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SUMMA.~Y 

.. ,.. 
The second coordinated U.S. - U.S.!i.R. aerial surve)rof w~lruses was 

completed in September 1980. The first was undertaken in September • 
-

October 1975. In 1980, surveys undertar.en by the U. S. side were done on 

10 to 20 September. Purposes of the sut~veys were to: develop· an estimate 

of., or index to, the size of the Pacific walrus population; obtain 

additional knowledge of walrus distribu·.~ion and changes in distribution; 

and to eva 1 uate the effectiveness of aer·i a 1 surveys f n popu 1 at ion 

assessment. 

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

On the lOth and 11th, we located the etige of the .ice pack and flew some 

transects east of Pt. Barrow. From l5 to 20 September, 40 parallel 
.. 

north-south oriented transects were f1C1Wn and theSe provided the basis for 

population calculations and most other conclusions. The transects were 

located every 30 seconds longitude begfnning at 153° W and continued . 
through 172°30 • W between latitudes 71° N and 73° N. Transects were 

of varying 1 ength between the southern edge of pack 1ce and the northern 

end where ice cover was about 100~. Whi.le flying these transects, 24,096 

walruses were stghted, ·10,522 of them within the 1/2-nautical mile (mn) 

. sample strips located an each side of the flight path. The data were 

tabulated and analyzed using programs developed by scientists at the 

National Marine Fisheries Service Marine Mammal laboratory at Seattle, 

Wash-ington. Density and population estimates were _developed using the 

same methods used by Estes and Gilbert (1978) for the 1975 survey data. 
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Walruses were found throughout the areas surveyed and the distribution 

showed extra~e clustering with an araa of high density between longitude 

166° W and 171° w. The density esti~ate for this 4,300 nm2 area was 

about 20 visible walruses per nm2• For the rema.inder of the area 

surveyed, the estimated density was less than l per nm2• 

The results of this survey indicate that ttiere were an estimated. 

140,000 plus walruses east of 173° w longitude (;t the time of the survey. 
. -

A cancurrent survey undertaken in regions west of 173° W by Soviet . 

scientists resulted in an estimate of 130,000 to 150,000, suggesting a 

total estimate of 270,000 to 290,000 Pacific wa~ruses in 1980. This 

estimate is consistent with previous estimates ~lased on aerial surveys . . \ 

which, in combination, indicate a mare than doubling of the population 

during the past two ~ades. We have great con·fide.r1ca in the indicated 

population trend, but little confidence in the accuracy of the estimates. 

The data base from which estimates of density Qnd total numbers were 

calculated is highly variable and there is no basis for estimating the 

number of walruses that are not visible because they were feeding within 

the survey area or were in the open water south of the ica. Even though 
. . 

we have little confidence in the accuracy of.the population estimate, it 

is like-ly that the actual populati.on is greater than our estimate. 

Without additional data on haul 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 populatio~ 

monitoring method. However, ·it is unlikely that even with the best of 

conditions aerial surveys can be expected to detect changes of less than 
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25% with a probability of 95%. Because there is a critical need to monitor 

the walrus population but no means other than aerial surveys are presently 

evident~ we recommend that these joint surv~ys be continued, at least 

until the method can be more thoroughly evaluated. 

INTRODUCTION 

The Pacific walrus (Odobenus rosmarus .diveraens) population has.long · 

been an important resource to inhabitants of the Chukchi Peninsula and 

western Alaska. Prior to the middle of the 19th century catche~ by··the 

coastal dwelling natives presumably had an insignificant effect on the· 

size of the walrus population. However, tt;e population was reduced rather 

quickly when whalers turned to walruses as a source of oil and ivory in 

about 1860, after they had reduced bowhead whale populations. During the 

first half of the 20th century the walrus population remained at a 

relatively loW level, but by the late 1950 1 S c:onservation measures by 

Soviets 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 sunmarized by Fay (19SZ) and are presented 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 obligation provided an additional stimulus to 

continue monitoring the walrus population. In 1973 and 1974, the Marine 

Mammal Working Group of the US/USSR Agreement on Conservation of the 

• j 
• i 
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wa 1 rus surveys at 5-year i nterva 1 !: , the first in 1975. 

By 1975, a substantial amount of infonnation had acctmlulated which 
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identified sources of variability and unmeasurable bias affecting precision __ 

I and ·accracy of results from aerial surveys. In a report of re~ults of the 
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1975 survey, Estes and Gilbert (1~~78) _addressed these problem areas in some 

detail. The three factors creating the greatest difficulties were found to 

be: (l) the vast area occupied bJ? walruses during the· survey .tinie perfod; 

· (2) the- gregarious habit of walru~\es which results in caupaCt groups with 

most ir.dividuals in contact and these groups forming large aggregations 

sometimes containing many thousantls of animals; and (3} the haul out and . . ' 
feeding cycles that appear to be synchronous. with_in large aggregations. 

Because only hauled out walruses are readily visible during surveys, the 

propcrtion of animals hauled -~~t JlWSt be known to extrapolate survey 

results to a total popu~ ation estimate. The effect of these factors is 

that population estimates based an aerial surveys are of unknown accuracy 
-· 

and are exceedingly tmpr~eise. Because ~~ estimate does not include a 

correction far walruses in the open water south of the pack ice and those 

in the water in the pack ice have a la.i proba~ility of being sight..od, an 

estimate resulting from aerial surveys ~mderestimates actual population 

size. 

Since 1975, there has been little progress in solving these 

problems. Studies of males at Round Island, Bristol Say, Alaska, have 

shown that the haul out-feeding cycle is quite synchronized for the entire 

., 

I 
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aggregation of males hauling CiUt there (S. J. Taggart and C. Zabel, pers. 

ccmm.}, but essentially nothir.g is known of the patterns of wairus use of 

ice floes for hauling out. Wdruses utilizing ice in 1 ate surrmer·early 

autumn are predominantly fema·:es, calves, and inmatures. Consequently, 

there was considerable discussion of the merits_of c_arrying out the aerial 

survey scheduled for the fall of 1980, the second joint US and USSR survey. 

Although .there were impressivf arguments against doing the survey in 1980, · 

the lack of alternative techn~ques tO monitor population status and the·:~~ 

·increasing need to de so in the face of i ndi cati ens that suggested· the : -

-populati-on was approaching its maximum size~ were sufficient to ~cr:-irig aoout• .. 

a decision in the late summer· of 1980 that the survey should be done as 

planned. . 

Rea 1 i zing that a re 1 i ab la.~ point estimate of the tot a 1 wa 1 rus popu 1 a­

tion was impossible without additional knowledge of the haul out .. feeding 
. .~ 

-cycle, the primary objective f'lf the survey was to develop an estimate of 

the lower limit to population size. Also, additional data for evaluating 

walrus population enumeration·techniques would be obtained. 

METHODS 

The methods used in an aerial survey can be conveniently divided into 

three categories: the physical chara~teristics and constraints of the 

aircraft, the distribution of sampling effort or basic survey design, and 

data collection and analysis. The major details of the survey are listed 

in Table 2. 

. ..... . : . 
·· . 
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Fliaht characteristics~ 

. There are. few suitable aircraft available for the surveys. For this 

survey, a Conquest (Cessna 441) was finally selected (Fig. 1). The 

positive characteristics of the plane included: forward-looking radar 

with a display that sh~.1Wed the ice floes; a Global Navigation System 

(GNS-500); a wide rangu of flying speeds from about 120 to about 300-

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

7 

.. maximum fl 1ght altitud\11 in excess of 30,000 ft; comfortable saat-i:ng fa~·· · · · 

observers and recorder~ and a relatively la.f cabin rraise level.·. Hawev·:~,: · · · · -· 

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

limited forward visibility through the side windows and there was ~o 

photographic capability • 

...... - . #. 

The 500-foot a 1 ti tude and the 120-140 knots speed se 1 ected for tt.te 

suryey have been standard on most of the'previous aerial surveys and both 

we~e sati?.actory. If the· base of -the cloud layer was less than 200 feet, 

· we stopped the survey 1 but otherwise f1 e'll at the a 1 titude providing the 
.. 

. best visibility between 200 and 500 feet. Most· transects were flown ·at 

the 500-foot altitudeo 

Survev Desian: 

During late sumner and fall walruses haul out on ice floes from east 

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

and the Chukchi Coast. An unknown proportion apparently go south of the 
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ice to feed, but the number in the open water may be small (Estes and 

Gilbert 1978). We did not sample the open water south of the ice. 

Our initial intent was to fly 1 or 2 days to locate the edge of'the 

solid pack and the open water and to determine the area of .the gr~atest 

8 

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

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

. Estes and Gilbert (1978) suggested that the optimtml allocation of sampling 

.. effort was about 70% in the high density area. Because -visi'bil-ity was 

poor., after 4 day~ we had no basis for stratifying the area on th~ .basi-s 

of walrus density. However,_ we had located the edge af the solid pack and 

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

·aeonsti-a{nt, we decided to survey _the entire area ircm 153°00'_ W to_~.: 

172°00 • w longitude with systematically locate~ north_.sou~h-_tr~ss~ .. 

located eve!7 30', or about 10 nm apart (Fig. 2). So far as· possible, : 

... 

.. 
westernmost transects were completed first to minimize the possibility of .. · • 

recounting animals passively moving westward ~ith the drifting ice. The 

north·sotith limits of the ~ransects were to be solid pack and open water. 

No effort was assigned to open water because of the low probability of 

sighting wa 1 ruses there . and the 1975 survey i ~Jdi catei fett wa 1 ruses were in 

the open water south of the ice edge. After all trar.,sects were CCJ!~Pleted, 

if time permitted, some transects were ta be replicated to measure daily 

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

was to be developed, was the area ~closed by connecting the ends of the 

transects (Fig. 3). 

\. 

' ., ' ' .. 

·.:·· ·~ 
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Data Rec~rd and P.nalyses: 

The longitude of each transect was predetermined with the eastern 

1 imit determined ·from results of pre 1 iminary flights and~e southern 

limit of ice was approximately known. The daily.procedure foll~~ed a 

general pattern. The first transect of a flight began by locati~g the 

southern limit of the ice, by use of radar or visually:· When the a1rcraft 

was at·the beginning of the transect, the time and location were recorded 

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

,1' .. 

the southern limit of the solid pack. At both ends and perftldically along:: · · · 

the transect, time and location were recorded. At the end of a transect, 

the p 1 ane turned'· east or west and flew to the beginning of the n~xt . . ' 

transect. Thus, in most instances, the direction of flight along 
'··:• . 
transec~ alternated from south to north and north to south. 

The survey crew included: an observer in the co-pilot position that 

observed ice conditions en the radar screen or visually, and gave the 

pilot and recorder· location of transects and positions along trcnsects; a 

recorder, two primary observers, and an alternate (Fig. 1). The primary 

observers were in the main cabin on each side of the plane locking through 

side windows. All marine mammals sighted were counted and reported to the 

rec~rder along with the perpendicular angle from the flight path. 

Inclinometers were used to determine the angles (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 

pe~iodically, or when it changed. 

'-.[· 

"II 
h •>5'".1>4 > ,> .. ,...! J 
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When walruses were in groups of more than about 20 or when numerous 

groups farmed large aggregations, the numbers of walru~es in groups were 

estima'ted in multi p 1 es of 5 • s or 10 • s. A 1 so, when 1 ar~~e aggregati ens were 

encountered, it became impossible to determine the si~ting angle to each 

group from the aircraft. Therefore, under these conditions, groups of 

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

-A and a were the. first and second quarter mile wide strips in view ·on each 

side of :the aircraft (Fig. 4). It had been determined during previ-ous · · 

sur~eys that walruses within a 1/2-mile strip on each side of .th~ aircraft .:. - ·, 

had about equal probability of being sighted (Kenyon·l972, ·Estes and· 

Gilber-t, 1978). 

• . 
Scientists at the National Marine Fisheries Service, Marine Marrmal 

Laboratory, Seattle, have made numerous aerial surveY!! in the recent past 

and have developed data record sheets and programs f01~ data analyses. We 

used the same techniq~es of recording the data and they assisted with the 

analyses. 

RESULTS 

Data collected during the aerial survey were analyzed at the 

University of Washington Academic Computer Center. Output included figures 

and tables showing the distribution of marine mammals sighted and the 

number sighted. For walruses, the output included estimates of density 

and ~opulation along with associated variances. The ·number of sightings 

of marine mammals ather than walruses was low (Table 3) and population 
·I 



l.·.c. 
1·. 

I 
I 
I 
1--

11. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1'-
1·-

I 

. . 

estimates ·were not developed for these. The results of wal,..us sightings 

wiil be dis~Jssed first. 
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.Knowledge of walrus geographic distribution i~ improving and the data 

suggest that there is a general westerly movement ::rf the ~enter of·· · .. 

ab~Jndance through August and September. Three shi~l expeditions along or 

~ithin the southern fringe of the late_ summer pack ice have indicated the 

:·-.presence of high concentrations of walru;es. .. ~ : . ; 

From August 2 to September 1, 1973, the R/V J,lpha Helix cruised . . 

within and along· the ice fringe from Long Strait r~orth of Chukchi 

Pf~"!insula, eastward to Point Barrow. A daily marine manma1 sighting log 

m~intained during that traverse of northern Chukc~i Sea showed law numbers 

of wal~ses (i a. 3.88) sighted per day between 17S0 W and 165°15 1 W. 

The numbers sighted increased greatly between 164°30 1 eastward to 161° 

w, with daily counts being 153 animals on 28 Augu~~ (noon position at 

164°15•), 554 animals on 29 August (noon po.sition at 162°25 •) and more 

than 700 animals .on 30 August (exact counts no17 possible due to heavy seas 

at the water/ice interface, noon posi·tion 161 °15•). On 3l August, . 

wal~ses sighted decreased to nine (noon position 159°55') and remained 

low eastward to Point Barrow which was reached on 1 September (Burns, 

field notes). 

~.: :: . ..,. 

·-;.-..:· 
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Between August l and 6, 1977 the U.S .. Coast Guard Icebreaker Glacier 

operated in and along the ice margin from the vicinity of Point Barrow 

(156°38' W) to 164° W. Again, walruses w£;re highly clumped with 

several thousand being sighted between 158°30' W and_l61°30.~W. Few 

walruses were sighted east or west of these long_itudes (Burns, field 

notes-). 

Another traverse of the ice fringe f~"'Cm Point Barrow westward to· 

Hera~d Is-1 and was made between 4 and 15 August 1978, aboard the Sovi'et 

12 

sea1ing/rasearch vessel Zubarevo.. Due to other tasl{s; ·no mcmmal sigttttng·: · ·· ·· 

log was maintained. However; a general d-1ily assessment of relative 

abundance.was made {Burns, field notes). Walruses were common though not 

numerous between longitudes of 159° W and 161° W. They were abundant 

in the water and on the ice from 161°30 • w to about 165° W; present 

but not numerous from 165°39 • W to 172° ~; and few were ·sighted from 
-

172° W to l75a32. (the farthest WeSt position reached en the cruise). 

During each Of these three cruises, sightings were of those walruses 

in the ice fringe and north for 2 to 4 miles.. Walruses well within the 

pack ice were not visible tc 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 ice 

margin of eastern Chukchi Sea with greatest abundance being between 162° 

and 165° W longitude. Further,· it confirmed that in comparison to the 

·- -- I 
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larga number of walruses sighted on the ice, relatively few were seen on 

transects south of the ice margin. Withirl the pack ice, walruses occurred 

in all categories of ice cover {8/8 being complete cover) though 98.6% 

were observed in the first 6 deciles of the transects, beginning at the 

ice margin to 74 Km north of it. Of 3,777 walruses counted within strip 

transects over ice, 1,264 (34.5%) were in ice of coverage of 1/8 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 af·3,869 walruses counted, both in open water 

· inmedi ately south of the pack ice and on the ice, onl-y 88 (2.3%) were i-n 

that· portion of transects south of the i~ margin (Estes and' ·-GfTbert 1978 

1 Table 1). 

I A well-known attribute of walruses is their uneven distribution. 'Not 

I 
I 
I 
I 
I 
I 
1·-

I 

only de they occur in well defined groups ai two to several hundred, with 

all animals essentially in contact within each group, but these groups 

form 1 arge- aggregations that an occasi·J!I ..:ontain several thousands and 

even tens of thousands of animals (Krogman et a1. 1979). Our data shew a 

similar pattern of di~tribution. ·curing the 1980 survey, walruses were 

sighted from about 153°30' W to 172°30 1 W longitude, the western 

boundary ai the sample space. The density of walruses ranged from 0 to 

43.9 per nm2 within the sample strips (Table 4). Transects between 

166°30' Wand 170°30' W longit4lli:! ~'lf:::tl~J .t'JJ: iJ,t!.:r.•• .,:- s.u:! ... al -- ------... ~ . . 

thousands of animals sufficiently close to each other to allow visual 

and/or auditory contact ~eng groups. Actually, as: of the total walruses 

sighted within the s~pling strips were in this area which contained about 

18% of the total sample space. The average density within this 4.300 nm2 
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area was about 19 wa1rusas prr nm2 and the estimated total number was 

84,398 (TablP. 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 tan2 (4.9 PE~r nm2) in their high density area. 
- 6::·- . ' 

- "S~ . • 
• .~~& ... :,~-. 

In addition tc these lorigitudinal differences in density, the 

14 

- latitudinal distribution of taalruses aloog the transects was not unifonn. · 

The pattern was somewhat different fran that observed in 1975. -In 1975~ 

the "si ghti ngs i ncreasea to tt~e maximum 1 eve 1 in the second. dec i 1 e of 

tr"ansects beginning at the eclge of open water. The numbers then decreasea= .. 

gradually to about the center' of the transects, with fet walruses sighted 

in the northern half of the transects. In 1980, walruses also were· not 

distributed uniformly along the transects {P <0.01-chi square). The 

number of walruses in the lstw 2nd and lOth deciles frau the ice edge were 

less than expected and app~ximately equal numbers_ were sighted in the 

north and south halves of the transects (Fig. 5). There was no clear 

longitudina-l change in this pattern. However, where the ice edge was 

c 1 ose to share, there was a high density of wa 1 ruses at the very southern 

edge of the i c:e • 

Sightings along adjacent transects support the conclusion that 

walruses generaliy occur fn large aggregations. Frequently, where 

walruses were sighted a 1 ong a transect, wa 1 ruses were sighted at about the 

same latitude on adjacent transects {Figs. 5 and 6j. Distribution and 

relative size of these aggregations are shown in Figure 6. 

' ., 
t 



~~·' 

r· 
I 
I 
I 
1-
I 
I 
I 

'I 
I 
I 
I 
I 
I 
I 
1-
I· 
I 

.. 

15 

Eve.., though walruses shO'rll extreme clustering of groups~ no really 

large groups were sighted (Table 6). The largest group contained about 

450 walruses and only 3:: groups larger than 100 were seen. Estes and 

Gilbert (1978) also saw ·fa~ large groups. The lack of large groups, 

although consistent with other observations in September, is surprising in 

view of the gregarious habits of walruses and the high density of small 

groups in some .. areas .. 

Siahtabil itv: 

Kenyon (1972) conc~iuded from his aerial surveys that walruses hau)ed 

out on ice within 1/Z-m':le strips on each side of the midline of t:anstct 

had a near 100~ probabi1ity of being seen. Estes ~d Gilbert (1978} a'lso· 

"limited their record of observations to walruses within the 1/Z-mile s·::rips 

on each side of the midHne and found equal probability of sighting wi·tnin 

the strip. We recorded all walruses sighted and for most sightings 

recorded the perpendicular angle to calculate the distance of walruses 

from the flight path. We calculated the frequency of si ghtings by grQIJPS 

and numbers of walruses for each 1/8-nm str~p (Tables 65 7 and 8). From 
. . 

these data, it 1s clear that ·the number of walruses sighted drops off 

rapidly beyond 1/Z nm. Also, group size and number of walruses signted in 

the first four 1/8-nm strips (a 1/Z-nm sampl~ strips) differed 

significantly (p <0.05-chi square). i.e., the number of individual 

walruses and group size increased with increased distance from the f1ight 

path in this 1/2-nm strip. Few single walruses were sighted beyond 1/4 

nm. The forward observer and pi1 ot observed that walruses near the 

:, I 
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t1ansect line sometimes entered the water when the plane was nearly 

overhead. Appar-ently, groups that had entered the water were unnoticed by 

the primary observers in the main cabin and this is the like~y reason for 

the lal'ler numbers of groups sighted in the first three 1/8-nm strips . 

compar~ to the fourth 1/8-nm strip. Even though observerS apparently 

missed walrus{~s near the flight path, it is clear from ·the data fn Tables 

6. and 7 that groups of all sizes had a loWer probability-of t.efng sighted 

beyond 1/Z nm .. 

... 
Daily Vari atiQ!!.: 

E'len. thotigh we were unable to replicate transec~ to det~nnine daily 

variation, we did get a hint of the variability that· existS a.mong days. 

On 10 Septembt~r. we flew an irregular transect in the area ea.st of Barrow ... 

(Fig. 7). Dul'"ing approximately 280 nm of transeCt flown., We. sighted 1,8~ 

walruses wit~:~~~~~~~ ~igb~~~gs~i:~·:·~e,are~ b~u~ded by·-·n°35' .N-

71Pso ,·· N and ~~a~>w-155°ls i ~-~-- .. cbt .. U .Sep~~~ we flew. a series 

of transects located parallel .1;0 'the edge of open water in the same area 

(Fig .. 8) and cnly ·aa- wa-lruses were si·gh~d on transects totaling 440 nm 

even though two transects t ntersected the high density areas of 10 _· 
-

September. In fact, the transect which intersects the other transects 

(Fig. 8) was the last one flown on U September and intentionally passed 

through the highest density-areas of 10 September. Also, on 20 Septe~er, 

this area was surveyed by flying systematic north-south transects covering 

380 nm and only 26 walruses were sighted. Additional data showing the 

great variability among days was obtained from a transect located at 

~' . - ' . 
1 I . 

... ::;..~-:.!,.:···\ ·. r'·:-t -..--;~·.~-~-··· : .. ·-.-
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164°30' w. On 16 Septa~ber. the north end of thjs transect was flown2 

but poor visibility and a low ceiling disrupted the flight after 28 nm. 
. . 

On this section, 1,767 walruses were sighted, 308 of these. within the 

1-mile-wi de sample strip. On 18 Septembe:-, the entire tra,nsect, 81.4 nm 
. 
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long, was flown and 117 walruses \Ere seen, 115 of these within the sample 

strip •. It: is clear from these data and other sources (Kercyon 1~7~ Estes· 

· and Gi1ber·t 1978, Wartzok and Ray 1980) .that the proportiCln of walruses : · 
. . . 

visible varies greatly. from da,y to day. We suspect this· 'is because the 

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

that nonnal daily maveuent to ather ice flows or movement of the ice would 

have been sufficient to explain the great differences in ·~ese·counts, 

especialt! those in the area east of Pt. Barrow an 10 and 11 September. 

It is hypothesized that the underlying reason causing this 

variability is the more or less synchronous hauling out-faeding cycles of 

aggregations • For ex amp 1 e, the approximately 15,000 rna 1 e: wa 1 ruses hau 1 i ng 

aut on Round Island during the summer and early fall have a predictable 

haul-out cyele that results in ccunts as low as a. few hur:;dred and highs of 

about 12,000 with approximately 10. days between high counts (S. J. Taggart 

and c. Zabel, pers. comm~). During the high ~unts af.the cycle, SO% or 

more of the marked individuals were present, suggesting that at times most 

of the animals using the area far hauling aut were hauled aut. Observa­

tions of the activity of walruses hauling aut on ice floes also suggest a 

·synchronous pattern and further, that the length of the cycle on ice is 

proba.~iy about 40 hours (Wartzolc and Ray 1980), but this estimate is based 

on very limited data and apparently the time is quite variable. 

: .· 

' ·f·.·. 
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~imates of Abundance: 

Problens a:ssociated with estimating abundance from aerial suryey data· 

were discussed at length by Estes and Gilbert (1978). The unknown and so 

far unpredictable proportion of the walruses hauled aut an ice, and thus_.· 

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

· estima~ abundance. It is known that this propartio~- vat:"ie$. sub?taoti allY: 

· w.it."'- time, as discussed in the previous section. 

" . . ... .. ... 

:. 

-1<1ethods used to estimate abundance were described:by-Estes ~d Giibe~-:-: -- ::-~· 

(1978). They u.sed two methods: first, a ratio estimator. to estimate: 

density p~r unit area which was 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 numb.er sighted. 

per transect W<lS expanded by the total number of transects pos~;ible within 

the sample space (Method 2). For each method two estimates wer·e developed, 

one using the counts of individuals to estimate density, and the second 

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

from both methods were identical but had different variances. 

We used these same methods for developing estimates from our data. 

The equations are fn Table 9. The paint estimates of abundance, estimated 

standard deviations and coefficients of variations (COV) are given in 

Table 10. Because of the difference in sightability of walruses in 

sectors A and .s, estimates were developed for each sector and for the 

poe 1 ed data. 
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Method 2, using transects as the sampling unit, is appropriate only 

if the number of walruses sighted on a transect and the area (length) of 

the transect are independent. There was a slight negative correlation in 

our data ~it the correlation was weak (r = 0.257; P = 0.11). This 

negative rt!,l ationship was caused primarily by a few long tr·ansects at the 

western end of the sample space within which walrus density was low. Ice 

was widely scattered at the southern edge of this are~ ~Q· t~er~ were few_ 
' ... ..... . . . . . . 

walruses. We do not think that the length of north-sQut.~ transects ~d 

the number of walruses sighted are dependent. 

-~ ---~-~ ... - . -. . -
• It should be noted that the estimates are not of the total number of 

·-~ 

wall"Uses east of longitude 172.030 • W, but are of the numbev· of walruses · 

visible ~nder the conditions ·of the survey and there is no correction for 

walruses ncit sighted. The Coefficients of variation of au~ estimates were 

some-what less than those of Estes and Silbert (1978). Because of ou":' 

sampling dr!sign, 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 obtain data to make a 

minimum estimate of the tot a 1 number of wa 1 ruses east of 172°30 • W 

longitude. To obtain this estimate, we took the estimate based on ~ectors 

A and 8 combined (101,213} (Table 10) and added to it the estimated 15,000 

male walruses in the eastern Bering Sea, using Round Island (Bristol Bay} 

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

total minimum estimate of approximately 115,000. 

;.. . : 

:- --· 
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It seems appropriate to point out what we cr:nsi der to be the best 

estimate from the data. To obtain this estimate, we assumed that the 

higher density observed in sector B is an appropr--iate estimate for the 

probable density. This gave an estimate for the sample space of 125,858 

(Table 10). Adcling the estimated 15,000 males from Bristol Bay gives an 

astimate of about 140,000 walruses east of l72°Ja• W. 

. 
We have no means to correct the estimates fc;r bias. The various 

.. 
sources of bias a11 tend to increase the magnitude of the underestimate. 

e:stes and Gilbert (1978) fie~ some transects over water south of the ice 

--udge and saw some walruses. ·We did not fly transects over water and 

1:herefore did not include the area of open water in our sample space. 
• 

20 

. . 

Also, it appears that even in sector B. the prt~bability of-sighting is less 

~han 1, thus reducing ou~ estimate. When these ~nown sources of bias are 

;idded to that resulting from the unknown .prt~port:lon of walruses in the 

water and not visible, the potential underestima·te may De 1 arge. 
-. 

Scientists from the USSR surveyed the Pacific walrus population in 

the area west of 172°30' W 1~gitude at approximately the same time as 

our survey. We do not have a report of their ,results but were infonned 

(Dr. Fedoseev, pers. ·ccrrm.} that they estimated 130,000 to 150,000 Pacific 

walruses in their survey area. Assuming that their estimate is reasonable 

and adding our •best• estimate, we conclude that the Pacific walrus 

papulation is no less than 250,000 and perhaps near 300,000. 
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Othe~ Marine Mammal Siahtinas: 

Generally, the observations of marine mammals other than walruses 

were too infrequent to provide significant new biological information. ·At 

the elevation flown, 500 ft, probably the only species that .could _be 

detected wit~ high reliability were belukha whales near the flight path. 

A large oncentration of belukhas was observe:i on ll September near the 

edge of the solid pack (the very northern portion of the su~vey-area) -~ 

. -:-:. nc_r-th- and east of Pt. Barrow. Eleven polar bears were si-ghted.: Several ::r : ·~ 

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

- .partially eaten. -

• 
DISOJSSION 

Joint US-U5;)~ aerial surveys of walruses were made in September- a.f-

1975 and 1980. The primary objectives of the:se surveys were to determine-.. 

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

abundance, and ta -evaluate aerial surveys as a means of determining walrus-. 

abundance. Survey results are adequate ta shaw distribution but it is · 

obvious that twa factors,· the extremely clustered distribution of walruses 

and the unpredictable and se-_mingly highly variable proportion of walruses 

visible, make it impassible to develop accurate population estimates. 

Both of these factors contribute ta the lack of precisian in survey results 

and the second factor results in an underestimate of ab~ndance. Our 

knowledge of walrus haul-out activity, though meager, leads us to conclude 

that in the near future, it is unlikely that we will be able to accurately 

.. --.:.. 

. -

-. . 
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predict the proportion of walruses visible and therefore counted during a 

survey. To do so will require a much better understanding of this activity 

than sea~s possible at this time. Assuming that this is correct, aerial 

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

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

approximate duration of the haul out-feeding cycle and ·determirii~g ff areas 

w:ith observed low density are in fact lattr density areas is essertti"at·tD-

further the evaluation of aerial surveys. - ... ~ 

···Causes of variability in density estimates needs fo- be considered iri : ·~. ·­

greater detail. There are at least three factors that contribute to · 

variabili~y in density: the gregarious habits causing the cl~ed 

distribution (a species characteristic); the spatial distribution of 

aggregations, probably related to av·af1ability of food; and the daily or 

peri ad ic changes 1 n the proportion e1f wa 1 ruses hau 1 ed out on ice and 

therefore visible, probably the result of synchronous haul out feeding 

cycles. ., 

Even though there is little reason to be optimistic that aerial 

survey results can be made more precise, with the appropriate design and 

sufficient survey flight time, the results may be adequate for management 

purposes. Since aerial surveys appear to be the only direct method of 

monitoring walrus population size, it cannot be discarded without a 

thorough evaluation. 

• 
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The major techniques for ov~rcoming the lack of precision caused by 

high variance are stratification and increased sampling effort. If ~~e 
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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, of 

the wairus population east of 173° W longitude will be found in 25% or. 

less of tl'Je total area. In 1975 1 walruses were most abundant .from 162° 

.- 165° Wand in 1980 from 16?0 30 1 W to 170°30 w. Thus, it: appears 
. 0 . . 

that during September in any givrm year, the area from. about. 162 W to- . 

about 171° W is where wal~Jses w!ll be most abundant. This area fs about 

half of the area along the ice east of 173° W. This sugges~s-~hat the~= 

sample space 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 eff~tive means of inc~asing efficiency of sampling effort. 

However, it is necessary to determine if the low density of wa 1 ruses east 

of 162° W accurately refle:ts a real condition and not merely an 

artifact of sampling variability. 

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 increa~e. The USSR has increased 

their quota for walruses from 2,000 to 5,000. Oil and gas development 

within the breeding and calving range of walruses is expected within 5 

years. A ccrrmercial clam fishery in Bristol Bay may begin in the future. 

Also, there is speculation that the walrus population may be near its 

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

temporary reduction of sustainable yield. •J . ! 
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The need to monit<lr the walrus population is obvious and, present1y, 

there is nc method to r:ubstitute 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 meast~red with precision. For example, the walrus 

population can decline yet none-of these characteristics would necessarily 

~-~·change. It is likely ~hat they change only at •high• population level~. · , .. 

. If tha characteristics do change, it can be concluded that.production-er-

survival have increaset'i or decreased. However, it would -not be clear··~hat· : 

·sustainable yield had Changed, or what management action to take :without· · · · 

knowing the populationtrend. When these factors are considered, alon:1 

with the lack of an ali:ernative method to monitor population trends, 1":'; 

appears likely that aedal surveys will be continued eve.'l though they :u·e 

imprecise. Resource m;.lnagers will probably have to be content with di:·ect 

methods of enumeration: that can detect popul atian changes of only 25, -;1r 

possibly 50% and with a reliability of less than 95% confidence. The 

actual accuracy with which aerial surveys can detect population change . 
cannot be predicted until we have a better ·understanding of factors 

causing variability", particularfy those related to the haul out-feeding 

cycle. 

·I 
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Ta~le 1--Sunmary of Estimates of the Size of the Pacific Walrus Population, 

Derived from Aerial Surveys, 1960 to 1980 

Date 

February--March 1960 

April 1960 

. March 1S6l 

April 19.58 

:April 1972 

September-october 1975 

• 

Septembu· 19SO ·· 

:. : ,_ ~' . 

Walruses (thousands) 

Counted 

3.9 

3.3 

4.9 

8.7 

9.3 

UNK 

27.3 

Estimate· 

78 - 119 

. 73 - 110 

73 - 110 

73 - 110 

85 - 162 

140 .;, 200 

Source 

. Ke;1yon (1960) 

Ke1yon ( 1960} 

KeQxan_!gnpublished) 

Ke.1yon (unpublished) --

~-Ke\'lyon (1972} :­

J. A. Estes and 

N. V. GQl'tsev 
' 

(unpublished data) 

270 - 290 )his study 

... ·.- ' -

. ·:· 

.:. 
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Table 2-~~ajor Details of 1980 Aerial Survey of Walruses 

Time Scan: 10-23 September 1980 (systematic transects 15-20 September~ 

Aircraft: Cessna 441 (Conquest) 

Base of Ooeratians: Naval Arctic Research Laboratory, Barrow, AK 

27 . 
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P,ncharage Regional Office, USFWS: 

1. Robert Jan.es· 
2. Scott Sch liebe 
3. Mindy Rowse 
4. Timothy Smith 

· uenver Wildlife Research Center, USFWS: 

1. Ancel Johnsen 
2. William Dusenberry 

Alasfia Dept. of Fish & Game: 
,. 

1. John Burns, Research, Fairbanks; (also Ctainaan, U.S. Planning & . . .. I .. Steering Com., Joint US/USSR Agreenent on En~ironmental Protection) ·· 

--- -- -·- 1i'ticnorage Airways: -~- - ·-:-:.--:-

I 
I 
I 
I 
I. 
1.­
·1· 
I 

• 
1. Walt Remele,.Pil~ 

Fliaht Characteristics: 
--------~----~~· 

l. Maximwn dtirati an of a fl i ght-5 hours 

2. Altitude--30,000 to 33,000 ft to and from transects; 500 ft on transects 

3. Flight speed-about 300 kn to and from transects; 120 to 140 kn on 
transects 

Survey Results: 

Oates of transect flights-15, 16, lS, 19:, and 20 September, 1980 
( Reconna i sance f11 ghts on 10 and U September) 

Total length of all transects-2~462.2 nautical miles (41 transects) 

Total walruses sighted--24,096 (an additional 3,206 walruses were sighted 
during recannaisance flights or while going to or from transects) . 

Total walruses within 1 mile sample strip--10,522 

Tat a 1 area. f n samp 1 e space-23, 685 square nauti ca 1 -miles 
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Table 3--Numbers ·of Each Spe1:ies of Marine Marrmal Sighted During Walrus 

Survey, September 1980. 

Date 

Species 10 11 15 16 18 _____ 19....._. _.2.0 _ Tot a 1 s · 

-----
Walr-us 1,833 as 16,826 6,399 1,035 1,095 26 27,302 

Polar Bear 1 2 2 3 3 0 0 11 

Bearde<J Seal 1 0 1 2 10 1 0 · 1s~·. 

Ringed Seal 3 0 3 4 56 4- a· 70 

Bowhead Whale 1 0 0 0 2 o~ . 6 . - . g. - -

Belukha 11 124(-i; 131 1 9 0 ~ 32:5 

• 
Total 1,850 214 16,963 6,409 1,115. 1,100 81 27,732 

a Saw a large number of beluhhas (in the thousands) an this day but data 

was nat recorded an a regu 1 ar· transect so is nat inc 1 uded in computer 

sumnarizatians. 

-------~------·---~-~~~-·-
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iable 5--Estimated Number of Walruses Visible in High Density Area 

(166°30 1 W - 170°30• W)a 

I, 
I 1- ~ ~ ~ -:~ecto~ A­

;: · -:- ;. - : _ ~Sector. B · 

.I~ ~ :. ~ -~ .;.s~; A:+_ a 

Density 

14.66 

24.56 

19.61 

Method l (Individuals) 

Std Estimated No. 

Error ·Walruses 

5.18 53,094 . -· -
·7.14 105,703 

:;. 

4.64 84,398 
: 

Std 

Error 
.. ·------· --

29933 .1 ,.. - - :. ._ - : -. - . - . - . - --- .. - .. .. - "" - ~isij..~:: ::. {. ::::..::.: :: i 
---:=~----- -- .. --- .... --- - - - .. . - - - - - ..:. ': .,;,. - - - - ::: - - = :- ! -· 

I~ 

I 
I· 
I 
I 
I 
I 
I 
I­
I· 
I 

a rune transec·ts were flown within this area on 15 and 16 -Sep-=-tember --:: ::- · -:-- - · ~ ~ :":-
. 

·19ao·, and provide the data base for these calculations. .· 
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. 
Table 6--Walrus Sightings by Group Size and Distance from Flight Path 

<1/4 

Group size 

.. 1 67 

. 2-5 102 

6-io 19 

11-25 55 

215-50 17 

51-100 l3 

100+ 3 

Distance From Aircraft - NM 

1/4 

1/2 

28 

138 

31 

59 

49 

l5 

l2 

1/2 

3/4 

·12 

22 

11 

22 

24 

15 

5 

3/4 

1 

4 

29 

l5 

38 

20 

4 

4 

. >l.' Total Total 

groups walruses 

4 115 ·115 

62 . 353 1',139 

43 119 1,041 
-
il4 248 4,804 

~~.6 156 6,035 

18 . 65 4,ns 
\. 

ll 35 6 .. 187 

1,091 24,096 
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Table 7--Walrus Signtings by Distanee from Flight Path, with Those 

·Assigned to Sectors A or B Deleted 

Strip Number Number Mean group 

groups walrusias size 

32 

- --- ---- ~-------.1-:· --- --_--_---_·-. --------

1 
I_ 

I 
I 

.1 
2· 
3 
4 

5 
6 
7 
8 
9 

.. 

lO ----

115 
124 
144 
157 

897 7.8 
2,145 17.3-
2,463 17.1 
3,533 22.5 
1,000 21.7 
2,030 36.9 
2,170 23.1 

6~·2 31.6 
\. 

2,205 26.9 
317 31.7 

1 11 ------ -u--- ---· 

46 

55 
94 

20 
82 
lO 
10 
29 
11 
22 

l.SO 15.0 
6ll ·------- - -· --21:1- .. 

I 
I 
I 
I 
I 
1·-
1'· 
I 

13 

15 
17 
19 

26 
30 

Totals 

4 
sa 
4 

3 
988 

1n. 
402 
100 

1,699 
110 

45 

20,681 

15.5 
18.3 
25.0 
29.3 
27.5 
15.0 
20.9 

a Strip • distance from -o• 1n 1/8 mile increments. For example, strip 

1 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 8 • strips 3 + 4. · 
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Table 8--Sightings of Walrus Groups with Increasing _Distance from Flight 
Line 

Accumu 1 a ted 
Strip Nurmer of Percent· of percent of Number of Avg. number 

number a groups tota 1 gps. tota 1 groups • individuals per group 

1 115 10.5 10.5 
Sector -A276 25 .. 3 -- -- ----------·-. . 

2 161 
3 144 

Sector B 332 
4 188 
5 46 

6 65 
7 94 

8 20 
9 82 

10 10 
ll 10 
12. 29 
13 ll 
15 22 
17 4 
19 sa· 
26 4 
30 3 

33 25 
Overa 11 

totals 1,091 
A & B 

totals 608 

14.8 
13.2 
30.4 
17.2 
4.2 
6.0 
8.6 
1.8 
7.5 
0.9 
0.9 
2.7 
LO 
2.0 
0.4 
5.3 
0.4 
0.3 
2.3 

100.01 

55.7% 

25.3 
38.5 

55.7 
59.9 
65.9 
74.5 
76.3 
83.8 
84.7 
85.6 
88.3 
89.3 
91.3 
91.7 
97.0 
97.4 
97.7 

. 100.0 : 

14.42 

6,542 19.70 

: ···t ;c" 24,096 · 22.09 

. . 10,522 17 ~31 
r· " r • ~ ~ 'i 

a . 
Strip • distance from •o" in l/8 mile increments. ":For example, strip l 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. 
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Table 9. ·Estimators Used in Data Ana1ysis, 1980 Walrus Survey. 

Statistic 

Method I (Individuals 

Density (R) 

Variance (R) 

Abundance (Ty) 

Variance (Ty) 

Method I (Groups) 

Density of Groups (G) 

- V~;.ance- (G) 

Mean Group Size (G) 

Variance (G) 

Tota1 Number of Groups (TG) 
... 

Varian~e (T8) 

Abundance (T Y) 

Variance (T
1

) 

Method II (Individuals) 

Mean Number per Transect (j) 

Variance (j) 

Abundance T Y 

Variance T
1 

·Estimator 

ft • tyi/tx1 . 

sR2 • (t(y12/x1) - ~ty1.JI(n-l)(tx1} 
r
1 

• Aft 

'I(Ty) ~A (A- tx1) sR 2 

.... 
. r; • tgi/Exf 

3s 2 :a D:Csi 2/.xt > - ~ tsi J/ (-n-tH tx-r>-- ---·--..... 
~ :a tyi/tgi . '. '• 1· ·. 

2 2 - . . 
:5(; :a [t(y1 lg1) ·• G t yi]/(n-l)(tg1) 
"' A r
8 

• AG · :lf.'T:i "1·· .' .. 

'~(TG) • A (A - tx1) sr/ . 
r
1 

• Ts 6 : , ~,.f;mr. · . .. · 

v(r
1

) • ; 2v(Ts> +:Ta ?,_.v(G) + vcrs)V(G) 
I . ·.·'·· 

y • tyi/n 
' 2 2 2 
sg • l}:yi' - (ty 1) /n Jl(n·l)n 

" -T • Ny 
y ' 2 

v(f ) • N(N - n)s-Y y 

!.;" ·, 



t· 
I 
I 
I 
I 
J 
I 

j_ 

I 
I 
·I 

I 
I 
I 
I 
·I 

-.1 

I 
I 

Tab1e 9 (continued) 

Statistic 

Method II (Groups) 

Mean Number of Groups 

-per Transect 

Variance g 
Total Number of Groups 

Variance TG 

Abundance Ty 

Variance Ty 

• 

35 

Estimator 

g • Eg1/n 

s9
2 • [tgi 2 - (tg1)2/n l'(n-l)(n) 

A 

. 
where: Y; • number of walruses sighted within l nm strip on 1th transect; 

x1 • length (area) of 1th transect; 

g1 • number of groups of walruses sighted_ within 1 nm strip on 

1th transect 

A • Total sample space 

n • Number of transects flown, and 

N • Total number of sample strips with lOOS sampling. 

I 

I 
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Table 10--Estimatesa of Numbers of Walruses Visible During Fall Survey, 1980 

. - ~--· 

Method I--Individualsb: 

Std .. Estimated no. Std. 
Dens it.}~ error walruses visible error coy_c 

----· -~----.. -·-----
Sector A 
Sector B 
Sector A + 8 

Method I--Groups: 

3.233 1.307 
5.314 2.004 
4.273 1.452 

76,569 . 30133 0.39 
125,858 46224 0.36 
101,213 . 32558 0.32 

Std. 

II 

-1 
I 

Estimate error ~~~--------~=-------~~v 

II 
·I 
I 
I 
I 
I 
I 
I­
I· 

I 

Mean group size 
Mean density of groups 
Total No. of groups 
No. walruses visible 

. 
Method IId--Indtviduals: 

Transer;t 
mean 

Sector A + 8 256.6 

Method II--Groups: 

Mean group size 
Mean No. group per transect 
Total No. groups 
No. walruses visible 

17.306 1.335 
0.247 0.055 
5848 1228 
101218 22584 

- ... 
.. 

Std. Estimated No.· . Std. 
error walruses visible error 

486.81 '·~ 96 238 
. ' 26906 

,._ 

Std. 
Estimate error 

17.306 . 1.335 
14.829 18.4295 
5561 1018.614 
96238 . ': . 19,175.874 

a Methods of estimating described by Estes and Gilbert (1978). 

b Total sample space equals 23,685 square nautical mrtles. 

c COV = coefficient of variation. 

d Total number of transects to completely cover sampte space fs 375. 

----W--··--~--~-----.--~---~- ~------ --~---------- --- --....... ~-----.._...-~ ----

0.22 

c.ov -
c:.28 

l 

t~ 

0.20 
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