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SUMMARY
e
The second coordinated U.S. - U.S.5.R. aerial survey of walruses was

completad in September 1980. The first was undertaken in September -
October 1975. In 1980, surveys undertaken by the U. S. s1de wern done on
10 to 20 September. Purposes of the suirveys wers to: develop an estimate
of, or index to, the size of the Pacffic walrus popu?atfon; obtain
additional knowledge of walrus distribuiion and changes in distribution; |

and to evaluate the effectiveness of asrial surveys in population

assessment.

In'1980, flights were made on 10, 11, 15, 16, 18, 19 and 20 September.

" On the 10th and llth, we located the edge of the ica pack and flew some

transects east of Pt. Barrow. From 15 to 20 September, 40 parallel
north-south orientad transects were flcwn and these provided the basis for
population ca]cu?aticns and most aother cnnc]uszons. The transects were
TOcated every 30 seconds Tongitude bngnnzng at 153o W and continued
through 172%0" H between latitudes 71° N and 73° N. Transects were

of varying 1ength between Zhe southern edge of pack fce and the northern
end where ice cover was about 100%. While f1ying these transects 24,096
walruses were sighted, 10,522 cf them within the 1/2-naut1c31 mf1e (nm)

. sample strips located on each s1de of the flight path. The data were

tabulated and analyzed using programs developed by scientists at the
National Marine Fisheries Servicas Marine Mammal Laboratory at Seattle,
Washington. Oensity and population estimates were developed using the

same methods used by Estes and éi]bert (1978) for the 1975 survey data.
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Walruses were found ihrcugheut the areas surveyed and the distribution
showed extreme clustering with an araa of high dznsity betweesn longitude
166° W and 171% W. The density estimate for this 4,300 nm2 area was
about 20 visible walruses per nme. For the remainder of the area

surveyed, the estimated density was less than 1 per nmz.

The results of this survey indicate that there were an estiﬁated.
140,000 plus walruses east of 173° u longitude «t the twme of the survey.
A concurrent survey undertaken 1n regions west of 173° W by Soviet
scientists resultad in an estimate of 130,000 tn 150,000, suggesting a
total estimate of 270,000 to 280,000 Pacific wairuses in 1980. This
estimate js consistant with previous est%nates Yased on aerial surveys
which, in cnmbfnation, indicate a more than doudling of the pupulafion
during the past two decades. We have great confidenca in the indicated
popu?ation’trend, but little confidence in the accuracy of tﬁe estimates.
The data base from which estimates of density and total numbers were
calculated is highly variable and there is no basis for estimating the
number cf'walruses that are not visible because they were feading within
the survey area or were in the open water south of the ica. Even though
we have little confidence in the accuracy cf‘the population estimate, it
is 1ikely that the actual populatiem is greatér-than our estimata.
Without additional data on haﬁl out-feeding cycles, particularly a measure
of daily variability in the number of walruses hauled out on the ice, we
cannot complete assessment of the value of aerial surveys as a population
monitoring method. However, it is unlikely that even with the best of

conditions aerial surveys can be expected to detsct changes of less than
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25% with a probability of 95%. Because there is a critical need to monijtor
the walrus population bu? no means other than aerial surveys are presently
gvident, we recommend that these joint surveys be continued, at least

until the method can be more thoroughly evaluated.
INTRODUCTION

The Pacific walrus (Odobenus rosmarus diveraens) population has Tong '

been an important resource to inhabitants of the Chukchi Peninsula and

. western Alaska. Prior t6 the middle of the 19th century catches. by the
"coastal dwelling natives presumably had an insignificant effect on the -
size of the walrus population. However, the population was reduced rather
quickly when whalers turned to walruses as a source of 0il and jvory in
about 1860, after they had reducad bowhead whale populations. Ouring the
first half of the 20th century the walrus population remained at a
relatively low level, but by the late 1950°s conservation measures by
Saviets and Alaskans sufficiently reduced the take and the population
began to increase. From 1960 through 1975, several aerial surveys were
made in an attempt to estimate the size and to follow the increase of the
walrus population. The results of these surveys and other estimates have
been summarized by Fay (1982) and are prssented in Table 1. Passage of
the Marine Mammal Protection Act in 1972 obligated the Fish and Wildlife
Service to submit to Congress an annual report of the status of the
Pacific walrus. This obTTQation provided an additional stimulus to
continue monitoring the walrus population. In 1973 and 1974, the Marine

Mamnaj Working Group of the US/USSR Agreement on Conservation of the
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Environment agreed that the two ccuntries should conduct joint aerial

walrus surveys at S-year interval¢, the first in 1975.

By 1975, a substantial am.c:untj of information had accumulated which

identified sourcss of variability and unmeasurable bias affecting precision _

and accuracy of results from aerial surveys. In a report of results of the
1975 survey, Estes and Qﬂbert (1478) addressed these problem areas in some
detail. The thres factors creating the greatest difficulties were found to
be: (1) the vast area occupied by walruses during the survey time period;
(g) the gregarious habit of walruses which results in compact groups with )
most irdividuals in contact and tliese groups forming large aggregations
somet imes containing many thousands of animals; and (3) the haul out and
feading cycles that appear to be synchronous within large aggregat%cns.
Becausa only hauled out walruses are readily visible during surveys, the
proper<ion of animals hauIed out iaust be known to ex*rapola..e survey
results to a total populatwn estmate. The erfect of these factors is
that population estmztes based on aemal surveys are of unknown accuracy
and are exceAd'mg'ly mrecisa.’ Becausa the estmate dces not include a
correction for wa’truses in the open water sauth of the pacx ice and those
in the water in the pack ice have a low pmbatgi?ity of being sighted, an
estimate resulting from aeria} surveys underestimates actual population

size.

Sinca 1975, there has been 1ittle progress in solving these
problems. Studies of males at Round Island, Bristol Bay, Alaska, have

shown that the haul cut-feeding cycle is quite synchronized for the entire
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aggregation of males hauling cut there (S. J. Taggart and C. Zabel, pers.
comm.), but essentially nothirg is known of the pattefns of walrus use of
icz floes for hauling out. Walruses uti]iiing ice in late summer-early
autumn are predominantly fema‘'es, calves, and immatures. Consequently,
there was considerable discussion of the merits of carrying out thé aerial
survey scheduled for the fall of 1280, the second joint US and USSR survey.
Although there were impressive arguments against doin§ the survey in 1980,
the lack of alternative techniques to monitor populatioh stat{z_s an& thé' B
-increasing need to do so in the face of indications that suggested~the?4‘
population was approaching its maximum size, were sufffciént tc’briﬁg about’
a decision in the late summer of 1980 that the survey should be done as

planned.

Realizing that a reliable point éstimate of the tnta1 walrus popula-
tion was 1mpess1b1e w1thcut aiditional knnw?edge cf the hau] out-feeding
cycle, the primary obaective nf the survey was tn develcp an estimate of
the lower 11m1t to population s1ze. Also, add1t1onal data for evaiuatxng »

walrus population enumerat1on technxques wou]d be obta1ned.
METHODS

The methods used in an aerial survey can be conveniently divided into
three categories: the physical characteristics and constraints of the
airecraft, the distribution of sampling effort or basic survey design, and
data collection and analysis. The major details of the survey are listad

in Table 2.
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Fl1ight characteristics:

There are few suitable aircraft available for the surveys. For tm‘;
survey, a Conquest (Cessna 441) was finally selected (Fig. 1). The
positive characteristics of the §1ane included: forward-locking radar
with a d‘is;ﬁ‘{ay that she,méd the ice floes; a Global Navigation System
(GNS-500); a wide range of f;ly'ing speeds from about 120 to ébaut SQ(} o

knots; twin turbine engines; de-icing equipment; pressurized cabin and a - -

- ..maximum flight altituds in excess of 30,000 ft; comfartable seating fo-

observers and recorder; and a relatively low cabin noise Tevel. - Howevar, -

. the aircraft was less than ideal because the main observers had only

limited forward visibility through the side windows and there was no

. photographic capability.

The SUO—foot alt‘ttude and the 120-140 knots spead se1ef'ted for the

survey have been stam:ard on most of the prevmus aerial surveys and both

* »were satis? actory. If the base of the cloud layer was less than 200 feet,
- We stopped the survey, but othem'ise flew at the altitude providing tie
. best \nsihﬂity between 200 and 500 feet. B_!ost ‘transects were flown at

the Sﬂﬁ-fcat a.‘it'itude.,

- Survey Desian:

Quring ‘Iate summer and fall walruses haul out on fce floes from east

of Pt. Barrow west along the Toose pack to the vicinity of Wrangle Island

- and the Chukchi Coast. An unknown proporticn apparently go south of the

RNV
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sconstraint, we decided to survey the entire area from 153°00' W t3.

A
R T

ice to feed, but the number in the open water may be small (Estes and

Gilbert 1978). W=z did not éample the open watar south of the ice.

Qur initial intent was ta fly 1 or 2 days tu Tocate the edge of the

solid pack and tha open watar and to determine the area cf the greatest

 density. Then the sample space was to be surveyed by 1ocat1ng transects

so that 60% to 70% of the effort would be in the area of greatest density.

_Estes and Gilbert (1978) suggested thaﬁ the optimum allocation of sampling . ..
: effort was about 70% in the high density area. "Because-visfbility was . e el

poor, after 4 days we had no basis for stratifying the area on tha.basis - = -
of walrgs density. However, we had located the edge of the solid pack and

open water. Sinc2 autumn storms are frequent and time was a significant

172°00" W longitude with systematically located north-south tramsects -~
located every 30', or about 10 nm apart (Fig. 2). ASg far.as'pcésible, - - ';gL_; -t
westernmost transects were completed firsf to minfmize thenéosszTIity of B -f‘--;
recounting animals passively moving westward w1th the drzftxng ice. The -
north-south Timits of the transects were to be solld pacx and open water.
No effort was assigned to open water_because of the Tow prabab111ty of
ﬁ@ﬁmwﬂmﬁsmwgmdmewﬁswmymﬁwmﬁkwmkmﬂwmem
the gpen water south of the ice edge. After all transects were completad,
if time permitted, some transects were to be replfcated to measure daily'

variability. The sémple space, or area for which an abundance estimate

was to be developed, was the area enclosed by connecting the ends of the
transects (Fig. 3). ‘

R oL e mtai e
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Datz Record and Analyses:

The longitude of each transect was predetermined with the eastern
limit determined from results of preliminary flights andg/éte southern
limit of ice was approximately known. The daily procedure followed a

general pattern. The first transect of a flight began by locating the

- southern limit of the ice, by use of radar or visually. When the aircraft

was at:-the beginning of the transect, the time and lacation were recorded

and the transect was flown. The north end of transect was approximately

the sauthern limit of the solid pack. At both ends and perindically along

the transect, time and location were recorded. At the end of a transect,
the pIana.turnedieast or west and flew to the beginning of the next
transect. Thus, in most instances, the direction of flight along

transeets alternated from south to north and nerth to south.

The survey crew included: an observer in the co-pilot position that
observed ice canditi;ns on the radar screen or visually, and gave the
pilot and ‘record'er' location of transects and positions along trinsects; a
recordsr, two primary ohservers, and an alternate (Fig.'l). The primary
observers were in the main cabin on each sidé of the plane loocking through
side windows. All marine mammals sighted wers counéed and reported to the
recurder along with the perperidichlar angle from the flight path.
Inclincmeters were usad to determine the anglés (Fig. 4). The recorder
noted the time to the nearest 1/10 second, recorded the species, number in

group, sight angle and time. The amount of ice cover was recorded

~ periodically, or when it changed.

e ales e o s ot
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Nﬁen walruses were in groups of more than about 2} or when numerous
groups formed large aggregations, the numbers of walruses in groups were
estimated in multiples of 5's or 10's. Also, when large aggregations were
encountered, it became impossible to determine the sigiiting angle to each
group from the éircraft. Therefore, under these conditions, groups of

walrusass were recorded as being within sectors A, B, or outside. Sectors

-A and 3 were the first and second quarter mile wide strips in view on -each

ﬁide of the aircraft (Fig. 4). It had been determined during pre%icué'
surveys that walruses within a 1/2-mile strip on each:side of the aircraft
had about equal probability of being sighted (Kenyom 1972, -Estes and- -- --: .
Gilbert, 1978).

Scientists at the National Marine Fisheries Service, Marine Mammal
Laboratory, Seattlé; have made numerous aerial surveys in the recent past
and have developed data record sheets and programs for data analyses. We
used the same techniques of recording the data and they assisted gith the

analyses.
RESULTS

Data collected during the aerial survey were analyzed at the .
Universiﬁy of Washington Aca&emic Computer Center. Output included figures
and tables showing the distribution of mariné mammals sighted and the
number sightad. For walruses, the output included estimates of densify
and population along with associated variances. The number of sightings

of marine mammals other than walruses was low (Table 3) and population
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estimates ‘were not develaped for these. The results of walrus sightings

wiil be discussed first.
Distribution:

Knowledge of walrus geographic distributicn-ia improving anq the d;ta
suggest that there is a general westerly movement uf the center of - -
abundance through August and September. Three shio expeditions along or

- within the southern fringe of the lata summer pack ice have indicated the

.- prasence of high concentrations of walruses. I S L

Frcm_August 2 to September 1, 1973, the R/V Alpha Helix cruised
within and along the ice fringe from Long Strait raorth of Chukchi ;
Peninsula, eastward éo Point Barrcﬁ. A daily marine mammal sighting log
miintained during that traverse of northern Chukchi Sea Shﬂwéd Tow numbers
of walruses (x = 3.88) sighted per day between 17§°Aw and 165°15' W. o
The numbers sighted increased greatly between 164%30° eastward to 161°
W, with da&ly counts being 153 animals cn.28 August (noon position at
164915'), 564 animals on 29 August (noon pdsit’icm at 162925') and more
than 700 animals .on 30 August (exact coﬁhts hog possible due to heavy seés
at the water/ica interface, noon position 161°15'). On 31 August, -
walrusas sighted decreased to nine (noon pasition 159°55') and remained
Tow eastward to Point Barrow which was reached on 1 September (Burns,

field notes).
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Between August 1 and 6, 1977 the U.S. Coast Guard Icebreaker Glacier
operated in and along the ice margin from the vicinity of Point Barrow
(156038' Ni to 164° W. Again%’walruses were highly c¢lumped with
several thousand being sighted betwesn 156°30* W and_161%30" W. Few
walruses were sightad east or west of these longitudes (Burns, field

notes.).

Another traverse of the ice fringe from Point Barrow westward’to-.
Herald Island was made between 4 and 15 August 1978, dboard the Sdviet ~ - )
sealing/research vessel Zubareve. Due to other tasks,; no mammal sighting " -
log was maintained. However, a general daily assessment of relative
abundance.was made (Surns{ field notes). Walruses were common though not
numerous between longitudes of 153° W and 161° W. They were abundant
in the water and on the ica from 161°30" W to about 165° W; present
but not numerous from 165°39' Q to 172° & and few were sighted from

172° W to 175%32' (the farthest west position reached on the cruise). -
During each 6f these three cruises, sightings were of those walruses
in the fca fringe énd north for 2 to 4 miles. Halruses.we11 within the

pack ica were not visible to shipboard observers.

"~ The U.S. walrus survey conducted in 1975 provided information of

~ walrus distribution. That survey effort (Estes and Gilbert, 1978)

confirmed that high concentrations of walruses occurred near the ica
margin of eastern Chukchi Sea with greatest abundanca being between 162°

and 165° W longitude. Further, it confirmed that in comparison to the
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large number of walruses sightsd on the ice, relatively few were seen on
transects south of the icz margin. Withirn the pack ics, walruses occurred
in all categories of ice céver (8/8 being compiete cover) though 98.6%
were observed in the first 6 ceciles of the transects, begimning at thg
ice margin to 74 km north of it. Of 3,777 walruses counted within strip
transects over icz, 1,264 (34.5%) were in ice of coverage of l/é to 3/8 of
the sea surface, 2,279 (60.3%) in 4/8 to 7/8 ice cover and 234 (6.2%) in
8/8 ice cover. Of a total of 3,869 walrusés counted, both in open water

- immedi ately south of the pack ics and on the ice, only 88 (2.3S)~wére in
that portion of transects south of the ics margin (Estes and GiTbert 1978
Table 1).

A well-known atiribute of walruses is their uneven distribution. Not
only do they occur iﬁ well defined groups of two to several hundred, wifh
: all animals essentially in cnntéct within each group, but these groups
form larger aggregations that on occasiun <ontain several thousands and
even tens of thousands of animals (Krogman et al. 1979). OQur data show a
similar pattern of distribution. Ouring the 1980 survey, walruses were
sighted from about 153°30° W to 172°30' W longitude, the western
boundary of the sample space.. The density of walruses ranged from O to
43.9 per m? within the sampla strips (Table 4). Transects between
166°30' W and 170%30* W Tongituda rev33134_3qéijéfatans.J?_sevefaT .
thousands of animals suff{éiently close to each other to allow visual
and/or auditory contact'amang gfoups. Actually, 85X of the total walrusas
sighted within the sampling strips were in this area which contained about

18% of the»total sample space. The average density within this 4,300 nmz
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arez was about 19 walruses per nm2 and the estimated total number was
84,398 {Tabla 5). During aerial surveys in 1975, walruses were most
abundant from 162° W to 165° W longitude and Estes and Gilbert (1978) -
reported 1.43 per km? (4.9 per nmz) in their high density area.

In addition to these lorgitudinal differences in density, the

" Jatitudinal distribution of walruses along the transects was not miform.”
The pattern was somewhat different from that observed in 1975. ~In 1975,
the sightings increased to the maximum level in the sacond decile of
trinsacts begimning at the edge of open water. The numbers then decreased -
gradually to about the center of the transects, with few walruses sighted

in the northern half of the transects. In 1980, walruses also were not
distributed wmiformly along the transects (P <0.0l-chi square). The
 number of walruses in the 1st, 2nd and 10th deciles from the ice edge were
o less than expected and apprqx%mately equal numbers were sighted 1n'the

north and south halves of the transects (Fig. 5). There was no clear
longitudinal change'in this pattern. However, where the ice edge was .
close to shore, there was a high density of walruses at the very southern

edge of the ice=.

Sightings along adjacent transects support the conclusion that
walruses generaliy occur in large agéregations; Frequently, where
walruses were sichted along a transect, walruses were sighted at about the
same latitude on adjacent transects (Figs. 5 and 6). Distribution and

relative size of these aggregations are shown in Figure 6.
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Even though walruses show extreme clustering of groups, no really
large groups were sichted (Table 6). The 1argest group contained about
450 walrusas and only 3% groups larger thankIDO were seen, Estes and
Gilbert (1878) alsc saw few large groups. The lack of large groups,
although consistent with other observations in September, is surprising in
view of the gregarious habjts of walruses and the high density of smaI1A

groups in some areas.

Sightability: <

Kenyon (1972) conciuded from his aerial surveys that walruses hauied
out on ice within 1/2-mile strips on each side of the midline of transect
had a near 100% probability of $eing sesn. tes and Gilbert (1978) aiso’
‘Timited their record of observations to walruses withinAthe 1/2-mile srips
an each side ofvthe midiine and found equa]yprobability of sighting within
the strip. We recorded all walruses sigﬁtéd'an& fcrrﬁbst ﬁfghtings
recorded the perpendicular ;ngle to calculate the distance of walruses

from the flight path. We calculated the frequency of sightings by groups

and numbers of walruses for each 1/8-nm strip (Tables 6, 7 and 8). From _‘

these data, it is clear that-the number af'walruses sighted drops off
rapidly beyond 1/2 mm. Also, group size and number of walruses sighted in
the first four 1/8-nm strips (= 1/2-nm sample strips) differed
significantly (p <0.05-chi square), i.e., the number of individual
walruses and group size increased with increased distance from the flight
~ path in this 1/2-nm strip. Few single walruses were sighted beyond 1/4

nm. The forward observer and pilot observed that walruses near the

B
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transect line sometimes entered the water when the plane was nearly
overhead. Apparently, groups that had entered the water were unnoticed by
the primary observers in the main cabin and this is the likely reason for
the lower numders of groups sighted in the first three 1/8-mm strips -
compared to the fourth 1/8-nm strip. Even though observers apparently
missed walrusas near the flight path, it is clear from the data in Tables
6 and 7 that jroups of all sizes had a lower probabiTity of Leing sighted
beyond 1/2 mm.

Daily Variation:

Even. thot: gh we were unab1e to rephcate transects to detarmine daily
variation, we d1d get a hint of the var1ab1'l1ty that exists among days.
On 10 Septemb(_r, we ﬂew an 'n-regu'iar transect in the area east of Barraw
(F1g. 7). Dux mg appmxmately 280 nm of transect f'lmm, we sighted 1, 833
walruses mth numennns s1ght1ngs in the area bounded by 71°35' N—

71%50" N and 154° 15- ¥--155 15? M. 0n 1 September, we flew a series

of transects located paraﬂel to the edge of open water in the same area
(Fxge 8) and eniy 88 wah'uses were sighted on trarsects totahng 440 nm
even thaugh two transects 1ntersected the h1gh density areas of 10 -
September. In fact, the transect nhich intersects the other transects
(Fig'. 8) was the last one flown on 11 September and intentionai'iy passed
through the highest_dens_'lty'areas of 10 September. Also, on 20 September,
this area was surveyed by flying systematic north-south transects cover‘ing.
,380 nm and only 26 walruses were sighted. Additional data showing the

"great variability among days was obtained from a transect located at
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164°30" W. On 16 September, the north end of this transect was flown,

but poor visibility and a Tow ceiling disrﬁpted the flight after 28 nm.

On this section, 1,767 walrusas were sighted, 308 ;f these within the
i-mile-wide sample strip. On 18 September, the entire transect, 81.4‘nm
]oﬁg, was Tlown gnd 117 walruses were seen, 115 éf thesa within the sample
strip. It is clear from these data and other séurces (Ker:yon 1972, Estes
and Gilbert 1978, Wartzok and Ray 1980),ﬁhat the proporticn of walruses .
visible varies greatly from day to day. We suspect fhis'is because thé

number of walruses hauled out on the ice varies greatly. It is unlikely

"that normal daily movement to other icz fliows or mcvemént of the ice would

have been sufficient to explain the great differences in “hese.counts,

especially those in the area east of Pt. Barrow on 10 and 11 September.

A

t i3 hypothesized that the underlying reason causing this

variability is the more or less synchronous hauifﬁg out-faeding cycles of _] o

aggregations. For example, thé approximately 15,000 male walruses hauling
out on Roqnd Island during the summer and early fall have 5 predictable
haul-out cycle thdt results in counts as low as a few hurdred and highs bf
about 12,000 with épproximatély 10 days between ﬁigh counts (S. J. Taggart
and C. Zabel, pers. cnmm;?. During the higﬁ counts of the cycle, 80% or
more of the marked individuals were present, suggesting that at times most
of the animals using the area for hauling out were hauled out. OhserVa-
tions of the activity of walruses hauling ouﬁ on ica floes also suggest a
synchronous pattern and fﬁfther, that the length of the cycle on ice fs
probably about 40 hours (Wartzok and Ray 1980), but this estimate 1s‘based
on very limitad data and apparently the time is quite variable.

R TIT
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Estimates of Abundance:

13

Problems associated with estimating abﬁndance from aerial survey data’
were discussed at length by Estes and Gilbert (1978). The unknown and so
far unpredictable proportion of the walruses hauled out on ice, and thus -

readily visible, creates the greatest difficulty when-attempting to . - .- -~ .. . .-

- astimate abundance. It is known that this proportion. varies.substantially. :-: :-

with time, as discussed in the previous section. T TR b

. - z - .o . - - - -
- = - 2 ‘- S - .

--.  -Methods usad to estimate abundance were described:by-Estes and Gitbert:-- -: :--:-

(1978). They used two methods: first, a ratio estimator to estimate: - - -~ ---
density per unit area which nas‘then expanded to the total sample space -

(Method 1); and second, a method using the number of walruses on a

transect, the transect being a sampling unit. The average numter sighted.

per transect was expanded by the total number of transecﬁs passible within

the sample space (Methad 2). For each method two estimates were developed,

one using.;he counts of individuals tﬁ estimate density, and the second

using mean group size and the number of groups. The estimates resulting

from hoth methods were identical but had different variances.

We used these same methods for developing estimates from ocur data.
The equaticns are in Table 9. The point éstimates of abundanca, estimated
standard deviations and coefficients of variaficns (cav) are given in
Table 10. Because of the difference in sightability of walruses in

sectors A and B, estimates were developed for each sector and for the

'pOOTed data.
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A

Method 2, using transects as the sampling unit, is appropriate only
if the number of walrusas sightéd on a transect and the arza (length) of
- the transect are independent. There was a slicht negative correlation in
our data but the correlation was weak (r = 0.287; P = 0.11}. This
~ negative relatiqnship was caused primarily by a few ]pqg tﬁansacts at the
western end of the sample space within wnich walrus ¢ensity'was Ioﬁ; gce
was widely scatiered at the southern edge of this area qu;t@eré were few
walruses. We do not think that the Iehgth of ncéth-sguts @;ansects and
the number of walruses sighted are dependent. |

. It should be noted that the estimates are nat of the totgl numher‘gf .

walruses east of longitude l}2°30' W, but are of the numbsy» of walruses.
gj§j§lg_dhder the conditions of the surveﬁ and there is no correction for
walruses nat sighted. The coefficients of variation of our estimates were
somewhat less than those of Estes and Gilbert (1978). _Becéuse of our
sampling design, it is not appropriate to develop estimates from the data

collected each day since they are generally area specific.

A primary objective of the survey was to abtain data to make a
minimum estimate of the total number of walrusas east of 172°30" W
Tongitude. To obtain this estimate, we took the estimate based on sactors
A and B combined (101,213) (Table 10) and added to it the estimated 15,000
male walruses in the eastarn Bering Sea, using Rcdnd Island (Bristol Bay)

as a haul-out area (S. J. Thggart and C. Zabel, pers. comm.) giving a

total minimum estimate of approximately 115,000.
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It sesms appropriats fo point out what we ccnsider to be the best
estimata from the data. To obtain this eétimate, we assumed that the
kigher density observed in sector 8 is an appropriate estimatas for the
probable density. This gave an estimate for the sample space of 125,858
(Table 10). Addingvthe estimated 15,000 males from Bristol Bay gives an
éstimate of about 140,000 walruses east of 172°3G" W.

-
-

We have no means to correct the estimates far bias. The various '
sourcas of bias all tend to increase the magnitude of the underestimate.

Estes and Gilbert (1978) flew some transects over water south of the ice

' ¢dge and saw some walruses. -We did not fly transects over water and

herefore did not include the area of open water in our sample spacs.
Alsa, itiéppears that even in sector B. the probahi1if§76?—sightingkis less
zhan 1, thus reducing our estimate. When thesa known saurces of bias are
added to that resulting from the unknown proportion of ﬁa]ruéeé in the -

water and not visible, the potential underestimate may be large.

Scientists from the USSR surveyed the Pacific walrus population in
the area west ofv172°30’ W To&gitude at approximataely the same time as
our survey. We do not have a fepurt of their .results but were informed
(Or. Fedoseav, pers. comm.) that they estimated 130,000 to 150,000 Pacific
walruses in their survey area. Assuming that their estimate is reasonable
and adding our "best® estim.ate, we conclude that the Pacific walrus

populaticn is no less than 250,000 and perhaps near 300,000.
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QOther Marine Mammal Sichtinas:

Generally, the observations of marine mammals other than walruses
wera too infrequent to provide significant new biological informatian; At
the elevation flown, 500 ft, probably the only species that could be
detected with high reliability were belukha whafes near the flight path.
A large concentration of belukhas was observed on 11 September near the
- . edge of the solid pack (the very northern portion of the sutvey-aréa)-ﬁ oot
--. north and east of Pt. Barrow. Eleven polar bsars were sighted.: Several:g;:'t

of -these were at or in the vicinity of unidentifiable carcasses that were ™: < .

- partially eaten. _ -
DISCUSSION

Joint US-USSR aerial surveys of walruses were made in September af -

1975 and 1880. The primary objectives of these surveys were to determine.. -~

walrus distribution along the edge of the ice pack, to estimate walrus

abundance,' and to evaluate aerial surveys as a means of determining walrus. : ...

abundancs. Survey results are adequate to show diétributian but it s’
obvious that two factors, the extremely cTusﬁeyed distribution of walruses
and the unpredictable and seemingly highly variable proportion of walruses
visible, make it impossible to develop accurate population estimates.

Both of thesas factors contribute to the Tack of precision in survey results
and the second factor results in an underestimate of abundance. OQur
knowle;ge of walrus haul-out activity, though meager, Ieadsius tﬁ conclude

~ that in thea near future, it is unlikely that we will be able to accurataly

......

Nt s racurc s ol |



- further the evaluation of aerial surveys.
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predict the proportion of walruses visible and therefore counted during a
survey. Tao do so will require a much better understanding of this activity
than seems possible at this time. Assuming that this is correct, aerial

surveys cannot be used to develop reliable point estimatas of abundance.

However, they may provide a usable index of population size. Knowing the

approximats duration of the haul out-feeding cycle and ﬂetarmiﬂing_if areas -

with observed low density are in fact low density areas is essentiat to~ =~ -

- Causes of variability in density estimates needs to be considéred in - -
greater detajl. There are at least three factors that contribute to
variability in density: the gregarious hébits'causing the clumped \
distribution (a species characteristic); the spatial distribution of
aggregations, probably related to availability of food; and the daily or
periodic changes in the proportion ¢f walruses hauled out on ice and
therefore visible, probably the resvlit of synchronous haul cut feeding

cycles.

Even though thére is little reason to be optimistic that aerial
survey results can be made more precise,'wifh the appropfiate design and
sufficient survey flight time, the resuylts may be adequate for managemert
purposes. Sinca aerial surveys appear to be the only direct method of
monitoring walrus population size, it cannot Ee discarded without a

thorough evaluation.
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The major tachniques for overcoming the lack of precision causec by
high variance are stratification and increased sampling effort. IT we
assume that the data from 1975 and 1980 correctly reflect walrus distribu-
tion, it is clear; that in a given year a major portion, 75% or more, df
the walrus population east of 173° W longitude will be found in 25% or

less of the total area. In 1975, walruses were most abundant from 162°

.. - 165° W and in 1980 from 1656°30 W to 170930 W. Thus, it. appears

that during September in any given year, the area from. about. 16_20 W tc-' -

about 171° W is wheres walrusas will be most abundant. This area is about

_half of the area along the ices east of 173° W. This suggests. that the ..

sample spaca can be stratified p-ior to beginning a survey and it may be

possible to stratify further during the survey. Stratifying the sampling
space is an effective means of increasing efficiency of sampling ef\fart.

However, it is necessary to determine if the low density of walruses east
of 162° W accurataly reflects a real condition and not mes*el;#r an

artifact of sampling veriability.

Several conditions indicate an increasing need to know the trend of
the walrus population. The harvest by Alaskan natives has nearly doubled
since 1978 and is likely to continue to incfea“se. The USSR has increased
their quota for walruses from 2,000 to 5,000. 011 and gas development
within the breeding and calving range of walruses is expected within 5
years. A commercial clam fishery in Bristol Bay may begin in the future.
Also, there is speculation that the walrus population may be near its

maximum laevel which, when it is reached, will result in at least a

 temporary reduction of sustainable yield.




survival have increased or decreased. However, it would not be clear that : ~.::.
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The ne=d to monitor the walrus population is obvious and, presently,
there is nc methéd to substitute for aerial surveys. Information such as
body condition, reproduction rates, and feeding habits can be obtained
from harvested walruse%. However, such data cannot be easily interpreted,
even if it can be measured with precision. For example, the walrus

population can decline ye? none- of thesa characteristics would necessarily --

- change. It is likely that they change only at "high® population levels. -

. If the characteristics do change, it can be concluded that .productién™er ~ ° -~ -

- -

'sustainable yield had @hanged, or what management action to fake -without " =°% = -:i0°

knowing the population trend. When these factors are considered, alongy =~ = -

with the lack of an alternative method to monitor population trends, i:

- appears I%kely that aeial surveys will be continued even thndgh they are -

imprec%se. Resource minagers will probahly have to be content with direct -
methods of enumeraticnfthat can detect population changes of only 25, ar

possibly S0% and with a reiiability of less than 95% confidence. The

actual accuracy with uﬁich aerial surveys can detect population change

cannot be predicted un;il we have a better understanding of factors

causing variability, particulariy those related to the haul out-feeding

cycle,
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Table 1--Summary of Estimates of the Size of the Pacific Walrus Population,

Derived from Aerial Surveys, 1960 to 1980

Walruses (thousands)

Date Counted Estimate | Source -
February-March 1960 3.9 78.- 119 . Keayon (1960)
April 1950 3.3 73-110 - Keayom (1960) it :-
March 1961 X 73-110  Kenyen_(unpublished)
Apri1 1958 8.7 73 - 110 Keayon (unpublished) - -
- Aprit 1872 | 9.3 85 - 162 +Keayon (1972}7° -+
September-Octaber 1975 UNK 140 < 200  J. A. Estes and
. N V. Gol'tsev
A (unpublished data)
September 1980 27.3 270 - 20 ‘

‘This study

- s
s,
.
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Table 2--Major Details of 1980 Aerial Survey of Walruses

Time Soan: 10-23 September 1980 (systematic transects 15-20 September)

Aircraft: Cessna 441 (Conquest)

- o o————

Basa of Operations: Naval Arctic Resaaréh Laboﬁatory, Barrow, AK

~SUFvey Team:
Anchorage Regional Office, USFWS:

1. Robert Jones
2. Scott Schliehe
3. Mindy Rowse

. - _ 4, Timothy Smith

Denver Wildlife Research Center, USFWS: o

1. Ancel Johnson
2. William Dusenberry

W:

Alaska Dept. of Fish & Game:

1. Joha Burns, Research Fairbanks; (also Chairman, U.S. Planning & M"
Steering Com., Jo1nt US/USSR Agresment orn Envircnmental Protectian}

. wa

" " "~ Fncliorage Airways: ) : ‘;_.;;

1. Walt Remele, Pilot.

Fliaht Charécteristfcs: ' _ ﬁf‘{iiii
1. Maximum diration of a flight—-5 hours . ':w )
' 2. Altitude—30,000 to 33,000 f% to and from transects; 500 ft on transectsl

3. Flight speed-——about 300 kn to and from transects, 120 to 140 kn on
transacts . .

Survey Results:

Dates of transect flights--15, 16, 1§, 19, and 20 September, 1980
(Reconnaisance flights on 10 and 1 September)

Tatal length of all transects—-2,462.2 nautical miles (41 transects)

Total walruses sighted—-24,096 (an additional 3,206 walruses were sighted A
during reconnaisance f11ghts or while going to or from transects) o ]

Total walruses within 1 mile sample strip-lo,szz

Tatal area in sample space-23 685 square nautical miles




Table 3--Numbers -of Each Species of Marine Mammal Sighted During Walrus

Survey, September 1380

, Date \

Species 1o 11 15 16 18 _..19 __20 _ Tetals
Walrus 1,833 88 16,825 6,399 1,035 1,095 26 27,302
Polar Bear 1 2 2 3 3 o o 11
Bearded Seal 1 0 1 2 10 1 0 157
Ringed Seal .3 o 3 4 56 & 0 70
Bowhead Whale 1 0 c 0 2 -0 -6 -
Belukha 11 1265 13 1 9 0 49 - _. 325
Total 1,880 214 15,963 6,409 1,115 1,100 81 27,732

d saw a large number of belukhas (in the thousands) on this &ay but data

was not recorded on a regular transect so is not included in computer

sumarizations.




Tanle de-3ummary of Wdalrus Sightings on Transecss 1980 Walrus Survey
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Table 5--Estimated Number of Walruses Visible in High Density Area

(165°30* W - 170%0" w)?

Method 1 (Individuals)

o Std Estimatad No. Std
e Density Error “Walruses Errgnr ________ L
D17 T lSector A- 14.66 5.18 63,0 7. 2M85 .. _ - Il%
= - <. Sector B- 24.58 7.14 105,703 ;29_9_33.;1.-' - '-:' -S4
lii--iSactor A+B 19.61 4.64 ga,308 -~ 1smpiiillllocl

1980, and provide the data bése for these calculations.

~ % Nine transects were flown within this area on 15 and 16 S

épft.embér -
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Table 6--Walrus Sightings by Group Size and Distance from Flight Path

Distance From Aircraft - NM

<iL/4 /4 172 34 >l Total  Total
- Group size : 1/2 3/4 1 groups  walruses
1 67 28 12 4 4 15 -115
. 25 102 138 2 29 2" 33 1,13
- 6-10 18 3 1 15 B us 1,08
i Li-25 55 59 22 38 2 248 4,800
. 250 17 9 24 2 46 15% 6,035
- 51-100 13 15 15 4 8 8 4,775
100+ 3 12 5 4 i B 6.187

1,091 24,096

S ——
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Table 7--Walrus Sightings by Distance from Flighat Path, with Those
"Assigned to Sectors A or B Deletad

Strip Number Numbes Mean group
numher? , "gruups - walrusas ‘ size B
1 115 - 897 , 7.8
2. 124 2,185 17.3
3 144 2,463 C17.4
4 157 3,533 : 22.5
] 5 46 1,009 o 2.7
6 55 2,039 36.9
7 94 - 2,179 - 23.1
8 20 622 31.6
9 82 2,205 26.9
-1 T 10 317 31.7
11 10 B0 - 15.0 .
I 29 611 T TNy T
13 u 171 15.5 oo
15 2 402 18.3 .
17 4 100 . 25.0 S
19 58 1,669 29.3 B
26 ] 10 27.5
30 3 . a5 15.0
Totals 988 20,681 20.9

2 Strip = distanca from "0® in 1/8 mile increments. For example, strip
l1is 0 - 1/8 mile on either side of plane, strip 2 is 1/8 - 2/8 mile on
either side, etc. Sector A = strips 1 + 2; Sector B = strips 3 + 4.
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TabIe( 8--Sightings of Walrus Groups with Increasing Distance from Flight
Line ‘ | |

o ' Accumulated S
Strip Number of Percent of persent of Number of  Avg. number
number? groups = total gps. total groups ° individuals per group

1 115 10.5 - 10.5
Sector A 276 25.3 : Lo T T
2 161 14.8  25.3 3,980 . 14.42
3 144 13.2 38.5 : ' -
Sector B 332 30.4 _
4 188 17.2 §5.7 . 6,542 19.70
5 46 4.2 59.9 :
6 65 6.0 65.9
7 94 8.5 745 - |
8 . 20 1.8 76.3 2 SN
g 82 7.5 83.8 AT
10 10 0.9 8.7 gt
11 10 0.9 85.6 . ruu
12. 29 2.7 83.3
13 il 1.0 89.3
15 22 2.0 91.3
17 4 0.4 . eL7
19 " 8 5.3  97.0
: 4 0.4 7.4
30 3 0.3 -97.7 o
a3 25 2.3 -100.0 - SRR
overall o e
totals 1,091 100.0% D 24,006 . 22.09
A48 y g e e
totals 608 55.7% ... .52 1731 o

3 Strip = distance from "0" in 1/8 mile increments...For example, éi:r-ip 1l is
0 - 1/8 mile on either side of plane, strip 2 is 1/8 - 2/8 mile on either
side, etc. Sector A = strips 1 + 2; Sector B = strips 3 + 4.

g o TR Er oo e e B o —y o s .
B R N N S R R I e e A R N S Y S A R e G Rt At
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Table 9. * Estimators Used in Data Analysis, 1980 Walrus Survey.

Statistic

'Estimator
Method I (Individuals \
Density (R) fia Eyilzx . -
- Variance (R) RZ [E(.Y1 /x1) - ﬁzyill(n-l)(mti)

Abundance (Ty) .
Variance (Ty)

" Method I (Groups)
Density of Groups (G)
- === -—. — Variance. (G)
Méan Group Size (&)

Variance (€)

Total Numﬁer of Groups (TG)
Variance (‘fs) ,
Abundance (Ty)

Variance (Ty)

Method II (Individuals)
Mean Number per Transect (¥)
Yariance (¥)
Abundance T

e i g v

'P‘Aﬁ
";f(T)’A(A-:X)SR

EE 891/2::1 '

3& = g 2”‘ ) - -8 Zsill(n-l)(z:em)---—_____ i,

5 - ‘“'31/ 391
f’-‘yf fgﬂ - G z % lltn-n(xg )
:G 2 A T

9Ty = A (A - Ix,) 55
Ty = TG g %f-;f nny
nf,) = GZV( fg) +Tg 2@ + V(T v

3 gy T

-KY,i/n

"Y' ' Eyi - (xyf)z/n]/(n-l)n
._Y
v(f ) = N(N - n)'sy2
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Tahle 9 (continued)

Statistic Estimator

Method II (Groups)

Meén Number of Groups

-per Transect g = Igy/n :

Variance ¢ sg--2 = [Xgiz - (g, /n ¥{(n-1)(n)

Total Number of Groups ?G = NJ
A 2

Variance TG Y.(TG).. N(N - n) sg )

Abundance Ty ‘ ‘ Ty = TG G ‘

Variance Ty : v(f) = Bw(T.) + T.2V(E) + W(T.)V(E) :
Y . V'@ & G

wheré: ¥; = number of walruses sighted within 1 nm strip on ith transect;

Fod
—de
']

length (area) of ith transect;
g9, = number of groups of walruses sighted within 1 nm strip on
ith transect ' |

>
u

Total sample space

n

Number of transects flown, and .
N = Total number of sample strips with 100% sampling.
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Table 10--Estimates? of Numbers of Walruses Visible During Fall Survey, 1989

Method I--Individualsb:

Std. Estimated no. Std. "
Density error walruses visible error cove
T T Sector A 3.233 1.307 . 76,569 - - 30133 0.39
Sector B 8.314 2.004 125,858 46224 0.36
Sector A + B 4.273 1.452 101,213 - 32558 0.32
Method I—Groups: ' | ' ' -
Std.
Estimate error cav
Mean group size 17.306 ' 1,335
Mean density of groups 0.247 0.055
Total No. of groups 5848 : 1228 SRS
No. walruses visible ' 101218 22584 0.22
Method IId—Individuals: 3 A _
Transect Std. Estimated No.~ Std. V ﬁ.}%iéf
mean _error walruses visible error oy _~ -
Sector A + B 256.6 486.81 “96,238 26906 (.28
Method II--Groups: o :’ |
Estimate : error ) M
Mean group size ‘ 17.306 :, . 1.335 .
Mean No. group per transect 14,829 - 18.4295
Total No. groups . 5561 1018.614
‘No. walruses visible 96238 - © . ) 19,175.874

2 Methods of estimating described by Estes and G{lbert (1978).
‘D Total sampile space equals 23,685 square nautical miles.

C COV = coefficient of variation. .

d Total number of transects to completely cover sample space is 375.
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FIGURE 2. LOCATION OF TRANSECTS AND THE DIRECTION FLOWN, DURING 1980 WALRUS SURVEY
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FIGURE 8. TRANSECTS FLOWN AND LOCATIONS OF WALRUS SIGHTINGS

EAST OF PT. BARROW 11 SEPTEMBER 1980
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