strip transect or line transect nodels, both of which are used comonly in
aerial censuses of marine manmal s (Eberhardt etal.1979).

The choi ce of which of these two nodels to use depends on a nunber of
factors, especially the distribution of |ateral detection distances fromthe
flight path. The lateral detection distances of gray whales sighted on the
pre-established survey lines are plotted separately for July (n = 41) and
Septenber (n = 13) in Figure 8 W conpared the lateral distances at which
gray whal es were observed during the two surveys, |unping sighting distances
into categories of 0-500, 500-1000, 1000-1500 and 1500+ m fromthe flight
path of the aircraft. No significant difference was found between the two
surveys (chi2 = 3.40, d4f = 3, p>0.30).

The nedi an di stances at which gray whal es were sighted did differ

consi derably between July (470 m and September (860 m), however, and some
possi bl e explanations for this difference are discussed bel ow.
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Distribution and Abundance

The sample sizes for both the July and Septenmber surveys were snall (41
and 13, respectively) and sanpling error nay account for some of the
observed difference. O the other variables that mght conceivably account
for differing lateral sighting distances (aircraft type, seating position,
aircraft speed and weather and sea state conditions), sea state seems to be

the nost |ikely cause.

Sea states were generally higher in Septenber than in July and this may
have affected the sighting cues that the aerial observers relied on to spot
and recogni ze gray whales. The aerial observers recorded, when possible, the
sighting cues that first brought their attention to a gray whale. These cues
included the whale itself (body, back, flukes), feeding plumes, aggregations
of feeding birds, and blows (exhalation) fromthe whale. Blows tended to be
visible at greater distances than other sighting cues. For exanple, in July
the mean lateral distance of whales whose sighting cues were blows was 1803 m
(n = 13) conpared to 441 mfor all other cue types (n = 20). In Septenber
the conparable distances were 1223 m (n = 6) and 517 m (n = 6)

Al though, intuitively, it may seem that higher sea states would decrease
the likelihood of seeing whales at a distance, this may not be the case for
whal es that are sighted with a blow as the cue. Blows are conspi cuous even
in noderately high sea states. The probability of sighting a whale's back or
body definitely deceases with increasing sea state because white caps, spray
and swells tend to conceal such cues. The noderately higher sea states
encountered in September may have decreased the sightability of whales near
the aircraft, but left the sightability of whales farther fromthe aircraft,
where blows are the nost inportant sighting cue, relatively unchanged. In
September, blows were the sighting cue for 50% (6 of 12) of the whales
recorded conpared to 29% (8 of 27) in July. Thus, in Septenber, fewer whales
may have been recorded and the distribution of lateral sighting distances may
have been biased toward whales farther fromthe aircraft. This bias makes
the estimating procedure nore conservative and results in a | ower population
estimate for Septenber.
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A fundanental assunption underlying the strip transect nodel is that
animal s be equally detectable in all parts of the transect. To test this
assunption we exam ned the conbined (n = 54) distribution of |ateral
di stances for surveys 1 and 2 (Fig. 8). Based on these data it would be
difficult to choose a transect width that would satisfy the assunption of
equal detectability. There appears to be a zone close to the aircraft (0-100
mfromflight path) where few gray whales were detected. |If we exclude this
region and consider a hypothetical 1000 m transect width from 100 to 1100 m
fromthe aircraft, we find that 71% (25) of the gray whales sighted were in
the inner half (100-600 m of the transect and only 29% (10) were in the
outer half. This difference is statistically significant (binomal test,
p<0.05). Thus, these data do not appear to be appropriate for strip transect
anal ysi s.

In the follow ng section we use the line transect nethod to estimate the
‘raw density of gray whales in the survey area.  The advantage of the l|ine
transect nmethod is that aninmals in all parts of the transect need not be
equal |y detectable. The line transect nodel assumes that all animals at the
center of the transect (i.e. at zero distance fromthe survey line) are
detected, and that the detectability of aninmals decreases wth increasing
di stance from the line

Uncorrected Estimates of Nunbers Present in Study Area

Ve cal cul ated uncorrected density estimates for each of the two surveys
according to the line transect nethod of Burnham et al. (1980) using a
conmput er program which they devel oped (TRANSECT version 1.1; Laake et al.
1979).  The sightings used in the program are those shown in Figures 6 and
7. The line transect nmodel assumes that all animals at zero lateral distance
are recorded by the observers. Qur data (Fig. 8) suggest that whales closest
to the transect lines (0-100 m were less likely to be seen than whales
farther fromthe lines (100+ m. This is to be expected because it was
i mpossible to detect whales directly below either of the survey aircraft that
were used. To conpensate for this, we elimnated two sightings of whales
seen at distances of 90 mfromthe transect line and assumed that our
transect began at 100 mfromthe aircraft flight path. Al sighting
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di stances were accordingly decreased by 100 m for the purpose of using the
computer program We truncated the sighting distances at 2100 m elimnating
a further four sightings beyond that distance. Two pairs of whales were

treated as single sightings because the line transect nethod requires
i ndependent sightings. The resulting sanple sizes used in the analysis were
33 and 13 sightings for the first and second surveys, respectively, based on
a transect width of 0-2000 m (originally 100-2100 m

The formula used to calculate the density of sightings is

Ne£(0)

2L

where N is the sanple size of observations, L is the total line length and
f(0) is the probability density function of the distribution of latera
di stances at |ateral distance O TRANSECT used the data to calculate
probability density functions based on three different nodels

1. non-paranetric linear (Fourier Series),
2. sinple paranetric (negative exponential),
3. generalized parametric (exponential power series).

Any of these nodels will provide a value of f(0) that can be used as an
estimator in the above density formula. The values of f(0) determned from
t he above nodels are shown in Table 1. The f(0) values derived fromthe
three nodels for the July survey were very simlar, ranging from1.511-
1*587* The f(0) values calculated for the September survey were nore
variable, ranging from 0.667-1.033 (Table 1).

W used the f(0) values determned fromthe Fourier Series nethod for
both the July and Septenber surveys. The use of this estimtor has been

recommended by Burnham et al. (1980) on the basis of its robustness,
shape criteria and its estimation efficiency for small sanples. The fit of

the Fourier Series probability density functions to our data (pooled into
four lateral distance categories) is shown in Figure 9. Burnham et al.
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Table 1. Line transect estimates of the abundance of gray whales in July and
Sept enber 1982.

Sur vey Model f(0) %2 probability D

July Fourier Series 1.511 -+ 0.01087
Negative Exponenti al 1.534 0.474 0.01104
Exponential Power Series 1. 587 0.230 0.01142

Sept . Fourier Series 0.813 0. 953 0. 00460
Negative Exponenti al 1.033 0.767 0. 00584
Exponential Power Series 0. 667 0.610 0. 00377

* Raw sighting density (per km2). July figures nust be multiplied by 35/33
to convert to whale density, since two sightings involved pairs of whales.
** There were too few degrees of freedomto determine a chi® probability.

(1980) suggest that the Fourier Series performs well with sanples as small as
30-40 sightings. Thus, the estimate for July based on 33 sightings may be
consi derably nore reliable than the Septenber estinate based on only 13
si ghtings.

Substitution of the f(0) values fromthe Fourier method into the
aforementioned formula for density leads to raw density estimtes of 0.0109

sightings/kmZ Or (0.0115 whales/knfin July, and 0.0045 whales/km2 in
Septenber. The difference between the two figures for July results fromthe
fact that two of the 33 sightings involved two whales; the other 31 sightings

in July and all 13 sightings in Septenber were of single whales. These
densities correspond to raw estimates of about 540 (July) and 215 (Septenber)

gray whales in the six survey bands, whose total area was 46,860 kni.

Use of strip transect methods woul d have resulted in |ower estimates.
If we had chosen a 1000 m transect w dth (100-1100 m) on either side of the
aircraft, the resulting raw density for July would have been 26 whal es/ 4586
k2 . or 0.0057 whal es/kne. The Septenber density would have been 9

whal es/ 2300 kn2, or 0.0039 whales/km?. Applying these densities to the
46,860 knm2 study area results in raw popul ation estimtes of 266 (July) and

183 (Septenber) gray whal es.
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Corrections for Subnmerged Gray Whal es

Feeding gray whales spend |arge amounts of time below the surface of the
water.  Subnerged whales are invisible to aerial surveyors and aerial survey
results must be corrected to account for this if reliable population
estimates are to be made. Information on the relative anounts of tine gray
whales are above and below the surface was obtained from ship-board
observations during the present study (wirsig et al., this report).

Duration of Potential Detectability.--To correct the raw density estimtes
for submerged whales, it is necessary to estimate the paraneter t, which is
the period of time a whale at the surface is potentially detectable fromthe
passing aircraft. The value of this paraneter depends on the perpendicul ar
di stance between the flight track and the whale, the observer’s horizontal
field of view, and the aircraft’s speed. W estimated two ‘*average’ val ues

for t, one for the Gunman CGoose (first survey), and one for the Twn Qter
(second survey) according to the followng fornula

2 tan 8 . x
2

\'

where 6 is the field of view of the observer, x is the nedian sighting
distance fromthe flight track, and v is the velocity of the aircraft. The
parameters used to estimate t are shown in Table 2.

Table 2. Paraneters used to estinmate duration of potential
detectability of a whale (t) for surveys 1 and 2.

Survey Aircraft Type X (km v(km/s) t (s)
| G umman Goose 110° 0. 47 0.067 20
2 Twin Otter 90° 0.86 0. 057 30

The estimates of t (20 and 30 s for the Gumman Goose and Twin Qter,
respectively) are approximations because of variation in survey speed and
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rather arbitrary estimates of the viewng angles from the two aircraft. W
felt that windows in the Gumman CGoose offered the observers a wider field of
view than the narrower windows in the Twin Qter. This difference was
probably offset to some extent, however, by the fact that one of the two
observers in the Twin Oter occupied the co-pilot’s seat and had inproved
forward visibility. The view ng angles we selected nay be less than the
maxi mum possible viewng angles: we attenpted to estimate a “nornmal” field of
view |ikely to be exercised by an observer.

Cal cul ation of Correction Factors. --I1f all surface times are of length
s, all dives are of length u and the duration of potential detectability is
t, then probability that a whale will be at the surface (or will surface)
while within the observer’'s field of viewis

S t stt
P e + — = mm—
stu s+u s+u
(Eberhardt 1978). In the above equation, s/(s + u) is the probability that

the whale will be at the surface when its location first comes into visua
range, and t/(s + u) is the probability that the whale will surface while its
| ocation is in visual range. The uncorrected estimate of the nunmber of
animals present should be divided by P to allow for aninals that are
undet ect abl e because they are submerged when the aircraft passes over

The above fornula assumes that s and u are constant and that t<u.
Conventionally, s and u are taken to be the nmean duration of surfacings and
dives. In fact, some dives nmay be short (u<t) , and s and u are both highly
variable and skewed.

Davis et al. (1982) developed a corrected version of the (s + t)/(s + u)
formula that allows for dives that are short in duration (u<t). Thei r
procedure also allows for the fact that s and u are variables that may have
non-normal distributions. However, they found that this is not a critica
factor provided that the cases with u<t are treated separately.
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Ve followed the approach of Davis et al. (1982), and calculated separate
correction factors for July and Septenber. The July correction factor was
based on observations of 444 paired surfacings and dives during the 12-21
July period (data from wirsig et al., this report). Al 444 of these dives
were >20 s in duration. The Septenber correction factor was based on
observations of 376 paired surfacing/dive cycles in the 12-27 Septenber
period. Five of the 376 dives were <30 s in duration. The cal culations from
which the correction factors for July and Septenber are derived are shown in
Table 3. The correction factors by which raw abundance estimates should be
divided are 0.280 for July and 0.358 for Septenber

Corrected Abundance Estimates

Dividing our raw population estimates (540 and 215) by the two correc-
tion factors derived above, we cal cul ated corrected popul ation estimates for
the 46,860 knfsurvey area of 1929 (July) and 601 (Septenber). Al t hough
these estimates allow for whales below as well as at the surface, they may be

conservative because no attenpt was made to correct for whales at the surface
that mght have been mssed by the observers. Davis et al. (1982) devel oped

such a correction factor for bowheads. They estimated that only 68.5% of the
bowheads at the surface in their study were detected by the primary

observers

Had we used conventional strip transect methods, our ‘corrected
estimates would have been 950 for July and 511 for Septenber

Detectability of Feeding Plunes

VW examned the distribution of feeding plumes to determ ne whether they
m ght be used as an index of gray whale abundance

First, we looked at the limts of detectability of feeding plunes. The
| ateral detection distances were estimated for 99 of 101 sightings of
pl unes, separately for July and September surveys (Figure 10). There was a
marked decrease in sightability at distances beyond 500 m from the flight
path of the aircraft. Only five of 82 (6% of the feeding plumes sighted
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Tabl e 3. Calculation of the probability that an average whale wWithin the surveyed area will
be at the surface while within an observer's field of view Al tinmes are in

seconds .
sun of * S Of # dives Mean Mean stt

Chservation dive surface and surface di ve —_—

period durati ons times surfacings tine (S) tim (u) Shi
12-21 July

dives _(_20 S 0

di ves >20s 91,518 23,303 444 52.48 206. 12 0.280
Au dives 91,518 23,303 444 52.48 206. 12 0+ 280
12- 27 September

dives <30s 86 45 5 9.00 17.20 -
dives >30 s 66, 765 19,716 371 53.14 179. % 0.357
Al dives 66, 851 19, 761 376 52.56 177.80 0. 358

corrected* 0.358

* Following the method of Davis et a1, (1982), the corrected (s + t)/(s +v) is calculated ss

[(86 + 45)%x 1.01 + [(66, 765+ 19, 716)x 0.3571
= 0.358

(66,851 + 19, 761)

Using three digits of precision, the corrected result is unchanged from the
conventional result--a consequence of the very |ow percentage of surfacing/
dive cycles for which u<t.

from the Goose and none of the 17 sightings fromthe Twin Qter were at
di stances >500 m fromthe flight path. As with whal e sightings, few plunes
were seen <100 mfromthe flight track.

V¥ | ooked at the nunber of whales that were acconpanied by at |east one
feeding plume, restricting the tabulation to whales sighted at distances
bet ween 100 and 500 mfromthe flight path (Table 4). The percentages of
whal es acconpani ed by at |east one feeding plume were 42% (8 of 19) in the
July survey, 60% (3 of 5) in the Septenber survey, and averaged 46% (11 of

24) in the conbined surveys.
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Table 4. Sightings of gray whales and nmud plumes during each aerial

survey.
\Whal es*

: : Pl umes

with wi t hout wi t hout

Survey Tot al plumes (% ** plumes (% whal es
1A 13 5 (38.5) 8 (61.5) 4
1B 6 3 (50.0) 3 (50.0) 11
Sub-t ot al 19 8 (42.1) 11 (57.9) 15
2 5 3 (60) 2 (40) 2
Tot al 24 11 (45.8) 13 (54.2) 17

* Sighted between 100 and 500 m from the flight track.

** (Closely grouped plumes that |ooked as though they m ght have been
the result of a single whale's feeding activities were considered
as one plume in this analysis.

Al ternative Population Estimate Using Sightings of Mid Plunmes

We used the nud plume data to obtain an entirely different estimate of
abundance based on the strip transect nethod. Assumi ng a 400 mtransect
wi dth on each side of the aircraft (lateral distance 100-500 m), we counted
the nunber of whales sighted and used the number of unaccompanied plumes to

correct for subnmerged whal es.

In survey 1, eight of 19 whales sighted between 100 and 500 m from the
flight path were acconpani ed by feeding plumes. If we assume that the sane
proportion of subnerged whales would create plumes, then the nunber of
subnerged whal es can be estimated by dividing the number of unacconpanied
whal e plumes by that proportion. In the first July survey, we saw 15
unacconpani ed plumes at l|ateral distances of 100-500 m Dividing that number
by 8/19, we calculate that 35.6 additional subnerged whales were present in
the transect strip. Thus 54.6 whales (19 + 35.6) were present in the 2293 km
of transect (width = 0.8 km flown. This corresponds to a density of 54.6
whal es/ 1834 kni or 0.0298 whales/km. Using the sanme approach for
the second survey we calculated a density of 0.0123 whales/km2. Applying
those two densities to the sum of the areas in our six survey bands (46,860
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knf) results in population estimates of 1396 whales during the July
survey and 576 whales during Septenber. These estimates are reasonably close
toour previously derived estimates of 1929 and 601 based on the Iine
transect nethod with adjustment for submerged whal es.

Shi pboard Observations of Gay Wales

In July, approximately 291 gray whales were observed during station
scans, transect counts and other shipboard operations in the nearshore waters
of St. Lawence Island (Table 5). Simlarly, 116 gray whal es were observed

in Septenber. In intensively worked areas and areas where whales were
nunerous, the same whal es may have been counted several tinmes. In these
areas, the observers estimated the total. nunber of whales present. These

area estimates (Fig. 11) include whales observed along transects and during
station scans.

H gh densities of whales were found off Southeast Cape, the south and
west coasts of St. Lawrence Island, in the south central Chirikof Basin, and
across the international boundary in the northwest part of the Chirikof Basin
(observed fromU. S. waters on a clear night; Fig. 11). No whal es were
observed al ong the north coast of St. Lawence Island and only two whal es
were observed in the northern part of the study area between King Island and
Nore.

The distribution of whales observed from the ship closely parallels that
found during aerial surveys conducted during this study (Fig. 2-5).

DI SCUSSI ON

Northward mgrating gray whales arrive at St. Lawence Island in My and
June, and in sunmer are dispersed to the north and west (Braham in press).
Approxi mately 17,000 whales enter the Bering Sea (Rugh in press). An
estimated 7700 to 7800 are found in Russian waters (Zimushko and Ivashin

1980) . Ljungblad et al. (1982, 1983) conducted aerial surveys throughout
the Chukchi and northern Bering seas in 1981 and 1982 and conputed densities

of whales for these areas. The regi ons surveyed during the present study
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Tabl e 5.

Island during the sumer of 1982.

Level of effort ad mmbers of whal es cbserved during shipboard observations in the hirikof Basin and mear St. Lawrence

Day LoCat ion Type level of Effort No. Whales observed
July:
10 Approaching southwest coast of St. Lawrence Island Transect 13.0 h 0
11-14 West coast of St. Lawence Island Area estimte 4 din area 65
15 North coast of St. Lawence Island Transect 5.5h 0
16- 21 Sout heast Cape Of St. Lawrence Island Area estimte 6 din area 40
22-23 Chirikof Basin, station 7A to Date Line Transect 8.6 h 39
Stat ion scans 4.2 h 43
23 Across international boundary Area estimte 100
24 King Island Area estimte 4h in area 4
25 King Island t0 Nome Transect 8.1h 0
Stat ion scans 2.8 h 0
27 south of Yome Transect 3h 0
Sept enber
12 Approaching Sout heast Cape of St. Lawrence |Sl|and Transect 6.8 h 21
13-15 thirikof Basin Transect 7.0 h 0
Stat ion scans 1.5 h 2
16 South coast of St. Lawence Island Transect 5.3 h 17
Stat ion scans 1. 2h 41
17 East coast of St. Lawence Islamd Stat iom Scans 0.5h 0
18 Boxer |sland Area est imate ldin area 15
20- 23 Southeast Cape of St. Lawence Island Area estimte 4 din area 20
24 Cambell t O Savoonga; north coast of St. Lawrence Island Transect 2h 0
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included sone or all of blocks 5, 6, 7, 8, 10 and 11 surveyed by Ljungblad et
al. (1983; Fig. B-26) in 1981 and 1982. Their mean raw density estimate for
the whol e area enconpassed by these bl ocks between June and August 1981 was
0. 0125 whales/kmz, and their raw nean density estimate for July 1982 was
0. 0106 whales/km?, Total area considered in their estinmate was 62, 848
kn? +includi ng the cChirikof Basin and the west coast of St. Lawence
I sl and. Application of our July correction factor for whales below the
surface to Ljungblad et al.'s data yields an estimted 2805 whales for 1981
and 2379 whales for 1982. Ljungblad et al.'s raw density estimtes are close
to the estimate of 0.0115 whales/km? found during the present survey. The
total area of 46,860 knisurveyed during this study was smaller than the
area surveyed by Ljungblad et al. and the estimate of 1929 whales/km?
found during this study in July is correspondingly smaller.

In 1982,105 gray whales were estimated to be in the areas observed from
the ship off Southeast Cape and the west coast of St. Lawence Island in
July, and an estimated 76 whales were off the south coast and Southeast Cape
in Septenber. These results are also simlar to estimtes based on Ljungblad
et al.'s (1982) data--193 gray whales in the St. Lawmence Island area in
1981. Densities were higher in 1982 (Ljungblad et al. 1983) and application
of the correction factor yielded an estinmate of 805 whal es off Southeast
Cape. Ljungblad et al.'s (1983) coverage of the southwest and south coasts
in 1982 was insufficient for estimation.

The distribution of whales appears to have been simlar in 1981 and
1982. Surveys conducted by Ljungblad et al. (1982: Fig. B-76 and 1983:
Fig. B-64) also show high densities of whales off Southeast Cape of St.
Lawence Island, the west coast and in the south central basin, and no whales
in the northeastern or southwestern part of the basin, or close to shore
along the north coast of St. Lawence Island.

The area across the international boundary where we estinmated 100 whales
to be present is part of an area referred to as the “large kitchen-garden” by
Russian authors. In summer it may harbor up to 400 gray whal es (Votrogov and
Bogoslovskaya 1980).
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G ay whal es generally depart Russian waters in md Cctober to Novenber,
and passage out of the Bering Sea is between md Novenmber and m d Decenber
(Rugh and Braham 1979; Yablokov and Bogoslovskaya in press). The decline in
estimated whale numbers from 1929 in July 1982 to 601 in Septenber 1982 is
inexplicable in terms of what is known of their novenents. It is not known
whet her these animals noved north, west or south between July and Septenber.
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