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Table 1-1. Previous studies of Indo-Pacific bottlenose dolphins conducted at Mikura
Island.

Table 2-1. Definition for age classes of Indo-Pacific bottlenose dolphins around Mikura
Island (Kogi et al. 2004).
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Table 5-2. Distance between individuals and time lag of breathing in synchronous
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Table 5-3. Relationships between configuration and the order of breathing in mother
and calf pairs.

Figure 1-1. Indo-Pacific bottlenose dolphins [0 Tursiops aduncus[d observed at Mikura
Island.

Figure 1-2. Bottlenose dolphins [ Tursiops truncatus] observed at Kamogawa Sea
World.
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Mikura Island.

Figure 3-1.Flipper-to-body rubbing O F-B rubbingO .

Figure 3-2. Flipper-to-flipper rubbing 0O F-F rubbingd .

Figure 3-3. Self rubbing.

Figure 3-4. Definitions of body parts, their estimated area % to the total body surface,
and amount of flipper-to-body rubbing oriented to each part.

Figure 3-5. Turn taking of F-B rubbing.

Figure 3-6. Diurnal variation of behavioral activity and frequency of flipper rubbing.
Figure 3-7. Relationship between behavioral activity and frequency of flipper rubbing.
Figure 3-8. Starter and Ender of F-B rubbing.

Figure 3-9. Posture of Rubber and Rubbee during F-B rubbing.
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Figure 4-1. Object carrying.



Figure 4-2. Inquisitive behaviour.

Figure 4-3. Observations of flipper use during F-B rubbing.
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Figure 5-1. Synchronous breathing.
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Studies on social behavior of Indo-Pacific bottlenose dolphin (Tursiops aduncus)
Mai Sakai

Abstract

Two social behaviors of wild Indo-Pacific bottlenose dolphins (Tursiops
aduncus), flipper rubbing and pair swimming with synchronized breath, were
quantitatively analyzed around Mikura Island, Tokyo, Japan. Flipper-to-body rubbing
(F-B rubbing), in which a dolphin (Rubber) touches another dolphin (Rubbee) with its
flipper for frictional contacts, tended to be initiated by the Rubbee and were terminated
by the Rubber. The Rubbee often moved actively its body part contacting with the
Rubber’s flipper, and assumed various postures while the Rubber remained horizontal in
most cases. These facts suggest that the Rubbees engage in F-B rubbing more actively
than the Rubbers, and might receive some benefit (e.g., care of body surface and/or
good feeling) from the frictional contact during F-B rubbing. The characteristic of F-B
rubbing in captive bottlenose dolphins (Tursiops truncatus) also suggests that the
Rubbees receive some benefit. F-B rubbing was conducted significantly more
frequently with the left flipper than with the right flipper. Our results suggested that the
asymmetry of F-B rubbing is caused by the preference for using the left eye to see the
partner. Additionally, significant left-side bias was observed only in F-B rubbings
initiated by the Rubbee, in which the Rubbee determined its position during this
behavior, suggesting that this asymmetry was enhanced by the Rubbees choosing the
left side of the Rubber. Characteristic of pair swimming suggest that female-female
pairs tended to swim closer and more synchronized than male-male pairs. Both F-B
rubbing and pair swimming with synchronized breathing were conducted most often by
the pair of the same sex in the same age class in adults and subadults and by
mother-and-calf dyads. Our results suggest that flipper rubbing and pair swimming with
synchronized breathing are affiliative behaviors which could be quantitative measures
of social relationships among individuals in future studies.



010 OO

1.1 00000000
00000000000000000000000000000000

guobbobbuoogoooobbboooooboobbbouooooo
gbbootbootdoodoodooobooobooonoouoooouooodgn
gbbootbootdootdoodoooboooooonoouoooouoodgn
0000000000000 000000D0O0O00 Ogenus Tursiopsd OO OO
gbbootbootdootdootdoooooonooonoouoooouooun
gdboobootdootdoodooooonooooouoonoouoogo
0 O O O Reviewed by Connoretal. 200000 0 0 000D O00O0O00OODOOOOO0O
gboobootdoodoodoodooonoooonouoooouoogo
gobootbootdoodoodoodoooooooooonoouoogn
gboobootdoodoodoodooonoooonouoooouoogo
gdooodogogo
goooobbobbooooooobooooooooooooo
gobdobboooobuoobuobobuooobuoobuooobuooon
oottt buoobuooobouooon
bbbt buobbuobbuobobuoobuoobuooo
O0O0O0OOgrooming: OO0 O0O00O0OOOOODOOOOOOODOODOOOOOO
00ddooooo0o0d0ooooooDo0ooOooooooOoOod Schino
200l 0000000000 oooooooon
gobbobbbooooouobbuoooouobobobbuouooo
guooobbogbbouoooououbobbuoooooogood

10



gooooououoooooobbbobbbbbbiboodooooooaad
OO flipperrubbing0 000000000 0OODOOOOOODOOOOOOOOO
ggobbbbuoogooobobbbbbuodoogoobobbooooon
OO000000O00000 100000000000 0D0Kogi et al. 20040 00O
gjoooooooooobbbbbbbbobooooooogooog
goooooouooooobobbbobbbbbbboodooooooooad
gooome4inooooooobooboooboobooboooobon
ggjooooooooooobbbbbbbbbobboooooooouuooog
gjoooooooooobbbbbbbbobooooooogooog

gobobbbogoooouoobbuuooouooobbod

12000 00000 oo oo ooood

000000000 0000000O00DO0OT. aduncus, Fig. 1-10000
O000000000000T. truncatus, Fig. 1-2000000000000000O
OTursiops spp.0 000 00O0O0O0O0O0OO0O0OODOOOOOOWells and Scott
199100 000ooooooooooooooooobooooooooon
0o00o0ooooo 19 oodooboooooooonoooooooon

O0O0O0O0O0O0OcConnoretal 20001

1.21. 00
guoooouooooobbbbbbbooodooooououooooon

ggooooouooooobobbbobbbbbbboodooooooooad

OO0O0O0OO0Wellsand Scott, 19990000000 2mO000 38mO 0000

OO0000O000000O00Wells and Scott 19990000000 ODOOODO

11



0 0000 Ross and Cockeroft, 199010 00000000 ODOODOODO truncatus
OOaduncus00 2000000000000002000000000000
Jo0o0oob0b00od0ooobbbb0oo0o0oubDbbbbbU0UUUdRoss
and Cockcroft 19900 0 0 0 000000 O O O OO Wang et al. 2000a; 2000b[T]
O00D0000000LeDucetal. 199900 00 Jaduncus D0 OO DO OOOO0O
tuncatus 1 D D 000 00O0ooooooOo20000 wCcooooooood
00000 oooooboooOoOT tuncatus OO0 0D 00000 OOOOT.
aduncusO 000 O0DOOODOO0OO0OO00OO0O 20000000000 000000O
O TursiopsO OO 0O Stenellad 000D OOOOOOODO I LeDuc et al. 1999171
0000000000000 D0000 Tursiops DO0O0O0O0O00ODODOODOOO0O
gbootbootdootdoodoobooonooooouoooouoogo
gbbootbootdootdoodoooboooooonoouoooouoodgn
gbootbootdootdoodoobooonooooouoooouoogo
0000000 bOO0obOO0bOO0obOO0obO0obOO0obOobOOobOODbDODODdMartin
000000000 ooooooon 1996;
Shirakihara20030 0 0D O OO0 0000 DOO0O0O0O0O0ODODOODODOOOOOODOO
gobobobooouoiguooobbooooouoobobobooooooo

0 000O0O0O0OKakuda et al. 200211

1.22. 000

0o0oooboooooobobooog sogggoooo 40000
000000 Wells and Scott, 19991 O 0 O 0O O O OO 5013 0 0 Mann et al.
200000 0 0O 8013 0 0 0O OO Wells et al. 1987[T1Kritzen et ald 20040 O O 0O O
goobobobobooooouobobbe o bbb oooobbDbDOg
goobobobbtooolooooobbbboooooobp3goo sooog

12



O000D0D0O0O0Mannand Smuts 199810 70 0000000 DOOODOOODOO
O000O0D0O0O0OORIchards, 19960 0000000 OO0O0OOO 350000
OKogietal. 20040 000000000 120000000000010000
O00OOOMannetal. 20000 00000000 OODOOOODOOOOOOOO
411 Mannetal. 20000 000000 ODOODO 37 Cockeroft and Ross, 199017
000000000 3400Kogietal. 200400 0000 00000000000
0000000 60700Wellsetal. 1987100 000 OO0 120 0 0O O OO Mann

etal. 20000 00 0D00OD0ODOO9DO0ODOODOO10D00D00OD0ODOO

123 00

O00000000D0O0ODODOd Shane et al.0 198600 0 Connor et al.
g0 000000oo0ooo0obOoooooooooDooooOoon
gdboobootdootuootdootdootdoddoodooooogooo
OO00ODOShaneetal. 19860 000 00000OOOO0OOOODOODOOOOO
O0000OD0O0ODODOConnor et al. 2000; Lusseau etal. 2003[0 0 0 OO0 O0O00O0O
gobootboodoodoodoodoooooooooooouoogn
oottt uoobuoobouooo
O0000D0DO0OD0OdConnoretal. 200011

KogietalOJ20040 O OO ODODODODODOODOOOODDODOOODODOOOOO
bbbt buobobuobbuobobuoobuoobuooo
00000ooooooboooono 2006000060 0000000000
bbbt buobbuobbuobbuobobuoobuooo
bbbt buobbuobbuobobuobobuoobuooo
goobobobobooooobobobbtoooooubbbboooooD 900
bbbt buobbuobbuobobuobobuoobuooo

13



gooooououoooooobbbobbbbbbiboodooooooaad
gboogoboobooooobbo wm4boboobooboobisnogn
gboooboboobooboboooboboob ko400 ouisogon
gboogobooboobbooboboobog 20030

1.3 0uuogouonood

Table1-1 000D O0OD0OODOODOODOODOODOODOODOODOODOODOO
gbbggbbuobobuobbuobbuobobuobobuoobuooon

gooobobooodad

14



20 D000 ooogoooody

EREpEEN

21 0000ooon

00000000000 DO0DO0ODO0OD0OORg2-100D0OD0ODOODOd
02200000000000000000000 19.62km*00 0 16.4km0 0 O
goboooossimbooooooooboooboooboooboooo
goubggbboobobugbobuobbuobobuoobuoobuooon
oooooboobooobbooboooobuoo sombooonb 2-45m 0O
O00opobooboobgooz000 6000 20040 70 000D0OO0DDODODOO

gooog

22 00000
000000000000000000000000000 00 Tursiops

aduncusO 00 DOODOOO0O0O0O0O OFg l-lMO0000O0DOoOOO0OOOOO
00oooooooooo MBKODOO1994 000D 00ooooooooooo
00000000000 1w0000000000000000D0O0ODO OO0 Kogi et
al. 20040 MBK O O0O00O0DDODO0ODOOOODOOOODOOODODOODODOO
O Adulttll 0 O 0 O 0 Sub-adultt 0 O O O Juvenile[ID 0 O O O Neonate [0 4 O
000000000 DO0DO0D0O000D00D00D00ODOOD Table 2-1, Kogi et al.
2004lMBKUOOOODODODDOOOOOOS0OO0ooDoDbOboooooooo

ggooooouoooooobbbobbbbbbboodooooooooad

15



gobooobobooobbbooobbbooobobbooJuooboooNoD b
OO0b0O0OO0mcIfODoooooooon

23 000
00000000000000000000000000000000

00o0oobooboooooobooboooboooboobivooo Sonyd
O0o0oooooboouoobosonyl DooDoboooooboooooobg
O000000DO0DbO0DOO0DOODOAImann 19740 0000000000000
gobobobuogoooooobboobobbmgoooobbuouooooo
yjoddmboboobooooddddddddo0wuooUo o
gobobbuogoooouoobbouoboumooobbogoooon
goobbobbooooobbobbbooooouobb souuobboboboogo
gbooboobooboobobooobuooboooMBKOOODODO OO 2000 O
gbooz20l0000boooobooboobooooboobboooboooo
gobobbbooogooooobooobbiobobobboooonooooon
gogooooooooooobobobbbbbbbbbooodoooooguoooagd

ud

16



0 3 0 00000000 O7ursiops spp.LL]

[ OO flipper rubbing U O O

3.1 00

0000000000000 0O0flipperrubbingd D00 OOOO0OO0O
O O O O3 Tursiops aduncus, Mann and Smuts 1998, 1999111 O [0 O O O [ Stenella
longirostris, Johnson and Norris 199411 0 0 0 000 OO 0O O O O O Stenella
frontalis, Dudzinski 1998100 0 O O O O OO Physeter macrorhynchus, Whitehead and
Weilgart 2000100 0 O O O O O O O O OO Tursiops truncatus, Tavolga and Essapian
195710 0000 00O 00O Johnson and Norris 199410 0 0D 00 OO O
[0 Cephalorhynchus commersoni, Johnson and Moewe 19990 0 0 0 0000 O OO
Ooddodododododoooooonououododooooog
0000000000000 Table3-100 0O O O OMann and Smuts [0 1998, 1999
O0000000000DDODO0OO0O0O"Petting”0 00 00O 0O O Johnson and
Norris] 19941 [0 Bateson[1 19740 0 O O O O O O “Caressing” O O “Pectoral
whetting’O O DO 0ODO0DO0O000O0O0ODOOOOO0OOOOODOODODOOOOOO
O000000000D0O000Oflipperrubbingd MM OOO0OOOCOOOOO0O
Jooduobbobboogoouooobbuoooooboobobbouooo
ogdoboboboooooooood

guouobbooooooobobuooooobboooooo
OO00000000000D0DO0000000D0O000DO0O00DOO0ODudzinski
019980 00 0000000000000 b0b0bbbbooo0oooogo
OO0O00000 Pettingd Table3-100 00000000000 O0O0DOOOODOO

17



0000000000000 D00D0O0D00DO0DO0D00O0 NorrisD 19910000

0000000000000D00O00 Dudzinskid 199801 O O flipper rubbing O 0O O

bbb boobbuobobuon
bbbt buobbuobbuobob oo uoobuooo

0000000000000 00D00O0D0O0000O0OTavolga and Essapiari] 19570
O Oflipper rubbing O “Stroking”O O 0 00 0D 0D O00O0OO0OO0OOOODDOOODOOOO
0000000000000 D00D000000 Weaver(d 20030 0 Tamaki et al.

Oinpresstd OO flipperrubbing 0 0000000 O0OO0O00O00OODODOOOOO0O

gbbootbootuoodoodoooboooooonoooonoouoodgn

00 TamakietalOinpressO O 000 0000D0ODO0OO0OOOODOOOOO

gboobootdootdoodooooonooooouoooouoogo

gbbootbootdootdootdoooboooooooouoooouoodgn

0000000000000 D0OO0000n flipperrubbingO DO OOOO0O

gobootbootdoddoodoodbooooooooooouoogo

OO00OOflipper rubbingCD OO0 00000ODOOOOOOOOODODOODOOOO

0000000000000 DOoODOOd flipperrubbingd 0000 OCOOOO

oottt uoobuoobouooo

O000000D0O00000000OTursiops truncatusC O flipper rubbing O O O
flipper rubbing 0 000 000D O0O0OOODODOOODOOODOOOOOODODOO

000000000 selffrubbingd D000 OO0O

18



3.2 0000000000 DOO0O0O0 flipper rubbing

32100
211 0g0obooboobobooboobboonbg
J2000000000020000 6000 20020 1000000000

gogobobbouoggoobobouooogo-

321200000

FlipperrubbingO OO D0 OO0 O0OO0O0OO0O0OOODOODORubbercdnonOO
O00D0O0O0O000ORubbeed 00 0O00OOODOOFlipperrubbingd 00000
bbb oboboooood
00000000 1000episodedd D00 O00Oepisode 00000 DOOOOO0O
bbbt oboooood
bbb obobooobubouobooboboboood
O000O00OOepisoded00O0OO1000bout0 000000

Flipper rubbing O Flipper-to-body rubbingd O O F-B rubbing, Fig. 3-10 O
flipper-to-flipper rubbingd O O F-F rubbing, Fig. 3-20 0020000000000
F-B rubbing O OO0 O0O0OOORubberD OO0OORubbee0 OO0 OOODOOOOO
00000000000 00000000F-FrubbingOD 02000000000
goboobooooouoboobobouooooooo

Selfrubbing 0 000000000 OODOOOODOOOOOODOOOOO

OO000000O000OO00000000n0dFig. 3-3

3213 00000

O000000000O00COfpperrubbing0 0 000OO0O0OOOODOOO

19



00000000 Oflipper rubbing0 0 20000000000000000O0O
goboboboooooouooobobouougo

000000000000 0DO00NNO0O00000Fg. 340000
0000000000000 DO0DOMO0O0OO000D0O00D00d0D O Dudzinski et al.
200300 0000000000000 ooooooooooooolon
episodes O O FlipperrubbingD OO0 000000 OOO0DOOOOOODOOODODOO
godgouoobooood

Flipper rubbing OO OO0 00000ODOOOOO0OO0OOOODOOOOOO0O
godmugoboooodouooboooouoboooo@moboon
0doooooooooooobobooooooooobboooooonD 340d
0000000000 lepisodesO 00000000 DODODMOOODOOOO
oo

Selfrubbing0 00000000000 DOODODOOOOOODOODOODO
bbb obobuobouood

guobobbotoogoouobobbbgoooooboobn

3214 0000

000000 o0O00000ooooOoDOOoOoOooao flipper rubbing OO O
000000000000 00D0000D0O0 Rubberd Rubbee OO DO OODOO
000000000000 D000DOOBinomial testd 000 OO0 OO O Rubbee
O Rubbee 00O O0DOOO0OO0O0O0ODODO Kolmogorov-Smirnov test 0 0 0 O OO
bbb obuouboobouoouoboobooo
O pseudo-replicationd0 O 0 D 000000000 OOODOOODOO Rubberd O
000000000 1episodes0 0000 O0ORubbee 0000 O0O0D0OOODO 1

episodes 0000 0000DOOOODOODO100000 RubberO0OOOOOLO

20



O0O000D0DO[+£SD] 3.22 £2.76 episodes[11 121 0 00 Rubbee OO D OO OO O1
O0000D0DO0O[xSD] 2.65 £ 2.28 episodes[1322 episodes 0 F-B rubbing O 0O 0 0O 0O O
00000000000 RBrubbingOOOODOODOODOODOODOODOOOOO
0000000000 binomialtest D0 OO0 0O0O00O0OO0OO0DOOODOOOOO
godooodooooooooobooooboobuooobooooooooo 1
episodes 00000000000 DOOO 100000 Rubberd OO OCOO10O0
O000D00O[xSD] 1.84 £1.08 episodes[1]1 119 0 00 Rubbee DD O DO OOO10
O00D00D0O0O([xSD] 1.55 +0.94 episodes11] 0 1840 0 0 F-BrubbingO O O O OO
0000000000 FBrubbing 0O0O0O0OODODOOOOOOO Wilcoxon
signedrank test 0 D 000 000000000000 DOODOOOOOSOIO000O
godpP<O00O0O00OD0O0O0O0OO0OOOOOOODOOODODOOOOOOOOO
0000000000000 DMOd145000 31.7 %, 322 episodes [ 42.9%, Table
00000000000 00000O0OO0 DO 00000 OooooobooooOonO

ud

322 00
3.2.2.1 Flipper rubbing 0 O O

00000000 561 episodes O flipperrubbingOD OO0 000000000
[0 261episodes [0 108 bouts [0 00 O O O O O [F-B rubbingl Fig. 3-1[11 535 episodesl]
F-F rubbing@l Fig. 3-2[1] 26 episodes 0 0 000000 OO0 O O O OJ 2000-2002
oottt uoobuoobouooo
O0000D000O0OKogi et al. 20040 000000000 OODODOO0O 145
0 OO Flipper rubbingO0 0O OO0

flipperrubbing0 2000 0000000001 00000000O000OO
goobbobbooooobobobbboooooubbbboogoo20020 60

21



40 11010000 episocde 0O 0 0D ODDOOODOOODOOODDOOO flipper
rubbing O O O O Oflipperrubbing 0 0000000 OOO0DOOODOOODODOOO
O000d0d00oooooooooooooooooboDooDDbD94 % of 191
episodes I 00000000 O0OODOO0OODOOODOOODOOODOOODOOODOO
gbbootbootuoodoodoooboooooonoooonoouoodgn
bbbt buobbuobbuobob oo uoobuooo
000000 09.9%, 27 of 273 episodes[ 1]

F-BrubbingOD OO OO0 2-53100[xSD]8.9+9.200 000 0O0Nn=120
episodes, 0000 000DOOOODOOOOOOOOO0N episode 00000
F-FrubbingO OO OO0 2-5100[£SD] 3.4 +1.300 0 0O 0O OO n =7 episodes, [
000000000000 episode00MOO0O0O0O0OFR-Frubbingd OO F-B
rubbing 0 0 OO 0O 0O 0OOOO O Mann-Whitney U test, U = 193, z = 2.46, p=0.014)0
O flipper rubbing bout 0 O 01 bout 0 O O 2-6 episodesd] O O [£SD] 2.42 £ 0.91
episodes] 00 00 O O O O flipper rubbing bout 0 0O 0O 0O O O 7-1400 O O [£SD] 42.3 =
4180000000n=26bouts,bout 0 000 0000D0ODOOO0OO0OOOOMOMO
O F-F rubbing OOOF-B rubbing O OO bout 0O O0O0O0O0O0O0OOOOO0O?26
episodes [0 15 episodes[T]

Flipper rubbing bout O OO OF-B rubbing OO OO OO OO Rubber O
Rubbee 00O DOO0OOODOOOOOODOOORg. 35,130 0000000
56.9%[ 1]

Figure3-6 D 0O ODOOOOO0O flipperrubbingD OO0 O0O0O0O0OOOO
bbb buobbuobbuobbuobobuoobuooo
bbbt buobbuobbuobob oo uoobuooo
goooonooog, b, oo bouooou o

O, 00000000000D0O000OOCFipper rubbingd 12-160000000

22



O00D00O000Figure 3-70 flipper rubbingD 00000000 OOOOO0O
OO0 Oflipperrubbing D 00000000000 ODO0O0OOODOODOOOO
gdodoooooooobooboooooogo

3.2.2.2F-Brubbing 0 O O

F-Brubbing O OO 00000000000

Figure 3-8 0 F-B rubbing 000000 COOO0OO0OOO Rubber OO0
Rubbee 00D DDOODOO0O00O0O0ODODMMIODODODOOOODDOOO F-Brubbing
0000000000000 00Rubbee00O0DO0O0OO0OO0O0O0OP<0.056700
0731%, O00000000D00OO0O0O00000 lepisodeDOOO0OMMIO0O
00000000000 FBrubbing OOO0OODOOOOO0O0O0OOODO Rubber
O00000000000P<0.0058100066.7%, 0000000 O0OO0O0OO
000000 lepisode 00O OOMODO0OOOF-Brubbing 0 Rubbee DO 00O

O0O0O0ORubberDO0DOODOODOODOODOODOODO

F-B rubbing 0 00 Rubber 0 OO0 00 Rubbee O OO OO

F-B rubbing D OORubber OO0 O0O0ODODODOOOOOODODOOOO
RubbeeD Rubber0 0000000000 0OOOOOOOOODOODODODOO
O0000OFg.3-1, O0DOD0ODODMRubber0 0000000 ODOODOODO
OO0 Rubbee 0O DO ODODOOOFRBrubbingD OO0 3000000000000
gboooboboobooboboobd FrmBmOOOO166 000 68.1%, 0O 0O
OO0000O000O0O 1episodes0 000 0MMOODOOO0ODOOODOOODOOODO
FmBsO OOOle6 0D 0O 222%00000OO0OO0O0O0O0O0O FsBmO OO
0166000 96%00000000000000 F-Brubbingd OO O ORubbee

ORubberD00D0O00DOO0O0ODOOODOODOODOODOODOODOODO

23



glee OO 77.7%, FmBm O 0O O FsBm O 0O O [T]

F-B rubbing 0 [0 Rubber 0 Rubbee 0 00 O

Figure 3-9 0 F-B rubbing 0 O Rubber 0 Rubbee OO0 OO OO OODODOO
O000D00O0OF-Brubbing OORubberJ 0 OO Rubbee DO OODODOOOOOO
00 Kolmogorov-Smirnov test, D = 0.470, P < 0.05[0 Rubber 0 0 OO OO O ODOO
097.0%,n=1000 0000000000000 DORubbee 0000 62.0%, n=124
O0MoOO2.0%0000145% M 000065 0000000000000

goooobogod

F-Brubbing 0000000000

Figure3-40 00 OO0 F-BrubbingO O OO episode 0 OO O OOO0OO
gbootbootdoodoodoooooonoooooooouoogo
001800000 0O O 208 episodes [0 F-B rubbing 0 0 O O O Rubbee O O O 0 208
episodes [0 32.2%[111] 24.0%11] 11 10.6% [0 0 0O O O O O O O 011 50 episodes]
gobootbootdoodoodoodoooooooooonoouoogn
O000000D0OO0O0binominal test, P<0.05,Fig. 3-4[0 000000000003
0000000000000 DDOOD OO0 O Oeinominal test, P <0.05, Fig. 3-4(11
OO0smmO0000000000000000O00OO0O0OOs#000000000
O#027000FBrubbing0 00 O0O00ODO0DOO0O F-BrubbingOD OO OODOO
0000000000000 0D0O#027 O 8episodesd 6episodesI 00 000N
U0000ob0Do000ooopooosse0 000D boooooooboobooo
gud

24



000 O F-B rubbing

Figure3-100 0 OO OO O OO F-Brubbing O Rubber O Rubbee O 0O O
0000000000000 D00DO0D0O000 F-BrubbingD OO ODOOOOO
O00000D0102episodes[0320 000000 844% 00000000000

0 O Rubber O O O 11 Wilcoxon signed rank test, R =37.50,n=32 0 0, P<0.0011J

F-Brubbing 00O OO O00OONO

Table3-2 0 OF-BrubbingO OO O ODO0O0O0O0O0O0DOODOOOOOOO
000D00Mm4s0000000 322episodes 0 F-Brubbing 00000 0O OO
0000000000000 000000D0000D00D00O322 episodes O
56.2%, Table3-2l0 00000000 DOODOO3L.7% 00000000 0O0O0O
oooooeewdlidddddddddoooooooooogoggagd
oo

10bout0 00O F-BrubbingO OO OOOOODODO 200#012,#01400 O
OO00O0O#30l0002000-2002 0 000 000000O0OOO SO0 700000
F-BrubbingO O OO O#0120 0000 400#014 O 6 bouts; #007, #017, #036 [J
0000 1bouttDO OO OO 100#0890 1bouttDO O OO0 200 #060, #103
00000 1boutdDOOO O F-Brubbing OO OO O#014 0 00 O 0O O 4 00O #012
[0 6 bouts; #006 [0 2 bouts; #015, #016 D 0 OO0 1 bouttd OO OO 10 O #309
OlboutDODOODDOOO#301 000000 500#3530 3bouts; #037, #404
00000 2bouts; #160, #260 0 0 OO0 1bhoutD OO OO OOOODOODO 20
O000Oog#0120#0140 000000 bout 000 OO0OOOOOODOOODO

gogoboooodd

25



000 O F-B rubbing

Figure3-11 0 00 OO OO O OO F-Brubbing O Rubber O Rubbee O 0O O
0000000000000 O0O00 200 FBrubbingD O O0D0OOMMOOOO
120000000000000O0S000Db0O0DO0O00O0ODDODODD4DDDOO
Oooooo0oododolooooooooooooooooobooo?22 0
000 818000000000 DOOODOOO Rubber OO O OO Wilcoxon signed
rank test, R=22.00,n=22 0 0O,P<0.005[0J0 00000 Rubber0 00O OO0
0000000 9% 100000000000 2000000 Wilcoxon signed rank

test, R=22.00,n=22 OO, P <0.005[1]

F-B rubbing 00 0 00O

F-B rubbing 0 O Rubber 0 Rubbee 0D 00000000 OOOOOOO
1300000000 M400000Fig.3-500000000DO2000000O0
10MgooooobokBoo7d@obooobo44 b0 a10mgoo
gooor7do030@oobooorbg 20mbo0Jooboo14o0 7o
gooNODOOobeOOolboboboobooboobuooboboobooobog
gdomgobbboogogobboooobbobbbooooboooood

goooobboooogd

3.2.2.3F-Frubbing O O O

F-FrubbingO O OO OO0DDO0ODOOODODODODODOOODOOODODOOO
0000000000000 DO0DO0DbO0DO000kRg. 32000000000
F-F rubbingl N =26 episodes 0 00 OO0 OO0 100000000 OO OF-F rubbing
0000000000000 D00DO0D00D00D0ODO O53.8% of 26 episodesT]

240000000 21 episodesd F-FrubbingO OO ODOOODOOODOO

26



0000000000000 21 episodes 0 85.7%[11 0000 O F-F rubbing O 3
episodes 0 0 0000000000 DOOO0DOOODOOODODOOFR-BrubbingO OO
0000000 FBrubbingO OOOODOOODOOODOOODODOOO F-F rubbing
0000000000000 0000obo0oo0g FRrubbingQDOODOODO

goo

3.2.2.4 Self rubbing 0 O O

Self rubbing 0 19episodes D00 OO OFig. 330 0000DO0OOOMO
0000000000000 DODO0O000O0216 episodes [0 Self rubbing 006 000
ooooosbpoooooo20000b00000ooooolooooooo
[+SD] 1.45 £ 0.68 episodes[T] Self rubbing 0 O 0 O 0O O 1-40 O O [£SD] 3.2 £ 1.030
O00D00OOn=12episodes, OO DODO0O0O0O00O0DODODO episoded 000
000 02episodesd] 0O O 0O O OO 17 episodes, e. g. GelidiumelegansO0 O 0 0 0O O
000000000000 DobOO0000ooDoODSelf rubbingOOOOO
0000000011 episodesT] O O O O 4 episodes1] O O O O 4 episodes[11 [0 O
[ 4 episodes[1] [0 [0 O 4 episodes[1] O O O O 3 episodes[T1 [ OO O O 3 episodes[T] [J
O1episoded DO00OOFB rubbingO O O0OODOOOOOOOODOOODOOOO

oo

323 00
3.2.3.1F-Brubbing 0 Rubbee 0O OO OO OO

F-B rubbing 0 0 ORubbee OO OO CRubberD OO0 D0OODOOODODOO
OO0 FBrubbing OORubber OOOOODOOOOODODOOODOOODOOODODO
Rubbee 00000000 OO00OOOOOODOODOODOODODODOODOODOO

OOORubbee OO0 ODOO0ODODOODOOODODOODODOODODOODODOOODOOO

27



000000000000 000O00O0ORuUbbee O Rubber DOODODOOO F-B
rubbingO0 00000000 OOO0ODOOO Rubbeed F-BrubbingO OO O OOO
000000000000 0ODOODOJehnsonand Norrisd 199400 0000000
000000000000 OFmMBX, Table 3-10 0 O O O O Rubbee O Rubber 00 O
0000000000000 00000000000 F-B rubbingO*“00 0”0
O000O0D0O0O0O0ORubbee 0 OO0 F-BrubbingO OO OO OOOODOOOODO
gboooooooooood

OO0O0O0FBrubbingOOOODOOODOOORubber0 000000 OOO
00000 RubbeeODODODOOODOOOODDOOOOOOOODODODOOOO
OOd0O0D0O0OO0O0OMannand Smutsd 19990 0 0 000000000 OOOOO0O
0000000000000 D0O0000 Petting26 0 O 22 00 FmBXx, Table 3-100
D000 Rubber0 00 O0O0OOOOO0OO0OO

Rubbee 0 Rubber DO O O0O0O00O0ODODOOOOOOOODDODOOOO
gobootbootdoddoodoodoonooooooooouoogo
0000000000000 DORubbee 000D OOOOOOOOODODOOO
0000000000000 000000DO RubbeeO O OOOoOOODOOOO

googn

3.232Rubbee DO O OO OO

gagoon

Rubbee O O ODOODODODODMMOOOOODOOMDODOODOO
gooooououoooooobbbbobbbbbbboodoooooooooagd
0000000000000 0000OO0rRB ubbingOOOO0ODOOODOODO
goboobobooobooobogoboboooMB. KOO, 199910000

OOORubbee OO0 DOO0O0D0OO0DMOOODOODODOODOOODODOOODOOODOOO

28



bbbt buobbuobbuobobuobobuoobuooo
0850000000000 MOOHIcksetal. 19850000 OOO0OOOOO
bbbt buobbuobbuobobuobobuoobuooo
000000000 00000 FBrubbingO OOOOOODOOODOOODOO
gbbootbootuoodoodoooboooooonoooonoouoodgn
goboobogooogoon

0000000000000 0d0d0d0oOdOoOgOg F-B rubbing
gbbootbootdootdootdoooboooooonoouoooouoodgn
OOFB rubbingOOODOOODO0O00OO00OODOOOOOOOODODOODOOOO
gdooooooooo

oo oootdooooooooouooooonod
Xenobalanus 0 0 00000000000 DODODODOOOOOOODO Echeneis spp.O
0000000000000 O00OoOoDoODO00d F-Brubbing O F-F rubbingd
selffrubbing0 00 00O0OODOOO0OOOODDODOOrams and Schuetzed 19981
O000000000OTursiopstruncatusD OO0 DO DO0O0OOOODOOOOO
goootbootdoodoodoodbooonooooooooouoogn
oottt buoobuoobouooo
0000000000000 wbbingOOOO0OOOOO0OOOODODOODOOOO
gd

F-BrubbingO OO DODOOODOODOODOOODOOODDOOOOODDOO
O000Fig. 3-4[0Dudzinskid 19980 0 000D ODODOO0OO0OOOOODOODOOO
000 Pettingd FF,FmBx, Table 3-10 0 00000000000 O0OODOOOOO
000000000000 00D0DO00000O000D0000DOd F-Brubbing
000000000000 00D0DO000FRB rubbingOOOOOOOCOODOO
bbbt buobbuobbuobob oo uoobuooo

29



goggooooo

gagoooodd

O00O0OOOFB rubbingd Rubbee DO D DOOODOOOOOODDOOO
gbbootbootdoodoodooobooonooonoouoooouooogn
000000000000 00D0DO00O000DDO00ODOdDefran and Milberg
1973, see Herman and Tavolga 1980 0 0 0 00D O OO0OO0OO0OOODODOOO
000000000 00DefranandPryor19800 00000000 OOOOO0O
0 0 O 0ORidgway 1986; Supinetal. 20010 0 00000000 OOOO0OOO0O
O00O0O0OO0OFRBrubbingD OOODOOOOOFg. 3400000000000

0000000000000 DODOO0 flipper rubbingCD O OOOO0O
00000000000 000000000ORubbee0 000000 OODOOO0O
Rubbee OO DOO0O0OOO0ODODOOOOOOOODODODODOOOOOODODODODO
HREEN

OO0O0O0OOfpperrubbing0 000000 OO20000000000
gooooooooobbogodooooooooooooon
flipper rubbingO 00 OO OOO0O0OOO0OODOODOOOOOODODOODOOOO
0000000000000 DODOO00000ooDoODO flipper rubbing O O
gogooobooooogd

3.233Selfrubbing 000000

Self rubbingO0 00000000 ODOOOOOODOODOMODODODO
0000000000000 DO0DO0DO000 FBrubbingD ODOODOOOOO
bbb buobbuobbuobobuoobuoobuooo

OOselfrubbing0D 0000000 0DO0O0DOOODOOODOOODOODOODO

30



0do0o0ooboodoooooboHoyt18lIO 00000 oooooooooo
guoooooon

Selfrubbing O O OF-BrubbingO O OO OOODOOOODOOODOODOOOO
gooboboboodooooobobbboooooobbbboooooubbDD FB
rubbing O selfrubbingD 0D 000000 O0OOOOOOOOselfrubbing DO OO
O000D0D0O0O00OFRBrubbingOOOOOODOOOODOOOOOODDOO

O00D0000000Selfrubbing00000000ODO OO Smith etal. 1992;
Dudzinski 199811 0 0“0 00 000”0 Dudzinski 1998 0 0 000D OO OO
O00000D0OO0000O000DDOOdDefran and Pryor 1980; Reviewed by Herman and
Tavolga 1980; Hoyt 19810 0 0 0 DO OO0 O0OOOSelfrubbingD D OO OOO0O
O0000D0D0O0DOO0O0D0OD Stenella frontalis, Dudzinski 199811 [0 O OO Orcinus
orca, Hoyt 1981111 0 O [1J Delphinapterus Leucas, Smith etal. 199210 0 0 0 O O
O000000D0O000000000 Tursiops truncatus, Defran and Pryor 198011 [0
0 O O Hoyt 1981, Defran and Pryor 198011 O O O O O O O O Stenella longirostris,
Defran and Pryor 198010 0 0 O 0O O O OO O O Inia geofrensis, Defran and Pryor
1800 000000000000 00bO0b0000Ooo0ooooooooon

gogooboobooodd

3234F-Brubbing0 00 0000O0OO0ODOO DOOOOOOOO

F-B rubbingd 0 O O [Rubberd Rubbee D D000 D0OO0O0OO0ODOOODO
O0O0O0OFRB rubbingO O ODOODOODOODOODOODOODOODOODOODOODOOO
000000000000 000O00000000000000D0 0000 Drubbing
0000000000000 00000000000000000 Rubberd O
goobobbobbougogobbobodad

0000000000000 00000000D0000 F-Brubbing O O

31



000000000 FBrubOODOODOODODOODOODODODODODOODOODO
000000000000 00D0O00OConnoretal. 1992000000000
O00000D0O00D0O00O0ODReviewed by Connoretal. 200000 0000000
OO00O0O0O0O0O0OMannand Smuts 19990 000 000O0O0OOOOOOOOO
0000000000000 oooooooooooooOg 20060100
0 A A A A A A = =
rubbing OO D 000000 DODOOOO0O0O00O0OO0ODOODOO0O0O0O0ODODOOO
0002000000000 F-BrubbingDO OO OOOOOOOOO F-Brubbing
0000000000 0000 FBrubbingDOODODOODOOOOODODOOO
F-BrubbingO OO ODOOOODOOORBrubbingOOODODODOMmMOOOOOOO
oo odouooouooooood
000000000000 F-BrubbingDOOOOOO RubberOO OO0
0d0dODo000d0doDooObOO0000d0oDooOOD0OO00000ondravolga
and Essapian(] 19570 O O strokingd FsBx, FFB, FmBx, Table 3-10 0 0 00 O 0O
gdboobootdoodoodooboooooooouoooouoogo
goootbootdoodoodoodbooonooooooooouoogn
000000000000 000DO00000F-B rubbingOODOOOOOOO
0000000000000 DoOO0 RBrubbingOOOOOOOOOODOOOO
OFBrubbingOOOOODODODOOOOODDOODOOOOOOR-BrubbingO0O0O
gobobbotooogouobobooooooooon

3.235F-Frubbing0 OO OO0

F-F rubbing 0 F-BrubbingO OO0 bout 00D OOO0D0OOOOOODODOO
000000000000 000O0O00DDOOdR-Brubbing O F-Brubbing 00O O
0000000000000 DO0DO0D000 F-FrubbingOODODODOOOOO

32



0000000000000 0000000 FFrubbingDOO0D0OODOOODO
OO0OF-FrubbingOODODOODO F-BrubbingOD OO DOOODOOOOODOOOODO
OO0OF-Frubbingd F-BrubbingO OO OO0OO0O0OOOOOODOOODOO F-F

rubbingD O OO 0O00O0O00O0O0OD0O0OO0DOOODOO

3.2.3.6 O O flipper rubbing O O O O

Flipper rubbing OO OO0 00000ODOOOOO0OO0OOODODOOOOO0O
dooooooodol2-B300000ooooooooooooooooon
000014-1500000000000000Fg.3-6000000MMO0O00O0
OO0O0OooO0O flipperrubbingD 00 O00000O0DODOO

Jddooobooooooooooooooooooooooooa
gbooootbotuotdotiooooooooboonooouououoooon
gbootbootdootdoodoooooonoooouoonoouoogo
gbootbootdoddoodoodoooooooooooouoogo
gdboobootdoodoodooboooooooouoooouoogo
gbootbootdoodoodoodooooooooonoouoogn

gooooo

3237 00O 0O0bOO0OobobOoobon

gagoooogodgd

0000000000 FBrubbingO OO DO ODOODOODMMOODOODOO
OO000000000OOgrooming, 000000000 ODODOODOOODOOO
ggooooouooooobobbbobbbbbbibooooooooooad
gogoooououooooobbbbobbbbbbiboooooooouooagd

00 O Reviewed by Spruijt et al. 1992; e.g. 0 O O O, Aepyceros melampus, Hart and

33



Hart 1992; Mooring and Hart 1992; 0 0 O O O, Macaca fuscata, Muroyama 1991,
2001; OO O O0O0OO, Erythrocebus patas, Muroyama 199410 0 0 000 OO0
bbbt buobbuobbuobobuobobuoobuooo
00o0opobo0oboobooooopgUObO0bDbOooDbooLDooOooO
000000000000 000000D0O0D0000000MO Keverne et al.
19890 0000000000000 FBrubbingOODOOOOOODOOOOO
gbooooooboooououoooood
gbootooooobodooodoooooooooonoooouod
gbbootbootuoodoodoooboooooonoooonoouoodgn
00000, Aepyceros melampus, Hart and Hart 1992, O OO0 OGO OO O,
Hylobates lar, Reichard and Sommer 199410 0 O self rubbingO OO O OO0 OO0
0000000000000 D000000000Oflipper rubbingD O OOOO0O

gobooobooogoooooobobd

uoggo

0000000000000 O0DOO0O00000D0DOReviewed by Dunbar
191000000000000000000O0O0DO0O000O00O0d see Henzi and
Barrett 19990 0 000000000 OO0O0OOOOOOOOOOOOOOO0O
0000000000000 D000D0000D00O0O0DDO0 Weaber 2003; Tamaki et
al.linpress0 0000000000000 O0OO0O0OO0OOOOOODOODOODODO
bbbttt uoobuoobouoooon
guoooooon

gagoooodd

34



guooobboooooooobuooooobobbobooooo
O OO reciprocal altruismO D OO0 O 00O OO0 DO OO O OO Seyfarth and Cheney
1984110 O O O O O O Japanese macaques, Muroyama 199110 00 0O O O 0O O O
OMuroyama 19940 0 0 0 00000 oobboooooooooboooogd
0000000000000 D00O0O0000000£0, Pan troglodytes, Hemelrijk
and Ek 1991, 0O 0O O O O O, Papio cynocephalus ursinus, Barrett et al 1999001 [0 00 [
oo ooooboobobouoooood
0 Reviewed by Marino 200400 0 000000000000 0O0ODODOOOOO0O

gooooogoa

3238 000000 OOO

OOOO0OO0O0OO0OF-B rubbingD Rubbee 00 000D OOOOOOOOO
bbbt ooooood
bbb oboboboood
F-BrubbingO OO OO0 O0OOOOO0O0O0O0O0ODODOODODOOOOOODODOOO
000000 oO0000oDooOoOOrRB rubbingOD OO0 O0OO0OOOOOO0O
oottt buoobuoobouooo
0000 flipperrubbing0 OO0 O0O0O0OO00O0O0O0OOFRBrubbingO OOOOOO
oottt uoobuoobouooo
bbb buobobuobbuobobuoobuoobuooo
goooobooooogooo

35



33 0000000000000 flipper rubbing

33100
0000000000000T. aduncusd O flipper rubbing 0 O 00O 00O
gooooooooooooooooooogooooooonoooogooo

00O OT. truncatusd O flipper rubbing OO0 O OO0 OO

332 00
3321 0000000000 00000OOODODOO
Do0o0oooooooooooo Kswooooo 200000044, O
0 182m x OO 7.35m, 00O 35m, Fig. 3-120 000 00000O0OOOOO0O
O0000D0DODO0 Tursiops truncatusd 0 0O 30 00 6 00 00O 0O OO Table 3-3, Fig.
12000000 20040 11051000 6000000 Mmoo moog, O
114cmx0 1M49cmO 0 0000000000000 Sony TRVOOOU O OO OO OO
00000000000l 0Dooooooos4sd1ese Doooooooon
gsbooMmobooodoooooooomoooooo 4o0000aad
bbbttt uoobuoobouoooo
OO0 flipperrubbing 0 00O OO0OOubbing0 0000 OOOODODOODOOOO
O0O0O0OoODO0 flipperrubbing0 00000 OOOOOOOOOODOO

3322 00000
321200000Selfrubbing0 000000 DOOO0DOOODOOODOO

goooo

3323 00000

36



3213000000000 flipper rubbing O self rubbingOD OO0 O OO0
0000000000000 0000000000bO0DbOODOO

3324 0000

0000000000 Rubberd Rubbee 0000 OODOODOOOOOO
00000000 0OBinomial testtd 0 0 0O O O Rubbee d Rubbee DO OO OO0
00000000 OKolmogorov-Smirnovtest 0 0 0 0000000 OOOOO0O
F-B rubbingO Self rubbing0 0D OO0 0000000 DOOOOOOOOODOOO
O00000000Obinomialtest 0000000 OOOOO flipper rubbing O O
OO0 RubberO0ODOOOOO RubberDOOOOO episode D 0000000
000 Dbinomialtest 0 00O KSWOOOOODO flipperrubbingD O OO OO0
O0000000000D00D0000 Mann-WhitneyUtestO OO O OOOO0O0

OoOOo0ob00ooboooop<o0S0000b0O0ObDOObDbOOoDDbDOn

33300
3.3.3.1 flipper rubbing O O O

O0000D00O D859 episodes [ flipperrubbing 0 OO0 00 O0O0DOOOOOO
OO0O0O0O00000 354 episodes [0 155 bouts[d 1 bout [0 [0 O 2-14 episodes, O [
[£SD] 3.3+ 2.1 episodesI 0 0 00 O OO OO O OF-B rubbing O 805 episodesd F-F
rubbing 00 54 episodes 0 O OO (flipper rubbing0 D OO0 00O O0OOO O OO OO Table
34000000000 flipper rubbingD O O00O0O0O0O0OO0ODOOO0O flipper
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Mann-Whitney U-test, U = 2196.50, Z = 2.41, P = 0.015[1]
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00802, DO ODODOOOOODOOOOODODOODDODOOOOOODODODOOOOmm

Rubbee DODO 500000000 90000001 0000DO00DO0O0ODOO

000000000 8 episodes / OO 0 episodes, binomial test two-tailed, P
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Table 2-1. Definition for age classes of Indo-Pacific bottlenose dolphins around Mikura
Island (Kogi et al. 2004).

Age class Definition
Large girth, spots cover ventral area, usually many scars, dark overall
Adult (A) color, often swelling in genital area (difference between males and
females), female often with a calf.
Girth <adult, but length similar to A, few spots on ventral area, not
Subadult (S) . .
associated with mother.
. ~2/3 size of A (length and girth), no spots on ventral area, few scars,
Juvenile (J)

Neonate (N)

light gray body color, consistently associated with an A.

~1/2 adult size, no spots, few scars, fetal folds present, floppy fins,
always associated with particular adult.




Table 3-1. Definition of flipper rubbing behavior in previous studies.

. Suggested
Species Source Term . Category
functions
Bottlenose Tavolga&  Stroking Precopulatory FsBx,
dolphin Essapian behavior FFB,
(1957) FmBXx
Mann & Petting Grooming FmBx
Smuts
(1998, 1999)
Connor Affiliative FF, FmBx
(2000)
Connor Affiliative and
(2002) hygienic
Atlantic Dudzinski Petting social grooming FF, FmBX
spotted (1998)
dolphin Petting/Rubbing FsBx
Hawaiian Johnson &  Caressing reaffirmation of FmBXx
spinner Norris relationships
dolphin (1994);
Norris
(1991)
Wuzzles FmBx
Johnson & Pectoral whetting FFFF,
Norris (Bateson 1974) FFB
(1994)
Bateson Flipper rubbng FmBX,
(1974) FsBx
Pat-a-cake FFFF
Commerson's  Johnson & FmBx
dolphin Moewe

(1999)




Sperm whale  Whitehead FmBX
& Weilgart
(2000)
Indo-Pacific ~ This study Flipper-to-body FmBs,
bottlenose rubbing FsBm,
dolphin FmBm
Flipper-to-flipper FF

rubbing

FmBs; F-B rubbing, moving flipper back and forth, static body
FsBm; F-B rubbing, static flipper, moving body back and forth

FmBm; F-B rubbing, moving flipper back and forth, moving body back and forth
FmBX; F-B rubbing, moving flipper back and forth, body movement were not described
FsBx; One dolphin contact with static flipper on the other’s body, and swim along or
across the other’s body produced a stroking effect.

FF; F-F rubbing

FFB; One dolphin rubs the other’s body with the both two flippers

FFFF; two dolphins facing belly to belly F-F rub with their both flippers at the same

time



Table 3-2. Difference in F-B rubbing partner with sex and age class.

Partner of F-B rubbing

Sex & age class Adult  Sub-adult  Adult Sub-adult Juvenil Neonat
male male female female e e

Adult male (9) 9 4 6t 1t 0 0
Sub-adult male

-- 109 107 141 1 0
(46)
Adult female (36) -- - 31 3 77> 25*
Sub-adult female

-- -- -- 32 0 0
(19)
Juvenile (26) -- -- -- -- 0 0
Neonate (9) -- -- -- -- -- 0

Underlined figure; Dolphin pairs of the same sex in the same age class.*; All of adult
female and calf pairs in F-B rubbing were mother and her calf dyads. T; Intersexual F-B
rubbing. Parenthetic figures are number of individuals which performed F-B rubbing.



Table 3-3. Information on observed individuals in Kamogawa Sea World (KSW).

Name  Code Sex Age  Place of birth, mother Stay since
Slim S female 38 yrs* Wild 1971/11/17
Norma N female 20 yrs* Wild 1989/11/21
Vena \Y female 11 yrs* Wild 1989/12/17
Sunny Su female 1yrs KSW, Slim 2003/7/17 (birth)
Luna L female 1yrs KSW, Vena 2003/8/16 (birth)
T99 T male 45 days KSW, Norma 2004/9/21 (birth)
*; estimated

Table 3-4. Difference in flipper rubbing partner.

Slim Norma Vena Sunny Luna T99

Slim - 80(1) 36(2)  141(16)* 0 0
Norma - - 15 0 0 262(4)*
Vena - - - 2 291(30)*  17(1)
Sunny - - - - 3 1
Luna - - - - - 11

T99 - - - - - -

*; Flipper rubbing performed by mother and her calf dyads
Parenthetic figures are number of F-F rubbing.



Table 5-1. Difference in synchronous breathing partner.

Adult  Sub-adult Adult Sub-adult

male male female female Juvenile  Neonate
Adult male 8 5 9 3 0 0
Sub-adult male - 113 5 26 5 0
Adult female - - 36 19 9 (251) 3 (124)
Sub-adult female - - - 43 22 18
Juvenile - - - - 0 1
Neonate - - - - - 1

Parenthetic figures are number of episode in mother and calf pairs.



Table 5-2. Distance between individuals and time lag of breathing in synchronous
swimming pairs.

Pair Distance Time lag
Pairs including calve 1.04+0.87 0.56+0.41
- Mother & calf 1.00+0.89 0.58+0.42
- Female (escort) & calf 1.31+0.70 0.41+0.36
Same-sex pairs 1.69£1.02 0.55+0.44
- Female 1.36+0.70 0.40+0.32
- Male 1.90+1.13 0.63+0.48
Hetero-sex pairs 1.85+1.10 0.59+0.53
- Adult 2.63+1.51 0.53+0.54
- Sub-adult 1.62+0.85 0.62+0.54

Figures indicate Mean + SD.

Table 5-3. Relationships between configuration and the order of breathing in mother and
calf pairs.

Age class
Neonate Juvenile
Echelon p. 65% of 48 67% of 15
Configuration  Infant p. 93% of 16* 97% of 104*
Other p. 73% of 60* 73% of 132*
Total 73% of 124* 83% of 251*

Figures indicate observed episode number of synchronous breath in mother and calf
pairs.

Percentages indicate the number of episode in which mothers breathe in advance.
Mother breathe in advance significantly more than calves’ breathing. *; P < 0.05
(binomial test, two-tailed)



Figure 1-1. Indo-Pacific bottlenose dolphins (Tursiops aduncus) observed at Mikura
Island.

Figure 1-2. Bottlenose dolphins (Tursiops truncatus) observed at Kamogawa Sea World.
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Figure 2-1. Map of the study area around Mikura Island, and geographic location of
Mikura Island.



Figure 3-1.Flipper-to-body rubbing [0 F-B rubbing .

a; #036(sub-adult male, Rubber, above) rubbed the face of #012(sub-adult male,
Rubbee, below) moving its pectoral fin back and forth (indicated by a black arrow).
#012 moved its face horizontally (indicated by a white arrow) and reciprocally to
movement of Rubber's pectoral fin. b; #054(sub-adult male, Rubber, above) rubbed a
fluke of #083(sub-adult female, Rubbee, below) moving its pectoral fin side to side
(indicated by a black arrow) and. #083 move its fluke horizontally (indicated by a white
arrow) and reciprocally to the movement of Rubber's pectoral fin.



Figure 3-2. Flipper-to-flipper rubbing [0 F-F rubbingd .

A pair of sub-adult males (# 360; left and #271; right) conducting flipper-to-flipper
rubbing. They rubbed the frontal edge of the flipper each other similar to grinding one
knife onto another knife moving their pectoral fin back and forth.



Figure 3-3. Self rubbing.
A dolphin swam slowly while touching various parts of its body against the sea bottom.
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Lateral side Lat 26.0 67 54 +
Face Fac 8.9 50 19 ++
Ventral side  Ven 17.3 18 36 -
Peduncle Ped 154 16 32 -
Dorsalside  Dos 8.7 22 18 +
Fluke Flu 5.5 8 11 -
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Genital area  Gen 2.6 10 5 +
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Figure 3-4. Definitions of body parts, their estimated area % to the total body surface,
and amount of flipper-to-body rubbing oriented to each part.

Signs indicate a rub greater (+), less (-), than expected number of F-B rubbing
significant at P < 0.05(++ or --, binominal test).



Figure 3-5. Turn taking of F-B rubbing.

(@) No. 318 (subadult male, rubber, above) rubs the ventral side of no. 075 (subadult
male, recipient, below) with its left pectoral fin.

(b) Dolphins sometimes switch roles during F-B rubbing bouts. Here, no. 318 changed
its posture from horizontal to side up, while no. 075 changed its posture from upside
down to horizontal almost concurrently.

(c) Following the switch, no. 075 (rubber, right) now rubs the ventral side of no. 318
(recipient, left) with its left pectoral fin.
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Figure 3-6. Diurnal variation of behavioral activity and frequency of flipper rubbing.
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*: P < 0.05 (binominal test). Figure in each column is number of individuals.




100%

90%
80% Posture
70% M others
O upside down
60% Oside up
M horizontal
50%
40%
30%
20%
10%
0%

Rubber Rubbee

Figure 3-9. Posture of Rubber and Rubbee during F-B rubbing.
Figure in each column is number of individuals.
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Figure 3-10. F-B rubbing in mother and calf pairs.
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Figure 3-11. F-B rubbing in male and female pairs (only adult and sub-adult).



Figure 3-12. Observation pool at Kamogawa Sea World.
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Figure 4-1. Object carrying.
An adult dolphin is carrying a plastic bag with its left flipper.



a b
Figure 4-2. Inquisitive behaviour.
a; A dolphin approaches the camera directly. b; It turns left or right to look at the camera
with one eye immediately prior to swimming around the camera.
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Figure 4-3. Observations of flipper use during F-B rubbing.
Differences between use of the left and right fin were tested with a binomial test
(two-tailed). ** P < 0.01, * P < 0.05.
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White dolphins in the figure indicate the rubber and gray dolphins represent the rubbee.
Numbers in parentheses indicate the observed episode number of each configuration. In
this analysis, we used only the data in which we could decide the rubber and the rubbee
from video-footage and excluded cases in which dolphin(s) changed posture during
flipper rubbing.

Figure 4-4. Configuration of Rubbers and Rubbees during F-B rubbing.



Figure 5-1. Synchronous breathing.
a; Expiration of first dolphin(right) starts. b; Expiration of second dolphin(left) starts.
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Figure 5-2. Directions during synchronous breathing.
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Figure 5-3. Configuration during synchronous breathing.

This figure shows the position of second dolphin relative to first dolphin. Numbers in
this figure indicate episode number.
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Figure 5-4. Definition of distance between individuals.

Size of cell is based on the body length x body width. A number in each cell indicates
the relative distance of second dolphin toward first dolphin which is shown center of the
figure.



Figure 5-5. Echelon position (a) and Infant position (b) in mother and calf pairs.
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Figure 5-6. Distance between individuals during synchronous breathing.
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Figure 5-7. Time lag between breathing in synchronous swimming pairs.
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Figure 5-8. Relationships between distance and time lag of breathing in synchronous
breathing pairs.

MA; male adult, MS; male sub-adult, FA; female adult, FS; female sub-adult, J; juvenile,
N; Neonate

m ; male, A;female, x ;hatero-sex, [I;escort & calf, e ; mother & calf
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Figure 5-9. Positions of calves during synchronous swimming in mother and calf pairs.
Numbers shown in each column indicate episode numbers.
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Figure 5-10. The order of breathing in synchronous swimming of mother and calf pairs.
Numbers shown in each column indicate episode numbers. Mother breathes in advance
significantly more than calves. *; P < 0.05 (binomial test, two-tailed)



