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INTRODUCTION 

The first meeting of Japanese and American scientists to discuss Dall 

porpoise research was held in Tokyo in April, 1978. During the meeting 

a sub-committee on sighting studies examined the problems of collecting 

sighting data from research vessels, and agreed to adopt a format for 

sighting survey on porpoises. The format is attached in Appendix 1. 

Japanese side conducted porpoise sighting survey by use of nine 

·- · salmori research ves_sels under the agreement of·· the meeting in the northern 

part of the North Pacific in 1978, and the sighting data sheets which were 

collected Q.IUI sent already to US side. 

Dall porpoise research program was planned to continue for three years, 

1978-1980, and 1978 is only the first year of the program. Then, this 

paper is a preliminary report to review the porpoise sighting reports for 

the development of the sighting program in the second year. 

We are indepted to the crew of the research vessels which were carried 

out the porpoise sighting for their co-operation. 

MATERIALS 

Cetacean sighting was carried out by crew of Japanese salmon research 

vessels during navigation time when the vessels moved from an operation 

point or port to the next point in the day time, and the crew recorded 

on each item of the format sheet (Appendix 1). A total of 610 data sheets -were collected from nine research vessels. US observers were on board of 

some research vessels, and they engaged in research on more detailed items. 
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They are hoped to report on their research result. 

Japanese salmon research vessels which were engaged in porpoise 

sighting are shown in Table 1. Nine vessels made 18 cruises during the 

period from May 10 to September 14, and covered the area of 38°N-60°N 

and 141°E-152°W. 

The research items are as follows as shown in Appendix 1: 

1. Date 
2. Starting location 
3. Ending location 
4. Distance traveled for sighting 
5. Time of sighting 
6. Time of last sighting 
7. Location of sighting 
8. Cetacean species 
9. Number sighted 

10. Direction from vessel 
11. Distance from vessel 
12. Weather conditions at the time of sighting 

a. Weather 
b. Visibility 
c. Wind direction 
d. Wind force 
e. Water temperature 
f. Air temperature 

13. Remarks 

This paper will examine the sighting res~lts by use of these research 

items in 1978. 

RESEARCH DISTANCE 

Cetacean sighting was conducted during navigation, and so research distance 

represen1:$the sighting effort of the research vessels. 

Figs. lA-lF show the research distance in each 2°1atitude X 5° longitude 

unit square in May-September and total. Starting and ending locations were 

recorded in the data sheets, and there was no data on the distance in each 

unit square. Then, we regarded the middle point of these two location as 

the location of the research in the examination. The research effort was 

not equally distributed in the total area and total season as shown in 

Figs. lA-lF and Table 2. Total research distance was 36,505 miles. 
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CETACEAN SPECIES SIGHTED 

It is rather difficult to identify the species of swimming cetaceans 

even by an experience9 biologist without close approach to the school. 

The researchers and crew of the research vessels had not always long 

experience on the cetacean species identification, and a good field book 

for the species identification was not available in each research vessel. 

Furthermore, the vessel was not conducted to approach a school sighted for 

the species identification of the school. 

Table 3 shows cetacean species sighted by Japanese research vessels. 

Seven species of smaller and middle sized cetaceans were recorded. Large 

sized cetaceans and other marine mammals were not recorded. This may be 

caused that this research was aimed to observe the smaller- cetaceans mainly 

Dall porpoise, and Japanese observers may miss-understand these animals were 

-not needed to be recorded. It should be conducted for research vessels to 

observe and record all the species of marine mammals in future research. 

Among the unidentified species there were many cases in which only 

"iruka (Japanese name of dolphins and porpoises)" were recorded. Dall 

porpoise is common for the_ poeple who are related with salmon fishery. 

Examining other data such as water temperature, many of "iruka" are 

·.:~. estimated to be Dall porpoises;. More effort viill be hoped for the observers 

to identify the cetacean species as good as possible. 

The name of "kamiyo" was recorded in 50 cases among 41i schools of 

Dall porpoises sighted. "Kamiyo" is a local name of Dall porpoise in 

Tohoku ' Region, but it is impossible to identify the type of Dall porpoise 

only by this record, for "kamiyo" includes all the types of Dall porpoise. 

Then, they were classified into the type-unidentified Dall porpoise in this 

paper. There may be some possibility that some truei-type Dall porpoises 

were recorded as "ishiiruka", because it is a species name 

simultaniously dalli-type name of Dall porpoise in Japanese. But they were 

classified into dalli-type of Dall porpoise in this paper. It will be 

needed to separate types of Dall porpoise as correct as possible, and should 

be recorded by types (dalli-, truei and black-types and type unidentified) 

in the case of Dall porpoise in future work. 

There was no record of black-type Dall porpoise, nor record on the 

mixing of two or more types of Dall porpoise in a school. 

One case of mixing of Pacific white-sided dolphins and right whale 
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DISTRIBUTION OF CETACEANS 

Figs. 2A-2F show the distribution of cetacean species sighted in each unit 

square by month, and Fig. 3 shows the positions of Dall porpoise schools 

sighted. They were all plotted by the records of position of each school 

sighted. 

As shown in Fig. 3, truei-type Dall porpoises were abundant in the 

south-western part of the research area. This type was found at 175°E 

as the most eastern case in the present result. Ohsumi (1975) noted 

a school of this type w"s recorded to be entangled by salmon gill-net of 

research vessel at the position of 166°E, and Kasuya (1978) recorded the 

same type Dall porpoise at 168°E. Then, the present case was the most 

eastern example of distribution of truei-type Dall porpoise in the North 

Pacific. The northern limit of distribution was 47°N in the present result. 

Ohsumi (1975) showed the same result, but Kasuya (1978) reported it was 49°N. 

The sub-arctic boundary is shown in Fig. 3, and it ~be estimated 

that Dall porpoises is a cold water mass species, for · they were seldom 

·.:~ .. distributed in the south of the sub-arctic boundary. Then, it !J~ be 

estimated the southern limit of Dall porpoise is the sub-arctic boundary. 

Dalli-type Dall porpoises were sighted all the waters of the research 

area. The northern limit of dalli-type was 58°N in the present result. 

According to Ohsumi (1975), there was no record of incidental catch of Dall 

porpoise in the waters north of 6O°N, although there were experimental 

operations of salmon gill-net fishery by research vessels in the waters north 

of 6O°N in the Bering Sea. The porpoise sighting was carried out in the 

waters south of 6O°N. Further sighting research will be needed to confirm 

the northern limit of distribution of Dall porpoise. 

Table 4 shows the time of day when cetaceans were sighted. There were 

no records of navigation time, but it may be estimated that there is no 

trend to be sighted frequently in the navigation. 

Table 5 shows surface temperature of waters in which cetacean schools 

were sighted. Dall porpoises were found in the waters from 1°C to 21°C. 

Dalli-type was dominant in the waters 3-15°C, on the other hand, truei-type 

was dominant in more warmer waters of 7-16°C. 
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Figs~ lA-lF show the Dall porpoises sighted per navigation mile 

in each unit square by month. It~ be estimated Dall porpoise is not 

distributed equally in . the research area. 

SCHOOL SIZES 

Table 6 shows the school size of cetaceans which were sighted by research 

vessels. The largest school size was 100 individuals in Dall porpoises, 

but according to the remarks of this school, it was composed with several 

sub-schools. The mode of school sizes was at 2 in both types of Dall 

porpoise, and the schools of 2 individuals occupied 28.6 % of total schools 

of Dall porpoise observed. Kasuya (1978) describes that the basic unit of 

the school of Dall porpoise is probably 2 or 3 individuals, and the school 

with more individuals will be aggregation of the basic school. The school~ 

of 11 individuals and more were only 1.7% of total schools sighted in the 

case of Dall porpoises, and the average school size was 3.9 individuals in 

the present result. 

Relating with the school size, it will be interesting to examine the 

number of Dall porpoises entangled in an oper~tion of gill-net fishery for 

the estimation of escaping behavior of Dall porpoise school. Table 7 shows 

the number of Dall porpoises entangled by salmon gill-net in one operation 

of research vessels and commercial vessels which attached to pelagic salmon 

fishing fleets in 1978. Salmon research vessels use about U8 tans of several 

meshed gill-nets, and about 100 tans of the net are commercial mesh size 
-\30 11et of 

(110/\mm). Most of porpoises were recorded to be entangled by the~commercial 
~ -esh s ,' 3k' 

-ae-t (except one case). Commercial fishing vessels use salmon gill-net of 

about 330 tans. The maximum number of Dall porpoises which were entangled 

by gill-net in one operation were 4 and 5 in the case of research and 

commercial vessels, respectively, and one porpoise occupied about 90 % of 

the incidental catch ~in an operation. The frequency of entangling of Dall 

porpoises is much less than school compositon of this species. The compari

son of frequency distributions of school size and entangling in an operation 

indicates that most of individuals of a school can escape from the gill-net, 

when a school of Dall porpoise meets the gill-net. It is impossible to 
flit. 

to estimateArate of entangling of the Dall porpoise from the present data, 

but considering the possibility that there is the case when 
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all the individuals of a school escaped from the net, and two and more 

schools meet the net in one operation, the actual rate of entangling of 

Dall porp~ises with gill-net~ be very low. Field observation will be 

needed to understand the escaping behavior and estimate the entangling rate 

of the Dall porpoise. 

The measured body lengths of 7 Dall porpoises whi~h were entangled by 

salmon gill-net of research vessels were 140-175 cm. Estimating from the 

growth curve of Dall porpoise by Kasuya (1978), they will be less than 

2 years of age. This may suggest that younger Dall porpoises apt to be 

entangled more frequently than older ones. 

DIRECTION AND DISTANCE OF DALL PORPOISES FOUND FROM VESSELS 

Fig. 4 shows the plots of Dall porpoise schools _sighted from research vessels. 
-

It will be clear that angle of visibility spreads 90° in both side of the 

vessels, and the chance of finding of the schools decreases with the distance. 

Fig. 5 shows the frequency of angles of the schools sighted from the vessels. 
M-~ ,ff-r,.Jt-

The chance of finding of the schools was unexpectedly low~ anti the left and 

right were not symmetry. The schools were most frequently sighted at left 

50° and right 30°. Three schools were found at the angles over than 90°, but 

they were found within 20 m from vessels. 

It is rather difficult to determine the range of effective sighting 

angle. Although the probability of finding of cetacean school reduces at 

the marginal angles as Doi (1974) examined, about 7 % of Dall porpoise 

schools were found at the angle of 90°, and the most distant position from 

the vessels was 1,000 min the angle. Therefore, we determine the range of 

effective sighting angle is 90° for the salmon research vessel in this 

paper. 

Table 8 shows the distance of schools of Dall porpoises found from the 

research vessels. The maximum distance was 3 miles (5,600 m), but the schools 

which were found in the distance of 1,800 m and over were less than 1.5 % of 

total schools found, and 42 % of schools were found within 50 m from the 

vessels. 

The range of sea visi~ility was recorded to be 5-8 miles (10,000-15,000 m) 

for the salmon research vessels, the effective distance of porpoise sighting 

is far less than the seas visi~ility. 
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ESTIMATION OF POPULATION SIZE OF DALL PORPOISE 

Doi (1974) developed the method of estimation of whale population size by 

means of whale sighting. We will try to estimate population size of Dall 

porpoise applying his theory using the present sighting data in 1978. His 

theory is attached to Appendix 2. 

The following data are needed in his theory: 

V = Velocity of vessel 
T = Diving duration of whales 
t = Limit of visual range 
e1= Angle of whole visual range 

Values of V are different by vessels, and they are ranged from 8 to 12 

knots for the salmon research vessels. In this paper, we set it to be 10 

knots. The information on the value of T for the Dall porpoise was not 

available for us. Then, we calculate by use of 5 cases of T as shown in 

Table 9. In the former chapter we estimate e1value to be 90°. 

We estimate.( value to be 0.9 miles after 

the examination as will be described later. 

Thus, we calculate P(average sighting rate) from Doi (1974)'s formula. 

The result is shown in Table 9. The values o~ P decrease with the prolong 

of diving duration, · and they change from 0.99 to 0.85 with diving duration 

changes from i to 5 min. However, these theoretical values are different 

from actual data as Doi (1974) examined. Then, we must modify the theore

tical value by the actual data. 

The probability of sighting in the direction of the right angle from 

the movement of vessel should be examined in Doi's theory, so that the 

distance at each angle must be converted to that at the right angle. Following 

equation is used for the conversion: 

D' = D Si)'\. a 

where, Dis distance of school from vessel at the angle a, and D' is the 

converted distance in the right angle. Table 10 shows the converted distance 

which was come from Table 8. Thus, average number of Dall porpoise schools 

in unit distance was calculated as shown in Table 11. Fig. 6 shows the frequency 

distribution of schools sighted in each 10 m distance. It is clear that 

the probability of finding Dall porpoise school decreases rapidly with distance 

from vessel,when the distance is longer than 20 m. The average modification 

rate will be calculated from the following equation: 
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g(x) = 

X S
O 

1
f(x) dx 

~ 
xl 

dx 
0 . 

where, g(x) is average midification rate, xis distanse converted to the 
IW\,;{ ;'s . 

right angle, x1 is limit of visual range, f(x) probability of finding in 
/\ .... . 

a distance x. The value of g(x) was calculated to be 0.049 in the case of 

Dall porpoise by salmon research vessels. 

Then, the modified average sighting rate is estimated by use of the 
/\ 

following equation: 

P = P•g(x) 

The result is shown in Table 9. 
it 

The probability of siac:ling of Dall porpoise 

school will be estimated to be 0.042-0.049, if the diving duration is 1-5 

min. 

Doi (1974) further examined the finding rate was also related with 

actual visual angle of observers, blowing time at surface waters, anglar 
llM,~ 

velocity of observers,Anumber of observers. These informations were not 

available for this study. According to Doi (1974), this correction factor 

is 0.26-0.54 under the condition of 2 observers engaged.in sighting of larger 

whales. Collection of above information will be needed for the Dall porpoise 

sighting by salmon research vessels. 

Population size of Dall porpoises which are distributed in the research 

area can be estimated by use of the following formula: 

where, N is population size, n is number of Dall porpoises sighted, A is 

size of area, pis average finding rate, x1 is limit of visual range and 

Lis navigation distance. 

Fig. 7 shows the size of area in each unit square in the research area. 

Fig. lF shows navigation distance and number of Dall porpoise sighted by 

research vessels in each unit square. As the value of P we use 0.046 in 

this paper. The true value of P should be less than 0.046, and probablly 

half of this figure, but we did not use it here. Thus, the population size 

in each unit square was calculated by use of above formula and figures. 

Fig. 8 shows the result. The total population sizes in the total research 

area were estimated to be 1,238,300 porpoises. 

If the correction factor of finding rate is 0.5, the population size 
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becomes 2,477 thousands. Furthermore, the research area did not cover 

all the life range of Dall porpoises in the North Pacific, and the total 

life range of this spe~ies will be more than twice of the research area in 

1978. Simplly estimating under the assumption that population density of 

Dall porpoise in the waters outside of the research area, the total population 

size of Dall porpoises in the North Pacific will be about 5 milion individuals. 

DISCUSSION FOR FUTURE .STUDY 

The research area in 1978 did not cover all the life range of Dall porpoise. 

It will be needed to expand the research area, especially in the waters 

east of 17O°W, Bering Sea, Okhotsk Sea and Sea of Japan. The co-operation 

of porpoise sighting by the countries will be essencial for this research. 

Species identification is one of the fundamental part of the sighting 

research. Suitable manual should be available for each research vessel for 

correct identification of cetacean species, and feasibility of approaching 

to the schoo~to identify the species, when it is found, should be discussed 

in this meeting. The approaching is also important to count the number of 

individuals in the school. 

The observation of swimming behavior such ~as diving duration and 

blowing time is needed for the estimation of population size of the porpoises. 

The information on the number of observers, anglar velocity, visual angle 

of observers, etc., should be also measured in the future research. 

It•will be ideal for all research vessels to navigate with the same 

speed during the sighting. 

The weather conditions such as wind force, visibility and water temperature 

during the sighting navigation will be useful to correct the effective 

navigation distance of research vessels. 

Some revision of the data format may be examined in this meeting to 

collect more useful data. 
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Table 1. Japanese salmon re~earch vessels engaged in porpoise sighting in 1978. 

Name Tonnage Horse Naviga- Dates surveyed Area covered Remarks power tion order 

Hokuho 436 640 1 May 10 - Jun. 22 40°N-47°N, 144°E-178°E 
2 Jul. 5 - Aug. 20 40°N-47°N, 140°E-172°W us observers aboard 

Hokusei 273 610 1 Jul. 22 - Aug. 10 39°N-48°N, 150°E-175°E us observers aboard 
Hokushin 220 570 1 May 12 - Jun. 19 40°N-50°N, 144°E-177°W 

2 Jul. 4 - Aug. 2 40°N-51°N, 144°E-177°E 
Iwaki 220 510 1 May 10 - Jun. 25 38°N-50°N, 144°E-168°E 

2 Jul. 9 - Aug. 1 42°N-52°N, 171°E-174°E 
Iwate 243 580 1 May 15 - Jun, 22 , 39°N-51°N, 142°E-178°E 

2 Jun, 26 - Aug. 1 42°N-52°N, 144°E-177°W 
Kumamoto 295 690 1 May 11 - Jun. 27 39°N-51°N, 144°E-180° 

I-' 2 Jul. 3 - Aug. 2 42°N-51°N, 144°E-168°E 
I-' 

Oshoro 1,120 2,000 1 Jun. 7 - Aug. 3 41°N-60°N, 141 °E-152°W US observers aboard 
Riasu No. 2 425 510 1 May 10 - Jun. 11 40°N-48°N, 144°E-172°E 

2 Jun. 18 - Jul. 30 39°N-59°N, 140°E-176°W 
3 Aug. 15 - Sept. 14 39°N-52°N, 142°E-176°E 

Toou 134 550 1 May 11 - Jun. 3 38°N-45°N, 144°E-156°E 
2 Jun. 9 - Jul. 1 40°N-46°N, 145°E-160°E 
3 Jul. 9 - Jul. 30 41°N-50°N, 144°E-163°E 
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Table 2. Monthly research distance and cetaceans sighted 
Japanese research vessels in 1978. 

Month Distance ,Cetaceans sighted Cetaceans per mile 
(miles) Dall Others Dall Others 

May 7,523 209 157 0.028 0.021 
June 11,614 438 67 0.038 0.006 
July 13,332 539 630 0.040 0.047 
August 3,386 411 1,495 0.121 0.442 
September 650 10 0.015 0.000 
Total 36,505 1,607 2,349 0.044 0.064 

Table 3. Cetacean species sighted by Japanese research 
vessels in 1978. 

Species name Schools Individuals 

Phocoenoides dalli 413 1,607 
dalli-type 317 1,163 
truei-type 46 270 
type-unidentified 50 174 

Phocoena phocoena 3 51 

Lagenorhynchus obliquidens . (S) 11 486 

Lissodelphis borealis (R) 2 33 

S + R 1 ca.500 

Delphinus delphis 4 932 

Orcinus orca 1 2 

Globicephala ~- 1 2 

Unidentified smaller cetaceans 52 343 

Total 488 3,956 
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Table 4. Time when cetacean schools were sighted. 

O'clock Dall porpoises Others Total 

03 7 7 
04 18 6 24 
05 22 3 25 
06 36 6 42 
07 36 9 45 
08 45 5 50 
09 55 10 65 
10 27 7 34 
11 28 6 34 
12 27 5 32 
13 23 9 32 
14 38 3 41 
15 26 4 30 
16 10 2 12 
17 5 5 
18 4 4 
19 7 1 8 

Table 5. Surface water temperature in which cetacean 
schools were sighted. 

Temperature Dall :eor:eoise 
H L R C K p u Total (OC) D T DT To. 

0.8- 2 2 2 
2.8- 24 1 6 31 9 40 
4.8- 52 2 15 69 7 76 

-· 6.8- 62 6 11 79 2 1 8 90 
8.8- 92 5 10 107 1 1 6 115 

10.8- 38 5 5 48 5 9 62 
12.8- 28 16 3 47 1 5 9 62 
14.8- 14 9 23 2 25 
16.8- 2 2 4 1 1 6 
18.8- 2 2 1 3 
20.8- 1 1 1 4 1 7 
22.8-

Remarks: 
D:dalli-type, T:truei-type, DT:type unidentified, H:Harbor 
porpoise, L:Pacific white-sided dolphin, R:right wh~le dolphin, 
C:common dolphin, K:killer whale, P:pilot whale, U:unidentified 
smaller cetaceans. 
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Table 6. School sizes of cetaceans sighted by research vessels. 

School Dall :eorEoise Qtbex: cetaceans 
size D T DT Total H L R L+R C K p u Total 

1 33 5 9 47 3 3 
2 90 14 14 118 1 1 1 1 6 10 
3 66 8 13 87 1 1 9 11 
4 39 9 3 51 1 4 5 
5 39 5 4 48 1 7 8 
6 22 1 1 24 1 4 5 
7 11 1 12 1 5 " 6 
8 7 1 1 9 4 4 
9 1 1 

10 5 4 9 1 5 6 
12 2 1 3 2 2 
15 1 1 2 2 4 
20 1 1 2 
25 1 1 2 
30 1 1 2 2 
40 1 1 1 1 
50 1 1 

100 1 1 -
350 1 1 
500 1 1 
900 1 1 

Total 317 46 50 413 3 11 2 1 4 1 1 52 75 

Remarks: Notations of species names are the _same as in Table 5. -
~~ 3 ,i 

~ 
Table 7. Numbers of cetaceans entangled by salmon gill-net 

in one operation in 1978. 

Number of Research vessels Factory shi:e fishery 
cetaceans Dall Harbor Total Dall Harbor Killer Total 

1 18 1 19 399 1 1 401 ~J;J 
2 2 2 ,n ... 42 42 'l£..1.l,M, 

3 3 3 f ~ ., 
4 1 1 '/- /.f 
5 1 1 i..S t, 

Total 21 1 22 445 1 1 447 
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Table 8. Distance of cetacean schools sighted by research 
vessels from the vessels in 1978. 

Distance Ilirection from yes§el 
(m) oo 10° 20° 30° 40° 50° 60° 70° 80° 90° 100° 140° 160° Total 

0 7 2 3 1 2 1 16 
10 1 3 5 5 2 6 2 1 4 3 1 34 
20 2 5 11 3 6 2 5 1 6 1 1 43 
30 4 3 9 7 7 2 · 2 3 3 40 
40 1 2 2 1 4 10 
50 3 7 10 6 10 2 4 3 2 47 
60 1 1 1 3 
70 2 1 2 2 1 8 
80 2 1 1 1 5 
90 1 1 

100 8 4 10 8 7 1 2 3 2 45 
120 1 1 2 
150 1 2 3 5 3 4 1 1 1 2 23 
200 2 2 9 7 4 8 3 5 3 43 
250 1 2 1 1 5 
300 1 1 4 2 9 11 2 3 33 
400 1 2 2 5 
500 1 3 3 2 2 1 1 1 3 17 
600 1 1 2 
700 1 1 1 3 
800 2 1 1 1 5 

1,000 2 2 2 2 2 1 1 1 13 
1,500 1 3 1 5 

-~ 2,000 1 1 ·- 2 
3,000 1 1 
5,000 2 2 
6,000 1 1 

Total 18 34 51 78 55 78 20 22 26 28 1 1 1 413 

Average 191 465 201 246 169 225 244 188 175 145 
(m) 

Table 9. Estimation of rate of sighting of Dall porpoise 
by salmon research vessels based on Doi (1974)'s 
theory. 

V=lO knots, 1=0.9 miles, 0 =90° 1 (1. 57 radian) 

Diving 
00 

,-..; 

duration zo XO Yo p p 

(min.) 
(radian) 

1 0.17 0.88 0.17 1.36 0.99 0.049 

2 0.33 0.84 0.33 1.20 0.97 0.048 

3 0.50 0.75 0.50 0.59 0.94 0.046 

4 0.66 0.61 0.66 0.82 0.90 0.044 

5 0.83 0.35 0.83 0.40 0.85 0.042 

Remarks: Notations are shown in text. 
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Table 10. Estimation of distance of Dall porpoise schools 
at right angle of movement of vessels. 

Distance 
(m) oo 10° 20° 30° 40° 50° 60° 70° 80° 90° Total 

0 18 5 8 6 2 1 40 
10 11 8 11 5 6 2 1 4 3 51 
20 8 7 11 10 13 2 5 1 6 63 
30 4 4 10 6 4 2 2 3 3 38 
40 3 3 10 16 
50 1 3 11 1 3 2 4 3 2 30 
60 8 1 10 
70 9 1 10 
80 5 1 7 1 14 

100 4 4 7 3 1 2 3 2 26 
120 4 4 1 9 
150 2 3 2 1 8 1 1 1 2 20 
200 1 9 2 3 5 3 23 
250 3 3 11 1 1 19 
300 2 1 2 2 2 3 12 
400 2 2 4 
500 1 1 1 1 1 1 3 9 
600 1 1 2 
800 3 1 1 1 1 7 

1,000 1 1 1 3 
1,500 1 1 1 3 ··· ... 
5,000 1 1 

Total 18 34 51 78 55 78 20 22 26 28 410 

Table 11. Average number of Dall porpoise schools in 
unit distance from vessels. 

Distance 10 m Schools Schools/10 m Relative 
(m) classes 

0-10 2 91 45.5 0.9010 
20-30 2 101 50.5 1.0000 
40-70 4 66 16.5 0.3267 
80-120 5 49 9.8 0.1941 

130-220 10 43 4.3 0.0851 
230-320 10 31 3.1 0.0614 
330-750 43 15 0.35 0.0069 
760-"l,250 50 10 0.20 0.0040 

1,280-1,750 50 3 0.06 0.0012 

Total 409 
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Fig, 1B,Sighting distance 
(miles, upper), Dall porpoises 
sighted (middle) and porpoises 
per distance (lower). 
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Fig. lC,Sighting distance 
(miles, upper), Dall porpoises 
sighted (middle) and porpoises 
per distance (lower). 
July, 1978 
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Fig. lD. Sighting distance 
(miles, upper), Dall porpoises 
sighted (middle) and porpoises 
per distance (lower} . 
Aug, 1978 
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Fig . lE. Sighting distance 
(miles, upper), Dall porpoises 
sighted (middle) and porpoises 
per dis t ance (lower) . 
Sept, 1978 
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Fig. lF, Sighting distance 
(miles, upper), Dall porpoises 
sighted (middle) and porpoises 
per distance (lower). 
Total, 1978 
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Fig. 3. 

60N 

50N 

Distribution of Dall porpoise schools sighted by 
salmon research vessels in 1978. 
Closed circle: dalli-type, Open circle: truei-type, 
Cross: type-unidentified. 
Broken line: Sub-arctic boundary. 
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FURTHER DEVELOPMENT OF WHALE SIGHTING THEORY 

Takeyuki Doi 

Whale sightings not only are valuable for the evaluation of stocks, 

but also supply much information concerning the distribution and migra

tion of whales. Sighting data, however, have been difficult to use to 

estimate the absolute number of whales. In previous papers I estab

lished a basic sighting theory and tried to show how to analyze sight

ing data (Doi 1970, 1971a). This work was continued, and special sight

ing data were collected during the 1969/70 Antarctic season. With this 

information the theory has reached the stage of practical use in esti

mating the absolute number of whales in a given area of the sea (Doi 

1971b; this chapter is an English condensation of the original Japanese 

text). 

Basic Theory 

The basic equations described in the latter paper are as follows: 

(16-1) 

1 2 2 2 

and P 
x0"2vrf(x1y1-x0y0J+t (e1-e0J-cot e1 (x1-x0JJ 

(16-2) 

where 

xl 

f(x) = probability of sighting a whale present in the scouting 

zone; 

p = average sighting rate, that is, the proportion of whales 

sighted in the rectangle traced out by the boat's path, 

of width 2(!) sin e1 = 2 (4.90) = 9.80 mi; 
----------

v a velocity ·of the boat; 

T = whale's dive duration; 

i limit of visual range= 6.4 mi; 

e1 = angle of whole visual range= 50°; 

x = distance measured in a direction at right angles to the 

movement of the boat; 

y = distance measured along the direction of the boat's move-

ment; 

z = distance along a line parallel to the y-axis (direction of 

boat movement) from the arc which is the limit of the 

visual range to the intersection of the ray at an angle 
0 e1 (50) from the.vertical axis. Thus z represents the 

length of the line parallel to the y-axis at a distance 

x from it, visible to the observer ate who is scanning 
0 an angle of SO on each side of the forward direction; 

x1 = t sin e1 , the half-width of the rectangle in which whales 

may be sighted (with t = 6.4 mi, e1 = so0 , x1 = 4.90 mi): 

Y1 = t cos e1 = 4.11 mi; 

zo = VT; 

XO = x-value at z ;:: zo; 

Yo = y-value at z = zo; 
-1 XO 

80 = a-value at z = sin -i-0 

These symbols can be understood with the help of Fig. 16-1. P 

is the sighting rate, assuming that an observer can find every whale 

within his sight (281). However, since he constantly moves his field 

of vision, the observer may miss some whales. Thus a correction fac

tor K is needed: 

where 

e 
p 

--- - -·- ----------------
visual angle of an observer; 

s = number of observers engaged. 

Therefore, a real sighting rate Pis : 

p = KP. 

(16-3) 

(16-4) 



FIGURE 16-1. The fan-shaped area of scouting. The symbols are ex-
plained in the text. · 

In this technique such elements as the boat's velocity, the 

ecology of the whale, the varying capability of observers, etc., can 

be introduced. 

Dive Duration and the Average Rate of Sighting 

In order to obtain a numerical value for the average or real 

sighting rate it is necessary to determine the duration of diving (T). 

From the special program of sighting carried out by Japanese scouting 

boats during the 1969/70 Antarctic season, I have been able to obtain 

the mean values of T by species and to calculate P by use of Eqs. 

(16-1) and (16-2). Both T and Pare shown in Table 16-1, with the 

appropriate values of v, t, and e1 • 

----
Test and Modification of the Average Sighting Rate 

Theoretical results should be tested by the data obtained from 

the specia; sighting program. The best test is to compare the theo

retical f(x} of Eq. (16-i) with actual values. From such observations 

it is found that the interval on which f(x} = 1 is much less than that 

(x0) suggested by the theoretical model. This smaller interval is 

denoted by m, The difference between the theoretical and the actual 

circumstance seems attributable to (1) the difficulty of finding whales · 

at long distances, (2) the inattention of the observers to the direction 
' of boat movement, and (3) a lack of consideration of weather and sea con-

ditions. Thus an experimental modifying function g(x} must be introduced: 

g(x} = l :-a (x-m} 

X ~ m 

X > m. 
(16-5_) 

From curve-fitting, m and a are estimated by species. · From Eqs. 

(16-1) and (16-5) a modified average rate of sighting, P, can be calcu

lated: 
f xl 

0 f(x}g(x}dx 
p =-------

f xl 
O dx 

(16-6) 

Table 16-2 shows the values of P, m, and a. 

·observer Failure and the Breathing (Blowing) of Whales 

observers are unable to scout all the visual angle of 28_1 per-

fectly, since their actual visual angle is ep. These relationships 

can be treated mathematically in the simplified model, using ' the cor

recting factor K of Eq. (16-3). However, when the whale's breathing 

time at the surface (T) is taken into account, Eq. (16-3) must be 

amended. Introducing an angular velocity of eye-scanning, w, an angle· 

of WT should be added toe as the visual angle, But within the angle p 
(8 +wT) the observer cannot find all whales, because some whales will 

p . 
have blown before or after e passes, The rate q of finding whales p 
within the angle (8 +wT) is defined as follows: 

p . 

e~ .,,~. 
8 +WT 

p 

where tis time and changes from Oto T, 

Therefore the effective visual angle amended for time of blowing is 



The amended correction factor, K, can be described as in Eq. (16-7): 
(I) 

K .. 1 - (l -
w 

e +!w-r 
p 2 )s 

28 ' 
l 

(16-7) 

The calculated results are ·shown in Table 16-3, using values of T 

by species from the special sighting investigation carried out during 

the 1969/70 Antarctic season. 

Real Rate of Sighting 

The real rate of sighting, P, can be obtained from the following . 

formula: 

P =KP, 
w 

(16-8) 

In calculation of the real rate of sighting, it is necessary to 

clarify the values of sand w. Ordinarily two observers are up the 

mast and several observers are on the upper bridge, In the special 

sighting investigation the total ability of observers on the upper 

bridge was considered to be equivalent to 0,5 - l,O person up the 

mast, judged from the number of occasions of sighting. The angular 

velocity of the eye, w, is more difficult to determine than the adjusted 

number of observers. When w is very large, observers cannot sight 

whales for psychophysical reasons, As observers told me, w will be 

about 5 to 10° per second, Accordingly, I regard the intermediate 

values of Table 16-3 as the most likely estimates of the real rate of 

sighting, Table 16-4 shows the real rate' of sighting thus obtained. 

.. 




