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The behavior of sperm whales in schools
observed from an operating whaler

Suehiro MANO

A series of surveys on the swimming behavior of a sperm whale ,Physeter
catodon, was undertaken on board a whaler of Ryuho Maru‘,'\{470 G/T, using an
echo sounder in waters off Hachijo I. in 1979 and 1980.

A method of the survey was based on the results of preliminary survey in
january of 1979 and the second survey with a sounder and a visual survey with
formal method were made in December of 1980.

During the survey, a relative location of a whale was determined by polar
system (The angular directions in vertical and horizontal plane, and range of the
whale from the whaler) using a sounder. The geographic location was determined
in referring the ship’s location with Loran C per minute throughout the whale
chasing duration.

From the above data on 57 whales obtained during the survey, the swimming
tracks of respective whales and cruising tracks of the whaler were drawn and
time/dive showing depth profile of a whale were obtained.

Based on the above resulted data and illustrations, many recent reports on the
swimming behaviors were cited and several new knowlages'are resulted.

Under chasing condition, the whales were dived for a maximum of about 600
m deep and their swimming speeds were ranged from (0—15 knots with an
average of 6 knots. However, the high speed of 10 knots or more was not main-
tained for more than 2 min.

While, in the depth range of 0—600 m, there is no significant defferences of
the swimming speeds among various depth layers. The vertical component of the
swimming speed of the whale is ranged from (0—2.5 knots with an average of
0.7 =0.6 knot.

Moreover, the whale quickly changes it swimmiﬂg direction with the approach
of the whaler. According to swimming track records, 30% of the data shows the
whale swimming in a more or less straight course, while 63% of the data shows

the whale ovaling turn less than 180°.
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Table 1. Noon position and sea condition during whaling cruise from Dec. 5—23, 1980 in waters off Hachijo I. of

Japan.
Sea conditions
Date Location Wr Wind Air Temperature

day Lat Long direct. force pressure visibility air water
5 31.3°N 140.8°E c NW 3 1017mb 16 km 19.8C 22.8C

6 34.6 140. 8 be NNE 1 1016 11 19.0 22.0

7 34.3 141.0 be NW 3 1015 16 17.7 25.5

9 33.6 141.3 c NNW 5 1013 15 16.7 22.8

11 33.4  142.0 c West 3 1020 15 21.1 22.2

18 32.0 140.6 [¢ WSW 3 1015 16 19.0 21.0

20 32.3 141.0 r WNW 7 1009 11 16.2 20.8

21 34.9  140.2 be North 5 1018 15 11.0 20.0

23 33.4 142.8 0 SSE 2 1011 16 16.0 20.4
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Fig. 1. Locations of sperm whale observations
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Table 2. Principals of an echo—sounder used for the whale observations.

Item Character

Type NEC WF—553

Frequency 20.5 kHz

Output power 1 kW

Pulse length
Range
Beamwidths

Available range
Steps of tilts

5, 3, 0.8 ms alternative

4 kinds alternative: far, moderate, near and deep
20°C horizontally: dual beam transducer

7°, 18°, 45°and 55° vertically, changed with range
2,000 m in maximum

0°, 3°, 5°, 10°, 20°, 30°,35°
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Fig. 2. An echogram from a female whale of
11.6m in body length under chasing
condition (NEC WF—-553, 20.5 kHz).
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Fig. 3. Frequency distribution of body lengths of
57 whales caught in waters off Hachijo
I. of Japan in winter of 1980.
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Table 3. Construction of whale schools observed from a whaler in waters off Hachijo I. of Japan in December of

1980.
Date Whales in Whales Mean School
Dec., 1980| a school caught length Female Male form
5 11 4 10. 0m 4 0 fan shape
6 20 4 10.6 3 1 clumps
7 30 13 10.0 13 0 clumps
9 30 5 12.5 4 1 circular
11 30 6 12.1 0 5 scatter
18 10+20 8 11.0 6 2 scatter & clumps
20 30 9 9.7 5 2 clumps
21 1 1 16.0 0 1 lone bull
23 1+1+1+1+4 7 12.6 0 7 linear & clump
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Table 4. Various swimming performances in school—means sperm whales by three categories on
schooling characters observed in 5—23 Dec., in waters off Hachijo I. of Japan

Pooled data

Secondary groups scattered

Day Whales Whales

Length  Chase

Swimming | Whales Whales Length Chase Swimming

school  caught time sp'd depth| school caught time sp’d depth
m min knot m m min  knot m
Dense school
5 11 4 10.0 12 6.0 40
7 3 10.0 11 6.3 282
3 1 9.7 14 5.3 16
6 20 4 10.6 0 7.5 106
3 10.7 7 6.8 12
5 1 10.0 18 8.2 210
9 30 5 9.4 22 4.9 80 .
’ 16 3 9.2 24 4.1 184
14 2 9.6 19 5.7 129
20 30 9 9.7 6 6.0 33
mean 23 9.9 12 5.8 58
Rough school
18N 10 3 11.0 14 5.7 146
4 1 1.1 18 7.3 142
2 10.8 16 5.0 146
21 individual 1 16.0 46 7.5 339
23 ~do— 7 12.6 17 5.7 42
mean 3 13.5 24 6.1 212
Intermediate school
7 30 13 10.7 16 6.6 93
2 11.2 17 7.1 123
4 10.4 13 6.5 58
2 10.5 21 6.9 90
15 5 10.8 16 6.2 121
11 25 6 12.1 16 6.1 111
10 3 12.1 15 6.8 120
3 2 12.1 19 4.9 95
18 20 5 10.8 29 5.8 173
mean 25 11.2 19 6.1 114

Remarks: Subscripts of N and S in 18th are restectively northern and southern shools.
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Fig. 8-a. A typical straight track of a sperm
whale, female, of body length of 10.6
m in waters off Hachijo I. in Dec.
1980.

Swimming depth 14 m and speed 8
knots in means.

Symbols are given for respective loca-
tions per min of the whale and
whaler, i.e., ©: floating whale, /\:
1-30 m in depth, [1: 30-100 m, H:
100-300 m, @: 300 m or more, O:
whaler and A: shooting.

5860% (1986) 13
Q- 5
0d

7 Dec. 1980

=

590 1000 m

zo\bB'
Flg. 8-b. A typical track with an oval turn of
sperm whale, female, of body length
of 10.7 m in waters off Hachijo I. in
Dec. 1980.
Swimming depth 130 m and speed 5
knots in means.

5001

04
18 Dec, 1980

Fig. 8-c. A typical complicated track with a
quick turn of sperm whale, male, of
body length of 11.4 m in waters off
Hachijo I. in Dec. 1980.

Swimming depth 155 m and speed 7
knots in means.
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Fig. 8-d. A typical complicated track with several quick turns of a sperm whale,
male, of body length of 11.7 m in waters off Hachijo I. in Dec. 1980.
Swimming depth 28 m and speed 6 knots in means.
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Fig. 10-a. A relative tracks of a female whale of 10.9 m long and a whaler (upper) and timely
changes of swimming depth of whale and speed of whale and its range from the whaler
(bellow) in Dec. 7, 1980. Symbols are given for respective locations per min of the
whale and whaler, i.e., ©: floating whale, @: whale, ®: whaler and A: shooting.

0 T . L L 2 L T oo 1000
%0 . TS

\
SR 500 1000,m

Range (m)

Depth (m)

Swimming speed.(knot)

" ¥ Speed ¥ }
. o | Range
Whaler \ 5 Wt

*--» 500

1406 Time elapsed (min.) 1427
Fig. 10-b. A relative tracks of a female whale of 10.5 m long and a whaler (left) and timely

changes of swimming depth of whale and speed of whale and its range from the whaler
(right) in Dec. 7, 1980.
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Fig. 10-c. A relative tracks of a male whale of 16.0 m long and a whaler (upper) and
timely changes of swimming depth of whale and speed of whale and its range
from the whaler (bellow) in Dec. 21, 1980. 1000
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Fig. 10-d. A relative tracks of a female whale of 11.4 m long and whaler
(left) and timely changes of swimming depth of whale and speed
of whale and its range from the whaler (right) in Dec. 7, 1980.
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Fig. 10-e. A relative tracks of a female whale of
10.9 m long and whaler (left) and time-
ly changes of swimming depth of whale
and speed of whale and its range from
the whaler (right) in Dec. 7, 1980.
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Table 5. Ascent or descent rate (m/min) of a sperm whale, 10.7 m in length, caught in Dec. 18, in various depth

layers.
Swimming Range? Change Duration Rate(m/min) Approach
depth! m m depth3 range* min ascent descent rate5m/min
0—383 145—727 383 582 12 31.9 48.5
383—357 727—690 —26 =37 6 —4.3 —6.2
357—415 690—745 ) 58 55 3 19.3 18.3
415—292 745—1709 —-123 —36 3 —41.5 —12.0
292—385 709—672 93 —=37 5 18.6 —7.4
395—229 672—599 —166 =173 3 —55.3 —24.3
229—380 599—690 151 91 7 21.6 13.0
380— 0 690—145 —380 —545 5 —76.0 ' —109.0
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Table 6. Cross table between swimming depth and ascent and descent rate of whales observed during whale fishing
on board a whaler in waters off Hachijo I. of Japan in Dec. 5—23, 1980.

Frequency distribution by depth layers ( % ) Mean rate
Descent rate (m/min) Ascent rate (m/min) m/min

Depthm | >138 108 93 62 31 31 93 108>139 Sum Descent | Ascent

10—100 - = 2 48 151 151 77 11 2 - 440 21.7 23.9
100—200 - = 24 49 103 81 43 8 4 4 304 30.1 28.5
200—300 - 4 8 11 34 30 13 9 3 - 121 36.6 33.2
300—400 - 3 6 30 20 6 2 2 2 78 32.5 34.6
400—500 2 - 2 13 18 - 2 2 - 41 38.7 18.5
500—600 - - 2 2 6 8 - - - - 17 25.7 3.1
Pooled 2 7 32 131 337 308 137 30 11 5 100% 28.1 26.3
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Fig. 14. A dive depth / time profile of a
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length in Dec. 23, 1980 during a
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Fig. 15. Interrelation between dive duration of whales and swimming depth in maximum through
a dive. A straight line through data spots is a simple regression between them.
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Fig. 16. Frequency distribution of number of
repeated blows per minute.
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Fig. 17. Frequency distribution of maximun ranges
of 57 whales detected with an echo-
sounder.
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Fig.19. Frequency distribution of estimated swimm-
ing speed of whales in knot throughout
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%, 107 Fl) b, 2~9 7 » b, £ED 85%
NEPLT B,

WHKRE 10~600m ©T, 100m BERD
fo, BAEGGE L, £hXh,5.9, 5.4, 6.3, 5.
4, 4.6, BXU, 7.3 /5 FTHDH, 500~600m
BT, &AL R LI, 2hit 16m oXEfHD 5 —
AN ZIBAIRIAETHD, LL, ZOBD

£560% (1986) 25

BRI 11 B (&FD 1.7%) L /N&uhb, B
BIZBEE R Ve fE 5T, 200~300m BT F
F2EANPRSENEE X D,

Wi, TOREILICHLMT A, FAER
M4 ®E L TDEN 907 BRI >WT, 1 58
OECEHEEXEN L EXEE L OHBEY
Table 7 iR, ,

DFENETE, BARMCEBMOBERES 0~15

Table 7. Cross table between swimming depth and instantaneous speed of whale detected with an echosounder.

Depth Swimming speed in knot
m 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Sum
0— 10 2 13 33 32 40 44 36 22 25 14 13 8 4 1 1 288
10—100 5 3 15 30 37 26 37 19 15 7 1 2 2 0 0 199
100200 1 0 8 15 13 15 11 1 2 4 0 1 0 79
200—300 0 1 4 12 8 10 3 2 2 0 0 0 0 51
300—400 0 3 6 3 5 5 3 0 0 0 1 0 0 27
400—500 0 0 0 1 0 2 2 1 2 0 0 0 0 11
0—600 8 20 59 84 107 99 9% 57 57 25 20 14 7 2 1 655

in 0.1 percent

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Sum
0— 10 3 20 50 49 61 67 55 34 38 21 20 12 6 2 2 440
10—100 8 5 23 46 56 40 5 29 23 11 2 3 3 0 0 304
100—200 2 0 12 23 20 23 11 17 2 3 6 0 2 0 121
200—300 0 2 15 12 15 1 6 5 3 0 0 0 0 78
300—400 0 5 9 5 8 8 0 5 2 0 0 2 0 0 41
400—500 0 0 0 2 3 2 0 3 3 2 3 0 0 0 0 17
0—600 12 31 90 128 163 151 145 8 87 38 31 21 11 3 2 1000

/oy FOEET, 1/ VEOBMEYS 2, #EF
FICEKEE Y 0~10m, 10~100m kXU, *h
IR 600m % T 100m B0 7BIZXKS L, £XKE
BEOHBEEY L, B59%% 10 FLAHEET
RLTV B, ek, ZhbDOROLHRLN TIHICE
LicilEroR DHBEE RO Fig. 19 ©RLEk

DERUTH S,
EHOBAAFTRSE,  10~100m BT 288
| (&% 907 E®D32%), R\T, £BE

D 0~10m »3 252 [H, 28% & 100m LIEDOBI

D 60% MERLTWE, T, EROBHIFY
EATZ, 20 100m &oBi, #ic 5.9 7 »
bEHEENCELS, RREHED 7.3 /v bk
500~600m ETRBN %,

Wiz, TNRT, HEOBEFRYHEHTS L, iR
ERFTHE—-NTHot, 4~5 7 » M TiE, B
ERH\ T 100~200m BEBET, &Akd LS
i, GEThCEVCEVCHBREEYRLT5, B
Bl RsE&, coRKHEAHEE L, 0~10mE, 10
~100m,5 ~/ » bfE, 100~200m J&, 200~300m
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CRONBNR, ThIUBEDBTIE HE Ly,
7t¥, 400~600m FDOBTIX, 6 / » FMRITEE
T, FOTPOEIMRC =5 IR T B,

FROWERGE Iz o\, Berzin 13&ndh, B
B&h, 2503 LFEXA - BT, T~12
7o MZETBEBRELT, ToH#EHIDS T,
Bk - THRREhB & LT, Sljper 13F#HHE
Tk 12 7o, BB 20 /9 bELI, .

Gaskin(27) xz® 10 7 o MIBKTHB EL,
20 7y PRBRERCIERMCR - CAETHS

EE S, ZOEDHDIBRLFARTDOERIIZD
Gaskin DOBRELRH LT\ 5,

—Ji, ABED 2.1.2 FHLHET, BRYHO
BEroaA L, BREEYBACZRIVNER, BO
BREINDODHDDEHCEBENTHIOABEELL
B, TOZREVINEOSE,OHEMRE TOBEL
h oo B lEKENT Fig. 6 225, 0.4-3.0
sy b, B 1.6 /o b Thot, —F, ThE
TOMOIESAETERIT L 2 BNENY / » B
wwi— LT, Table 8 wwimd,

Table 8. Swimming speed in knot estimated from sperm whale marking.

Year Location Body length Speed Reporter Reference
1955 North Pacific small size 2. 8knots Kawakami (28)
1962 ~do— 0.4 Ichihara (29)
1963 off Peru 8.2 m F 2.4 Mejia (30)
1965 Antarctic 1.1(max 2.8) Ohsumi =~ - (18)
—do— 1.1 ibid

North Pacific 1.3 : ibid

1967—171 North Pacific 11.0—-14.3 m 0.1-1.5 Ohsumi (31)
mean (.7 :

1968 off South Africa 3.0 Gambell (6)

Simple mean 1.6 knots
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EoEyiEa% Fig. 20 wrRd, ZORTiE
Bk, EhcEEY 52 5,
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538
Swimming depth / time profile of a sperm

whale observed in nighttime with an echo-
sounder during about 9 hours of chase in
night time from18:30, Feb. 5 to 03:28,
Feb. 6 1984 in northward waters of 90
nautical miles from Hachijo I.

27

ORI LB E, BEFEI N 538 i, L 19
B, & LEEREE 1~8 &, T 4.1+1.91 4/
D ERTORND, EKEGEE 9~61 &, ¥
#)T 21.7%0.84 FOBKEEDER LI, LL,
BT AFE, KOG O M MBI R
BdLRED 5T, & OEENE 150~1, 250m Dk
KAREES L OEMEBE TH Y, B EALHAR
RoBoOBRETEH B L L Bbhb, —7F,
DEETENC RV 5 F(#E, RSO AL EiR
TEECEA LB kT 5 FHiE LR 1.4
SR IV, BARFEEBEIDCHES, hbEab
BEIRD LR, REOFLEGEREIERDO® 3
5, KRR 2 L AR REO R
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N, fhb G, FORANEKEE L 561m, T
BE 208m THH, THRHEELTIHSLICE
WOREDOEHIRETE L B,

Ll O EE OB RE L LEER B, R
fEM % R U X 7o\ AR R T AR IR BE S & 08
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Swimming depth/time profile in daytime of a male sperm whale of 12.2 m in body length observ-
ed with an echosounder of a whaler, KyoMaru No.1, from 11:52—13:46, May 5,1979 in North
Pacific, at 30.0°N 160.9°E. The swimming depth was 208 m in mean and 561 m in maximum.
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CDRIC LB E, BKORDEDOFEGEE TILHE
HLPREILCTPECRE L, BB 5EE
oo, NEERAOBETRE Y, i LEMCE

ABERIEICL > T, ZOBEILDRIICHEEL
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R 5 BEOEKE R, BRKEEZCR TR
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DI &R L LA ERY =T, Larl, &K
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i, ORI RS X 0 LHOAE G, 5T,
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Table 9. Various means on swimming characters of sperm whales observed with an echosounder in the Pacific
and Indian Oceans and Tasman Sea in 1979—1982.

off Hachijo L. Indian Tasman Mid —latitude

Waters Daytime Nighttime Oceam Sea N —Pacific

33N 141E 32N 138E 33S 70E 30S 173E 30N 170E
Year 1979 1980 1982 1978 1979 1979
Whales observed 20 57 1 6 17 20
Male +Female 14+6 20+37 ? 6+0 11+6 12+8
Duration of obs. 362 907 538 133 254 532 min
Whale’s max. depth 412 581 118 599 604 612 m
Means
Body length 10.5 11.0 10.0 12.8 10.8 11.6 m
Whales in school 6.1 7.4 2 2.5 2.3 2.6
Chasing time 18 34 538 21 15 27 min
Duration a dive 13 9 23 14 11 12 min
Swimming depth 128 108 53 234 151 181 m
Vertical speed 2 1 0.5 5 4 5 knot

—%, BARTEBCRT AEOBEKEELE) & —
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BB TH - 1ehs, ORI VE 52— 1%
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KA RENCEXFERLE) 2 — v Ol Th*
hig/u'f‘, Fig- 22 0:7?;\‘?0
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Appendix table 1. Various means on swimming behaviors of individual whales observed with a
dual—beam echo—sounder of a whaler (470 G/T) in waters off Hachijo I. of
Japan from 5—23 Dec., 1980.
# is an order on a series of dives and asterisked is mean of respective
whole caught.

L Sex Chase Range Max Depth Max  Vhor Vvrt Vemp Vs
m min m m m m knot knot knot knot

Dec. 5 (4 whales taken from a school of 11 individuals) -

10.5 F# 5 241 299 12 20 4 0 4 5
#2 4 158 218 3 9 5 0 6 6
* 9 195 299 7 20 5 0 5 6
10.4 F# 7 205 363 55 N 4 1 5 4
* 7 205 363 55 91 5 0 5 5
9.1 F# 3 175 181 6 10 6 0 6 7
#2 3 193 218 2 5 9 0 9 8
#3 12 313 454 99 204 6 1 6 6
* 17 275 454 71 204 7 0 7 7
9.7 F# 4 159 309 14 32 7 0 7 4
#2 5 185 309 37 63 4 1 4 4
* 14 146 309 16 63 6 0 6 5
mean 10.0 F 12 211 454 40 204 6 0 6 6
Dec. 6 (4/20)
11.1 F « 4 129 236 1 3 5 2 7 9
10.2 F#1 4 521 721 28 44 7 1 7 9
#2 7 233 363 9 24 7 1 7 10
* 9 325 727 16 44 8 0 8 10
11.3 M#1 4 381 690 17 40 4 0 4 7
* 7 275 690 14 40 5 0 5 7
10.0 F# 17 552 636 235 323 6 1 6 6
* 18 506 636 210 323 6 0 7 7
mean 10.6 10 380 . 727 106 323 6 0 7 8
Dec. 7 (13/20)
10.7 F * 17 312 509 104 203 6
11.6 F# 14 360 599 74 179 7
* 16 378 909 66 179 7
10.7 F * 4 281 490 4 12 10
10.6 F# 6 399 909 14 29 11
* 7 353 909 12 29 11
9.9 F# 3 188 345 7 11
#2 6 190 327 33 69
#3 6 233 309 34 77
#4 5 196 272 13 27

* 18 212 327 27 77
10.7 F# 18 363 545 130 230
* 22 320 545 107 230
10.5 F# 4 222 290 58 116
#2 4 118 181 5 10
# 13 257 381 66 143
* 20 229 381 56 143
10.5 F#1 19 391 563 140 258

11.1 F# 13 448 636 197 335

* 13 420 636 182 335

10.9 F# 18 409 727 121 235

* 18 391 727 114 235

10.5 F * 20 386 618 149 256

11.4 F# 16 363 545 112 229

* 20 315 545 90 229

10.1 F « 10 241 381 54 126

mean 10.7 F 16 330 727 93 335
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continue
L Sex Chase Range Max Depth Max Vhor Vvrt Vcom Vs
m min  m m m m knot knot knot knot
Dec. 9 (5/30)
9.3 F#1 14 346 472 80 138 5 1 5 5
* 22 356 472 52 138 5 0 5 5
9.1 F#1 4 222 363 31 51 3 1 3 6
#2 12 315 472 79 130 5 1 5 4
* 23 249 472 47 130 5 0 5 6
9.1 F# 26 363 509 115 180 4 1 4 3
* 26 341 509 106 180 4 0 5 4
9.5 M#1 19 434 563 135 248 5 1 5 4
* 20 416 563 128 248 5 0 5 5
9.7 F# 8 280 418 76 123 4 1 5 3
#2 10 288 454 64 115 5 1 5 6
* 18 273 454 65 123 6 0 6 6
mean 9.4 22 327 563 80 248 5 0 5 5
Dec. 11 (6/25)
13.1 M#1 4 412 581 22 44 8 0 8 11
* 5 319 581 13 44 8 0 8 11
1.1 M#1 12 381 472 83 158 7 1 8 9
* 17 409 472 58 158 8 0 8 9
12.1 M#1 14 525 999 61 82 7 0 7 9
* 15 472 999 53 82 7 0 7 10
12.1 M#1 20 560 781 268 473 5 1 5 6
* 23 528 781 234 473 6 0 6 7
11.6 M#1 16 389 563 121 229 5 1 5 7
* 19 432 563 103 229 7 0 7 8
12.5 M#1 13 404 599 108 186 4 1 4 6
#2 6 246 381 40 88 3 1 3 5
* 18 348 599 86 186 4 0 4 6
mean 12.1 M 16 436 999 111 473 6 0 6 8
Dec. 18 (8/20)
11.4 M#1 11 441 672 155 340 7 2 7 7
* 12 410 672 142 340 7 0 7 7
11.0 F# 18 563 872 238 472 5 2 5 5
* 19 524 872 213 472 5 0 6 6
10.6 M#1 10 254 454 51 76 4 1 4 6
#2 4 122 199 7 14 3 0 3 6
* 12 224 454 41 76 4 0 4 7
10.9 F# 45 573 781 274 415 5 1 5 5
* 48 541 781 257 415 5 0 5 5
10.0 F# 14 432 599 165 301 4 1 5 5
* 15 393 599 143 301 5 0 5 6
11.1 F# 19 403 527 134 210 5 1 5 6
#2 11 237 381 38 91 6 1 6 6
* 31 328 527 91 210 6 0 6 7
10.7 F# 14 443 581 116 195 6 1 6 6
#2 5 190 272 6 13 2 0 2 4
* 23 316 581 67 195 6 0 6 7
11.3 F# 23 586 1054 253 581 6 2 7 5
* 27 508 1054 206 581 6 0 7 6
meae 11.0 23 431 1054 164 581 6 0 6 6
Dec. 20 (9/20)
9.7 #1 6 257 363 27 46 5 0 5 6
#2 3 187 290 37 75 6 1 6 6
* 10 221 363 25 75 6 0 7 6
9.7 F#l 9 216 363 41 109 6 1 6 6
* 11 209 363 35 109 7 0 8 7
9.8 F# 11 270 527 83 141 5 1 5 4
* 11 252 527 75 141 5 0 5 4
9.5 F * 3 302 545 1 1 5 0 5 3
10.0 M = 3 211 363 3 9 3 0 3 3
9.7 F#1 4 218 290 13 22 4 0 4 1
#2 6 249 345 85 163 5 1 5 2
* 7 235 345 66 163 5 1 5 2
9.9 M#1 4 168 218 6 13 6 0 6 -5
* 6 205 218 8 22 5 0 5 4
9.1 F * 3 199 236 2 6 4 0 4 4
9.6 F * 3 127 181 1 3 6 0 6 5
mean 9.7 6 220 545 33 163 6 0 6 5
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continue
L Sex Chase Range Max Depth Max Vhor Vwrt Vcom Vs
m min m m m m knot knot knot knot

Dec, 21 (lone bull)
16.0  Msx 47 694 909 339 518

Dec, 23 (7/4+1+14+1+1+1=9)

ot
(=]
o
>

12.1 M# 7 423 636 84 189 6 2 6 9
* 10 329 636 59 189 7 0 7 10

13.2 M# 5 417 599 30 66 6 1 6 7
* 6 363 599 25 66 6 0 6 7

13.4 M#1 12 580 745 178 332 7 2 7 8
* 15 463 745 131 332 8 0 7 9

12.2 M#l 5 247 454 15 32 6 1 6 8
* 12 241 454 10 37 7 0 8 9

1.7 M#l 7 530 1090 38 72 7 0 7 12
#2 4 175 272 8 19 7 0 7 9

#3 3 181 290 4 12 6 0 6 8

#4 4 236 290 38 93 5 1 5 8

#5 4 209 272 15 31 5 1 5 8

#6 9 222 309 34 65 5 0 5 8

#7 8 185 309 24 56 4 0 4 7

* 37 252 1090 28 93 6 0 6 9

12.4 M# 4 1144 1363 45 76 8 1 8 12
#2 9 258 581 19 39 6 0 6 8

* 14 427 1363 22 76 6 0 6 9

13.1 M#1 6 221 345 33 50 8 0 8 9
#2 10 292 454 62 129 6 1 6 7

* 23 216 454 35 129 7 0 7 8

mean 12.6 M 17 304 1363 42 332 6 0 7 9

Remarks
L: fork length of sperm whale and, Chase: observing duration in min with an
echo—sounder, Range: range of a whale from the whaler, Max: maximum range and max-
imum depth, Depth: swimming depth estimated of the whale from {range} X Sin{dip angle},
V: swimming speed in knot (hor., vrt. and cmp. are respectively elementals in horizontal
and vertical directions and component speed), Vs: sailing speed of whaler in knot, mean:
vector of daily means.

Appendix Table II. Various means on swimming behaviors of sperm whales observed with
an echosounder in various waters.

Location: off Hachijo I. of Japan

Date L Sex Whales Chase Swimming Vertical
a school time depth(max) speed
m min m m knot

6 Jan. 1979 10.6 F 20 16 127 235 1
10.9 F 10 8 83 180 2
10.3 F 9 7 76 229 2
10.3 F 8 10 101 355 2
109 M 7 12 122 246 1
1.8 M 6 12 195 373 2
10.3 F 5 12 82 137" 1
10.6 F 4 25 171 283 1
mean 10.7 8.6 12.9 130 373 1
8 Jan. 10.3 M 25 18 246 412 2
10.6 M 4 19 135 255 2
10.6 M 1 11 50 113 1
10.3 M 5 7 55 119 1
10.3 M 2 39 128 259 1
10.6 M 6 23 177 345 1
10.3 M 3 33 144 255 1
mean 10.4 M 6.6 21.3 145 412 1
10 Jan. 10.5 M 2 29 185 375 2
10.2 M 1 22 77 297 2
10.3 M 2 16 90 227 1
10.5 M 1 21 81 174 1
10.3 M 1 22 74 255 2
mean 10.4 M 1.4 22 94 375 1
Pooled mean  10.5 6.1 18.1 131 412 1
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continue
Location: Indian Ocean
Date L Sex Whales Chase Swimming Vertical
a school time depth(max) speed
m min m m knot
25 Nov. 1978 13.5 M 1 11 208 411 4
12.7 M 3 35 244 446 4
26 122 M 5 8 123 230 4
1228 M 4 11 130 230 2
1.8 M 1 33 310 591 6
27 13.6 M 1 29 217 599 6
Pooled mean 12.8 M 2.5 21 234 599 5
Location: Tasman Sea
Date L Sex Whales Chase Swimming Vertical
a school time depth(max) speed
m min m m knot
10 March, 1979 10.7 M 1 5 76 218 3
100.5 M 2 13 199 404 7
11.5 M 1 26 304 604 5
11 10.9 M 1 10 37 94 1
10.7 F 5 16 57 198 2
10.5 F 2 11 117 255 3
1.5 M 3 12 135 292 4
10.9 F 2 9 73 218 1
12 1.1 M 5 29 116 386 3
10.0 F 5 7 20 31 0
14 10.5 F 4 8 60 105 2
10.2 F 3 8 78 155 3
11.5 M 1 45 263 559 6
28 1.5 M 1 6 112 249 5
10.5 M 1 6 66 143 2
107 M 1 20 146 380 4
109 M 1 18 86 199 4
Pooled mean 10.8 2.3 15 151 604 4
Location: North Pacific in mid—Ilatitude
Date L Sex Whales Chase Swimming Vertical
a school time depth(max) speed
m min m m knot
29 April, 1979 10.9 F 10 10 122 339 4
10.3 F 1 13 45 155 2
3 May 12.1 M 1 19 45 187 5
12.1 M 3 6 59 123 2
11.8 M 1 34 61 362 2
11.8 M 1 20 168 474 6
12.1 M 2 30 324 553 4
12 May 10.6 F 7 11 116 149 4
10.0 F 6 24 126 297 3
10.9 F 5 23 222 525 8
14 May 12.1 M 1 18 120 307 4
124 M 1 39 183 406 6
124 M 1 10 109 273 3
1221 M 1 113 190 561 5
13.0 M 1 39 214 612 5
122 M 1 23 180 360 3
11.8 F 5 22 310 591 7
124 M 1 33 247 527 4
10.6 F 1 25 249 464 5
10.2 F 1 20 177 321 3
Pooled mean 11.6 2.6 27 181 612 5
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