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Fig. 1-1 Distribution of walrus (Modified from Jefferson et al., 2015).



SOUTHERN HEMISPHERE NORTHERN HEMISPHERE

() Resident Killer Whale

) Antarctic Type A Killer Whale

) Bigy's Killer Whale
" . (transient)
) PackIce Killer Whale

(large type B)

) offshore Killer Whale

€) Gerlache Killer Whale
(smalltype B)

(©) Type 1 Eastern North Atlantic

() Ross Sea Killer Whale
(typeC)

ubantarctic Killer Whale " (I) Type 2 Eastern North Atlantic

Fig. 1-2  Ecotypes and forms of killer whales (Modified from NOAA, 2011).
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Table 2-1  Founders of walruses in Kamogawa Sea World.

Individual No. Sex Origin Arrival date Year at birth (Estimated) Deceased date
WFM1 M Wild 12/8/1983 1983 Alive
WFF1 F Wild 12/8/1983 1983 12/19/2003




Table 2-2  Captive born walruses in Kamogawa Sea World.

Individual No. Sex Date at birth Deceased date Transfered date Sire (") Dam ()
WCMI M 6/6/1994 6/13/1999 — WFMI WFF1
WCM2 M 5/27/1997 — 1/30/2003 WFMI1 WFF1
WCFI F 5/3/2000 — — WFM1 WFF1
WCM3 M 6/1/2003 - 10/26/2012 WFMI1 WFF1
WCF2 F 5/20/2007 — — WFM1 WCF1
WCEF3 F 5/5/2010 — 1/15/2016 WFMI1 WCF1
WCM4 M 4/23/2013 — — WFMI1 WCF1
WCF4 F 5/1/2016 — — WFMI1 WCF1
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WCF2  WCF3 WCM4 © WCF4

Fig.2-1  Ablood line of walruses in Kamogawa Sea World, as of December 2016.
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B

Fig. 2-2  Walrus facilities at Kamogawa Sea World. A Arrival date - July, 1998
B: After July, 1998.
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Fig. 2-3 Measurement of body length of walrus through training by operant conditioning.
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Fig. 2-4 Measurement of length of clinical crown of left tusk of walrus through training by operant

conditioning.
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Table 2-3  Age and body length at sexual maturity of walruses kept in Kamogawa Sea World

Sex n Age Body length (cm)
Male 1 9 285
Female 2 6,9 231, 256
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Table 2-4

Reproductive record of walrus in Kamogawa Sea World.

Indi\\ll(i)(.lual Dam(2) Age Sire (&) Age C(E)?ﬁ(; tailt) N Date at birth Gesta‘&oe?y $eriod Calvil(ldgaiyn)terval Copula&t(ig;} )interval
WCMI WFF1 11 WFM1 11 3/22/1993 6/6/1994 441 — —
WCM2 WFF1 14 WFM1 14 3/13/1996 5/27/1997 441 1086 1087
WCF1 WFF1 17 WFM1 17 2/26/1999 5/3/2000 431 1072 1080
WCM3 WFF1 20 WFM1 20 3/22/2002 6/1/2003 436 1124 1120
WCEF2 WCF1 7 WFM1 24 3/21-22/2006 5/20/2007 425 — —
WCEF3 WCF1 10 WFM1 27 3/28/2009 5/5/2010 403 1081 1102
WCM4 WCF1 13 WFM1 30 3/6/2012 4/23/2013 413 1084 1074
WCF4 WCF1 16 WFM1 33 3/18/2015 5/1/2016 410 1104 1107

Mean 425.0 1091.8 1095.0
SD 14.7 18.9 17.5




Table 2-5 Reproductive contribution of male walrus, WFM1 kept in Kamogawa Sea World.

Date at copulation Corresponded age Copulation interval (day) Calving date Corresponded age
3/1/1992 9 — — —
3/22/1993 10 386% 6/6/1994 11
3/13/1996 13 1087 5/27/1997 14
2/26/1999 16 1080 5/3/2000 17
3/22/2002 19 1120 6/1/2003 20
3/21+22/2006 23 — 5/20/2007 24
3/28/2009 26 1102 5/5/2010 27
3/6/2012 29 1074 4/23/2013 30
3/18/2015 32 1107 5/1/2016 33
Mean 1095.0
SD 17.5

*:Not included in mean and SD.
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Table 2-6  Reproductive contribution of female walrus, WFF1 kept in Kamogawa Sea World.

Date at copulation Corresponded age Date at delivery Corresponded age Gestation period (day) Calving interval (day)

3/1/1992 9 — — — —
3/22/1993 10 6/6/1994 11 441 —

3/13/1996 13 5/27/1997 14 441 1086

2/26/1999 16 5/3/2000 17 431 1072

3/22/2002 19 6/1/2002 20 436 1124

Mean 437.2 1094.0
SD 4.7 26.9
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Table 2-7 Reproductive contribution of female walrus, WCF1 kept in Kamogawa Sea World.

Date at copulation Corresponded age Date at delivery Corresponded age Gestation period (day) Calving interval (day)
3/21-22/2006 6 5/20/2007 7 425 —
3/28/2009 9 5/5/2010 10 403 1081
3/6/2012 12 4/23/2013 13 413 1084
3/18/2015 15 5/1/2016 16 410 1104
Mean 412.7 1089.6
SD 9.1 12.5
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s o

Fig. 2-5 Copulation of walrus. Left upper position is female and right bottom is male.
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Table 2-8 Summary of reproductive parameters estimated from walruses in Kamogawa Sea World.

Period

Item month/date Range Mean SD Cv
Date at copulation 2/26-3/28
Date at birth 4/23-6/6
Gestation period (day) 410-441 425.0 14.7 0.03
Copulation interval (day) 1080-1120 1095.0 17.5 0.01
Calving interval (day) 1072-1124 1091.8 18.9 0.01
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Table 2-9 Physical and behavioral development of walrus calves born in Kamogawa Sea World.

Individual Date at birth Time at birth Labor presentation Labor duration Falling of umbrical Body length (cm)
No. (Confirmed) (min) cord (day) (Mesured day after birth)
WCMI1 6/6/1994 6:30 (Confirmed) — — 7 105(13)
WCM2 5/27/1997 5:30 (Confirmed) — — 2 100(0)
WCF1 5/3/2000 5:40 (Confirmed) — — 2 105(0)
WCM3 6/1/2002 14:40 Breech 124 4 107(1)
WCF2 5/20/2007 11:52 Cephalic 58 4 105(0)
WCF3 5/5/2010 21:28 Cephalic Atvtvg‘:esra;‘;;&geg as 3 110(1)
WCM4 4/23/2013 17:55 Breech 16 3 110(1)
WCF4 5/1/2016 3:42 — A e e 2 2 100(5)
Range 4/23-6/6 — Breech2 - Cephalic2 0-124 2-7 I (00(1-1131)0
Mean — — — 66.0 3.3 105.2
SD — — — 54.4 1.5 3.5
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Table 2-9 Physical and behavioral development of walrus calves born in Kamogawa Sea World (Continued).

Individual No. _First nursing Last observed nursing First eating of solid Solid food consumption  Upper tusk erupting
(minutes after birth) (day) food (day) at last nursing (kg/day) (day)
WCM1 — 679 132 13 121
WCM2 — 977 176 9 —
WCFI1 — 1120 160 17 91
WCM3 227 198 174 3k —
WCEF2 208 509 168 7 —
WCF3 182 821 161 12 245
WCM4 96 777 171 12 242
WCF4 96 Still nursing 90 — 170
Range 96-227 509-1120 90-176 7-17 91-245
Mean 161.8 813.8 154.0 10.4 173.8
SD 62.1 197.0 27.4 4.2 62.2

*: Nursing terminated due to death of dam.
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Fig. 2-6 Umbilical cord on the ventral surface of walrus calf born in Kamogawa Sea World.
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Fig. 2-7 Nursing behavior of walrus calf born in Kamogawa Sea World.
A:Onland B:Underwater.
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Table 2-10 Summary of physical and behavioral development of walrus calves born in Kamogawa Sea World.

Item Range Mean SD
Labor presentation Breech2 - Cephalic2
Labor duration (min) 0-124 66.0 54.4
Body length in cm (mesured day) 100-110 (0-13) 105.2 3.5
Falling of umbrical cord (day) 2-7 33 1.5
First nursing (minutes after birth) 96-227 161.8 62.1
Last observed nursing (day) 509-1120 813.8 197.0
First eating of solid food (day) 90-176 154.0 274
Solid food consumption at last nursing (kg/day) T—17 10.4 4.2
Upper tusk erupting (day) 91—245 173.8 62.2
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Fig.2-8 Growth of four male walruses kept in Kamogawa Sea World, respective growth curves fitted

by von Bertalanffy growth formula.
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Growth of four female walruses kept in Kamogawa Sea World, respective growth curves
fitted by von Bertalanffy growth formula.
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Fig. 2-10 Growth of male walruses, WFM1 and four captive born males in Kamogawa Sea World,
respective growth curves fitted by von Bertalanffy growth formula. CB: Captive born
animals.
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Fig.2-11 Growth of female walruses, WFF1 and four captive born females in Kamogawa Sea World,
respective growth curves fitted by von Bertalanffy growth formula. CB: Captive born
animals.
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Fig. 2-12  Upper task of male walrus, WFM1 kept in Kamogawa Sea World. It is considered to be

unusally long than wild.
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Fig. 2-13  Length of clinical crown of left upper task of four male walruses kept in Kamogawa Sea
World, respective growth curves fitting by non-linear least squares and maximum
likelihood method.

37



90 WEMI
=-0.05x* + 4.68x - 7.61
80 - d (;‘2 = 0.99)X
70
=60~ WCF3
% y =0.30x2 + 0.82x + 1.95
~ 50~ (”* = 0.99)
o=
éﬁ 40
<P]
- 30
WCF2
20 y = -0.05x%+3.51x - 4.26
(r*=0.98)
10 —
0 | | | | | |
0 5 10 15 20 25 30 35
Age (Year)

Fig. 2-14 Length of clinical crown of left upper task of walruses, WEM1 and three captive born
females in Kamogawa Sea World, respective growth curves fitting by non-linear least
squares and maximum likelihood method.
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Table 2-11  Age at sexual maturity for walrus in captivity and wild.

Pacific region

Atlantic region

Status
Captivity
Wild Wild
(Present study)
Sexual 9 - 710" 102
Male
Social 9 — ! 5(1) _
Female 6,9 Pt 410" P00

(1) Fay, 1982; (2) Mansfield, 1958; (3) Born, 2003; (4) Kastelein et al., 2015; (5) Kinoshita et al., 2012; (6) Born, 1990;

(7) Garlich-Miller and Stewart, 1999; (8) Born, 2001
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Table 2-12 Body length (cm) at sexual maturity for walrus in captivity and wild.

Pacific region

Status
Captivity .
(Present study) Wild
e8]
Sexual 285 0270
Male
‘ Q)]
Social 285 120
Female 231, 256 230-260(1)

(1) Fay, 1982
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Table 2-13 Reproductive parameters for walrus in captivity and wild.

Pacific region Atlantic region
Captivity
Item Wild Wild
(Present study)
n Mean (Range) n
. . M @ 3
Gestation period (month) 8 13.9 (13.2-14.5) 1 15 15-16 12.5

. . 1 @ @

Nursing period (month) 6 26.7 (16.7-36.8) 1 18 24 2527
Calving interval (year) 6 2.9 (2.9-3.0) - 2(2) 2_3(3)(5)

(1) Kastelein et al., 2015; (2) Fay, 1982; (3) Mansfield, 1958; (4) Fisher and Stewart, 1997; (5) Garlich-Miller and Stewart, 1999
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Fig. 2-15 The shortest reproductive cycle of female walrus.
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H AW,

R, N7 U T HEOREICET D HFSE Tl Gompertz O E #fRX 2 < A b
T#Y  (Perrin and Henderson, 1984; Doidge, 1990; Read and Gaskin, 1990; Read et al., 1993; Ferrero
and Walker, 1995; Fernandez and Hohn, 1998; Clark ef al., 2000; Robeck et al., 2005) . JeATHIE & 0
el 29 5 72 OIZANFSE T b RO LL TN IR TRk i = vz,

L=Aebe™
ZIT A xKEE b AR kRS ¢ Bl T,

3—2—4 PR

JeATHFZE (Robeck et al., 1993; B(%,2008) (2 L7723\, 2 R Z L IcBRImE L, A AL+
FARATOUEE, A ZATIEM T 7 0 2T 0 ORI S (Ing/ml LAE) 2k vk
FREMZIE L2 b 0 LW A2 U, PERGEMAR I, MEREVIEE B DR OWEM & Lz,

3—2—5 xJE

EEEORRBAMR LT HESMZ, R=AOBHMEDO A AT NITH 2R LB b E T
(Flg 3-4)0 =ﬂ6@$1ﬂ75’%ﬁ‘flhﬂ,’] (RS éﬂf_ i ﬁﬁmu?‘ﬂ H 75’% ‘fkﬁﬁuu_‘ H if@ﬁ;ﬁﬁfﬁ s
L7,

3—2—6 HEHRIAM - HIPERHE
IEERZNE, 2 WS LI ERT AM P T e S AT a CRED ERICE VATV, AT
(Duffield et al., 1995; Robeck et al., 2004; Robeck and Nollens, 2013) (Z L7223y, M7 m &7 2
7 u R ERATORAMNER & EAROWEROPR A 28R A & U, R 2 R E L7,
HEERIFRI, e L CHIENRRO b BE ORlEE L7,

3—2—7 JERE - {TEME

WX H R ORI OB L L, HEREDSHER SN T HERORANLET 2ETD
WIRIE, 24 WIS 2 ke L7,

51



Table 3-1 Founders of killer whales in Kamogawa Sea World.

Individual No. Sex Origin Arrival date Year at birth (Estimated)  Transfered date Deceased date
KFM1 M Wild 11/4/1985 1982 12/14/2011 8/2/2014
KFM2 M Wild 3/29/1988 1985 — 12/20/2012
KFF1 F Wild 3/29/1988 1983 — 10/7/1997
KFF2 F Wild 3/29/1988 1987 12/14/2011 —
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Table 3-2 Captive born killer whales in Kamogawa Sea World.

Individual No. Sex Date at birth Transfered date/Loan period Deceased date Sire (") Dam (%)
KCF1 F 3/3/1995 — 3/3/1995 KFM1 KFF1
KAMI1 M 10/5/1997 — Premature KFM1 KFF1
KCF2 F 1/11/1998 — — KFM1 KFF2
KCF3 F 2/8/2001 — — KFM1 KFF2
KCF4 F 5/31/2003 — 4/26/2006 KFM1 KFF2
KCF5 F 2/25/2006 12/4/2011-12/8/2015%% — KFM1 KFF2
KCM1 M 10/13/2008 12/8/2015%3%% — KFM2 KCF2
KCF6 F 7/19/2012 — — KFM2 KCF2
KCF7 F 11/13/2012% — — KFM1 KFF2

*:Born at other facility
*%: Loan period at other facility

%4k : Transfered date
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KCM1  KCF6

Fig. 3-1 Ablood line of killer whales in Kamogawa Sea World, as of December 2016.
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Fig. 3-2 Killer whale facility at Kamogawa Sea World during present study.
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Fig. 3-3 Measurement of body length of killer whale through training by operant conditioning.
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Fig. 3-4 Copulation of killer whale. Left upper position is female and right bottom is male.
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Table 3-3 Age and body length at sexual maturity of killer whales kept in Kamogawa Sea World.

Age Body length (cm)
Sex n
Range Mean SD Range Mean SD
Male 2 =10-12 495, 569
Female 5 6-11 8.8 1.9 446-504 480.2 223
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Table 3-4 Reproductive record of killer whale in Kamogawa Sea World.

Individual Gestation period  Calving interval

No. Dam (%) Age Sire (") Age Date at copulation ~ Date at birth (day) (day)
KCF1 KFF1 11 KFM1 13 — 3/3/1995 551 —
KCF2 KFF2 12 KFM1 16 7/8-28/1996 1/11/1998 541 —
KCF3 KFF2 15 KFM1 19 8/6-28/1999 2/8/2001 541 1124
KCF4 KFF2 17 KFM1 21 12/2/2001 5/31/2003 539 842
KCF5 KFF2 20 KFM1 24 8/15-20/2004 2/25/2006 549 1001
KCM1 KCF2 10 KFM2 23 4/14-16/2007 10/13/2008 537 —
KCF6 KCF2 14 KFM2 27 2/14/-3/7/2011 7/19/2012 507 1375
KCF7 KFF2 25 KFM1 27 4/4-6/22/2011 11/13/2012%* 526 —

Mean 536.3 1085.5
SD 14.1 194.7

*: Born at other facility
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Table 3-5  Reproductive contribution of male killer whale, KFM1 kept in Kamogawa Sea World.

Date at Copulation Corresponded age Calving date Corresponded age

Not Observed 12 3/3/1995 13
6/8, 9/1996 14 10/5/1997 15
7/8-28/1996 14 1/11/1998 16
8/6-28/1999 17 2/8/2001 19
12/2/2001 19 5/31/2003 21
8/15-20/2004 22 2/25/2006 24
4/4-6/22/2011 29 11/13/2012 30
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Table 3-6  Reproductive contribution of male killer whale, KFM2 kept in Kamogawa Sea World.

Date at copulation Corresponded age Calving date Corresponded age
4/14-16/2007 22 10/31/2008 23
2/14-3/7/2011 26 7/19/2012 27

Table 3-7 Reproductive contribution of female killer whale, KFF1 kept in Kamogawa Sea World.

Date at copulation Corresponded age Date at delivery Corresponded age Gestation period (day)
Not observed 10 3/3/1995 11 551
6/8-9/1996 13 10/5/1997 14 483%

*: Premature
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Table 3-8 Reproductive contribution of female killer whale, KFF2 kept in Kamogawa Sea World.

Date at copulation Corresponded age Date at delivery Corresponded age Gestation period (day) Calving interval (day)
7/8-28/1996 9 1/11/1998 11 541 —
8/6-28/1999 12 2/8/2001 14 541 1124

12/2/2001 14 5/31/2003 16 539 842
8/15-20/2004 17 2/25/2006 19 549 1001
4/4-6/22/2011 24 11/13/2012 25 526 —

Mean 539.2 989.0
SD 8.3 12.5
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Table 3-9 Reproductive contribution of female killer whale, KCF2 kept in Kamogawa Sea World.

Date at copulation Corresponded age Date at delivery Corresponded age Gestation period (day) Calving interval (day)
4/14-16/2007 9 10/13/2008 10 537 —
2/14-3/7/2011 13 7/19/2012 14 507 1375

Mean 522.0
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Table 3-10 Summary of reproductive parameters estimated from killer whales in Kamogawa Sea World.

Item Seasonality Range Mean SD CV
Date at copulation Opportunistic
Date at birth Opportunistic
Gestation period (day) 526-551 536.3 14.1 0.02
Calving interval (day) 842-1375 1085.5 194.7 0.17
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Table 3-11 Physical and behavioral development of killer whale calves born in Kamogawa Sea World.

Indgzi;iual Date at birth  Time at birth pregjrtl)tg{ion Wateiilr)rrlgaking Du;a;lt(ilot% l:l)lest\;)vreoetr;u \:ia(l)tre;r l()rr;:ie;ll;ing Labo(r rr(llililr)ation Falliggrgf( gg;l;rical
KCF2 1/11/1998 8:01 Caudal 5:11 11 170 25
KCF3 2/8/2001 7:25 Caudal 1:59 49 326 14
KCF4 5/31/2003 18:18 Caudal 12:48 185 330 9
KCF5 2/25/2006 8:11 Cephalic 3:10 150 301 19
KCM1 10/13/2008 11:44 Caudal 8:35 120 189 22
KCF6 7/19/2012 18:24 Caudal 17:13 11 71 11
Range - - g:;g:lll > - 11-185 71-330 9-25
Mean — — — — 87.6 228.0 16.6
SD — — — — 67.8 90.0 5.7
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Table 3-11

Physical and behavioral development of killer whale calves born in Kamogawa Sea World (Continued).

Individual  First nursing Last observed First eating of csr?;ilcinf;t(i)gn ~ Fetal lines Ug IPue ;&Egh L%Yue;t;relgh
No. (min after birth) nursing (day) solid food (day) at last nursing (ke/day) disappeared (day) (day) (day)
KCF2 3264 674 118 25 — 86 111
KCF3 6226 640 129 25 — 70 143
KCF4 2248 750 116 27 — 79 103
KCF5 3147 787 125 27 110 80 134
KCM1 1480 679 116 25 88 80 101
KCF6 903 418 96 9 — 71 105
Range 903-6226 418-787 96-129 9-27 — 70-86 101-143
Mean 2878.0 658.0 116.6 23.0 99.0 77.6 116.1
SD 1880.5 118.1 10.4 6.3 — 5.5 16.2
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B

Fig. 3-5 Labor presentation at delivery of killer whale in Kamogawa Sea World.
A:Caudal B:Cephalic.
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Fig.3-6 Fetal lines of new killer whale calf born in Kamogawa Sea World. Ventral lines are remained
from fetal stage before birth.
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B

Fig. 3-7 Teeth of killer whale kept in Kamogawa Sea World. A : Calf (KCF6)
B: Adult (KCF3).
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Fig. 3-8 Nursing behavior of killer whale calf born in Kamogawa Sea World.
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Table 3-12 Summary of physical and behavioral development of killer whale calves born in Kamogawa Sea World.

Item n Range Mean SD
Labor presentation 6 Caudal 5. Cephalic 1
Duration between water breaking and fetus protrusion (min) 6 11-185 87.6 67.8
Labor duration (min) 6 71-330 228.0 90.0
Falling of umbrical Cord (day) 6 9-25 16.6 5.7
First nursing (min after birth) 6 903-6226 2878.0 1880.5
Last observed nursing (day) 6 418-787 658.0 118.1
First eating of solid food (day) 6 96-129 116.6 10.4
Solid food consumption at last nursing (kg/day) 6 9—27 23.0 6.3
Fetal lines disappeared (day) 2 88—110 99.0
Upper teeth erupting (day) 6 70—86 77.6 5.5
Lower teeth erupting (day) 6 101—143 116.1 16.2
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Fig.3-9 Growth of male killer whales kept in Kamogawa Sea World, respective growth curves fitted

by Gompertz growth formula.
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Fig. 3-10 Growth of female killer whales kept in Kamogawa Sea World, respective growth curves
fitted by Gompertz growth formula.
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Fig. 3-11 Growth of female killer whales, KFF1, KFF2 and four captive born females in Kamogawa
Sea World, respective growth curves fitted by Gompertz growth formula. CB : Captive
born animals.
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HIER LT WUV CH D WetE b H D, ETo, B0 ARR Z B 5 2 2T L7
IET D EBZDNLD, KFEOBEIHS AT MIRERHAHETH Y | BIHL AT KNI A
TEEEFCIE, BAasaiettb b s, £o, fF FTOMRIE. BEA A & O EREBELTE 7R
ELEBEEHE EOHKLH Y, BT LLZOMOEREZ KL TWWRWES S H DD T, it
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DUETHDH, AL (2011) 1%, KHREE &V 9 BHA CTRUEE L IRE SN2 BREE T T
MEATEN ORI, EETARTNIERS20nE LTS,

3—4—2 A ADOMRBVARE

A ADVERBE RS 2 8 TOHE & BERM OB 430 & O briid % Table 3-14 1R L
7= ABFFERE R TIZ, ) 480.2 cm (446—504cm) T, T A UH « =T —)L RO TIL,
W) 483.7cm (435—523cm) Tdh 7= (Robecketal,2015), —J7, ALAEPEILES - FEL 25
> OEEFERBNC X HHFSETIE, 460—490cm T (Olesiuk ez al., 1990) . filE N OBFSEREF & 1%
E—H L,

3—4—3 A ADOVEREAFER - R E

A A DVERBEEE B X OVEREA R BT 2 8 T HrfE & BE& o B A4 ATl & o b sk
% Table 3-15, Table 3-16 |Z7R L7,

Bigg (1982) 1%, A ADRERIT kMM E L TEELOREND Y, BRI YLD
FERENZEALT 5 & L, AEREEEIEE - i L o7 v NOEEEBIC L A%ETIE, 2o/ e L
DIZRE L 0 PERGR M 2 HEE L T\ D, Olesiuk ef al. (1990) 1%, PERGEERNIX 10.5—17.5 5%
T, KK 580—610cm & L, ZDOHOFMAIZL Y, Olesiuk etal. (2005) (X, febEVMEMKT9
. 81%2N 11—15 I CHE LV OIRENGE D . & 34, 87%0 5—6 £ TR T L. il
PERCMZET D DX 16—21 & LT\ D , £72, Matkineral. (2013) (X, ALXEFERET 7
AHVTT Y R T, BRI ET 201, 123183 k& LTWb, —J7, ALK
PEEARRE ORI E O TlE. BEEINEO “RE#IC L 0 | PERGBVERNIE 15 5% T,
A F1% 550—660cm & LTV % (Christensen 1984), 7 A U 4 « & —U—/L KT, A ADIER

BRI FEAADFRHEE LY 10 M THEMEITE L TV, &b AV & I3V 2728
W ERE LTS (Robeckeral.,2001) . AAFIEIT, I bHENENEBZZ ONLMHPT X F R
TRUVREZANTEY, 1 Bl 10 ST TICRERBING L TR0 . TOROKEREIT
569cm Th o7z, Fio, 1 PUIFHREID 12 5 CTHR L. T ORFOKRED 495cm Th -7z,
Katsumata (2010) & A&fil % A4 2 OVEREFER & i L, Robeckeral. (2001) & Zh sl AL,
A ADOMERREF#Z 10— 12 5% & LT\ %, KFML IZRERTIEH D03, 12 ERHCRRE L
LBz AL, HFO KFFLITHHELY LT\ 5, —J7, KFM2 1%, FEEFEEID MR S iz 10 4%
D 22 IERHIHID TR AR S, FHTD KCF2 2MTHRE LT 5, KFF2 @ 2 H OALRIC
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DIRM DAL, 1999 FEIZ KFMI & O THERB STV 5725, Z ORF, KFM2 |39 TIZHFHERE
B3 ehE > TH Y  KFM1,KFF2 & [AJE L TV 7225 KFF2 & OAZJRIIMERR STV 720, KFM
DIFPERETHY | ZRIZITWIZEDRholobDEBE R bz, D%, KFEM2 [ZHEINE K &
FRJEEFICRRITHR ST FI0 THIMER & RS L7z 22 3% THIO TR SRR S 4L,
PRI 2o 70, E72, RRICB L Tid, AAFZERERCTIE. PERREAREIC A A 2 BHIZIE 74em D
RRZAENED bz, 1 B, AEREFEOFMEME G L AR OfENTH Y 1 BTN
W R E o 7oy IEW R OMKE LB 2 b,

Perrinand Reilly (1984) 1%, A XA OMEREIT, RN THEFIEEN MG E > T2RFE LTWD 23,
BHERMZF D E T, SRS BET HLERH D L L, KM (1974) HFEIZ L - T,
IR LW EBFHICIEBIMTE RV IR L T D, R (2011) 13X, A ADMERL
Rlix, OO TH DRI VGO DB @A ZAZMRSE 5 2 & A EBRIZ ATHE
EIRDEBE @ARZVEDIT, HDOWVIIMOBFRF 2R L TA A ZIRSE 25 Z L 3w
BE & 72 D EYE T, @O BFEIIHERIEEA & KX D 23, ATEIEMRER RO T, EROITEE
LZLEBFHIEZ LRWIRY | B 7 HIENI T E 9, fC X o TAHEBRREL & H i e
S AL A A DBEFERRINE OfFIE, 206 OFEOITEI =0T —~ D 12L& LT, £,
- A4 (2017) 13, WL O A A DOPERCEM T, FFE] 2 22 TR IZEIT T 282 TH Y |
ZDOEFRITIAALEARTEERTHY . BAMERMERADZ A I IR E LTS,

AAFFEAE LT, AFED A A OVERERIZBE L T 3 DO FIENH LR o7z, T
b AR TOMET A b AT v AEREIZ L D T57E, EEERIC X208 THw s
RRMEIZ X D Z IR MBI &5 G, SN X 25 4E T ToMETHW NS
ELOHEIC LD HETH D, HEREADHIEICIE, FAEEICE D2 b0 RG EfE B2 D
N0, BIRAMTFHIITEIE~OSN, T7hbb, #HSPRANREETHY , WIThOFiE
THIEMICITEETE T, SBROBELZ L NI,

3—4—4  GEYRHIRH

IERE 7RI I B 2 W& 138 E T B L v <, BIFFERERE T AV« =D —)L
RO & O HER % Table 3-17 (28 LTz,

AR LT AU F « 2 —U—)L FIZEBIT DEERZHNEL, PR T T e r 271
REZHNTND, 7AV « —=U—)L RTO®EITELIH Y . ¥ 515536 HTH-T7

(Walker et al., 1988; Asper et al., 1992; Duffield et al., 1995; O’Brien and Robeck, 2010b; Robeck and
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Nollens, 2013; Robeck e al., 2015) , ABFFERER CTITFEE 536 H (507—551) T, 7 AU - o —
U=/ ROWELIFFE B L THY . AEOMIEMMIL 17-18 » A LB x bhl, fF FIC
B D HEMBNIERTH D Z EITURTH LD, ZHH O EMRREIRNETHL, T A
B e —U—L RTIE, JEI0A ORI H I8 T 72 BN (Robeck etal,, 1993) & 5%, Al
% 5—10 BICAZRDRDHNTWAD (Asper et al., 1992) . AWFFEHE T Tix, HEUNHFTZ 124
BATERCRR N & o 1o EHEE SN D FFNIERIRH Y . £ b ORERMIMIT, K&ZT 80 A7
Sl Z & XY, BRBEIC L DZROHEEIL, AERBIFE OHEEIIIFEMES T AU - &
—U— L REBXOARMFETER L TWDIMF T el 27 a U REIC L DHEEFIEN L Eif
LEZONT, o, ZOREHERONIL, 5L L bR IRRBELTHLT L LN
EBRBHHZ L ZRBOREBET DI LETEL TND,

3—4—5 $ZILHIMH

IEfE 7R MBI BT 2 &I IETE Tl L7 < | KRR AT v F o T Ly
A7 RVT 4 FVTRET AV T —U—)L RO L Ok % Table 3-18 (2" L7z,
AWFFERERTIL 13.7—-25.8 » A, MR TIX, 15—24 » A TIZEFEEROFER & 7o 72,

3—4—6 HPEMIE

HPERMPRIZEE S 28 F T ol & BERN O By A S0 rfifl & o bLlgesk A Table 3-19 (2R L7z,

AR PEPEAR AR RE OB ARG 2 O T2 7E s ik, SF%) 5.06 4 (3—144)  (Kuningas etal.,
2014) Th oz, HARFHEIE - ML 7T > b T, FHSAE Q—124) | 514 39
) . 494 (1—144) T (Olesiuk et al., 1990, 2005; Robeck et al., 2015) | LA FEERET 7
AHVLYT R TEE EE 494 3—T74) (Matkineral,2013) L#ESh Wb, fAEF
DT AV A+ =T =)L FTOWREITEBIH 0 . F 29 4F (2.6—3.14) | 334 (2748
) L 404 (1—104) & &1 (Asperetal., 1992; Duffield et al., 1995; Robeck et al.,2015) . A
TFFERE R DL 2.9 4 (2337 ) LIZFR U Th o=, flE Rl & 5L 8l Tk
FEENRO BT,

Olesiuk eral. (1990) 12 KAUIE, ALRFFFEALES - L 27 > MBI 2F&H ., HIZEEDO RS
372 <. WATOHERBOIEERDS 26O TH D, BAETOMEIL, FEESTED D WL,
FERFFZIT T CTIOTAEFBET LW b DITEENT, HEOHRIZET R EMEL, 2»
D, FAETOREELE, —J, fE F CTOHERRBERIIIZE 100%E 52 b, BAETO
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WHIERR &0 BRI WS, PRIRERE D A 2 DIF(ER KR LT WRER H D E B A b,
REOHERRE B bND, o, WITRHIECIREER & O ANBRER EORIKbE TN D
DT, SORDMPNLELEZ BN,
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Table 3-13  Age at sexual maturity for female killer whale in captivity and wild.

Captivity Wild
North Atlantic region North Atlantic & North Pacific regions North Atlantic region North Pacific region
(Present study)
n Mean Range n Mean Range Source Range Source Range Source
5 8.8 6-11 6 8.3 8-9 (1) 6-8 (2) 10.6-16.6 3)
9 9.0 5.8-12.0 4) 10.6-15.6 (5)
9 7.5 5.7-8.5 (6) 10.6 (7)

(1) Robeck et al., 1993; (2) Christensen, 1984; (3) Olesiuk et al., 1990; (4) Robeck et al., 2001; (5) Olesiuk et al., 2005; (6) Robeck et al., 2015;

(7) Matkin et al., 2013
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Table 3-14 Body length (cm) at sexual maturity for female killer whale in captivity and wild.

Captivity Wild
North Atlantic region North Atlantic & North Pacific regions North Atlantic region North Pacific region
(Present study)
n Mean Range n Mean Range Source Body length Source Range Source
5 480.2 446-504 9 483.7 435-523 (1) 520 2)(3) 460-490 (4)

Robeck et al., 2015; (2) Christensen, 1982; (3) Christensen, 1984; (4) Olesiuk et al.,1990

86



Table 3-15 Age at sexual maturity for male killer whale in captivity and wild.

Captivity Wild
North Atlantic region North Atlantic & North Pacific regions North Atlantic region North Pacific region
(Present study)
n Range n Age Source Age Source Range Source
2 =10-12 1 10 (1) 15 (2) 10.5-17.5 3)
16-21 (4)
12.3-18.3 (5)

(1) O'Brien and Robeck, 2010; (2) Christensen, 1984; (3) Olesiuk et al., 1990; (4) Olesiuk et al., 2005; (5) Matkin et al., 2013
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Table 3-16 Body length (cm) at sexual maturity for male killer whale in captivity and wild.

Captivity

Wild

North Atlantic region

North Atlantic region

North Pacific region

(Present study)
n Body length Range Source Range Source
2 495, 569 550-610 (1) 580-610 (2)

(1) Christensen, 1984; (2) Bigg, 1982
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Table 3-17  Gestation period (day) for killer whale in captivity.

North Atlantic region

North Atlantic & North Pacific regions

(Present study)

n Mean Range n Mean Range Source

8 536 507-551 2 515 509-520 (1)
7 515 508-522 (2)
10 517 468-539 3)
- 530 466-561 4)
12 536 509-563 (5)
33 532 473-567 (6)

(1) Walker et al., 1988; (2) Asper et al., 1992; (3) Duffield et al., 1995; (4) O'Brien and Robeck, 2010; (5) Robeck and Nollens, 2013;

(6) Robeck et al., 2015
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Table 3-18 Nursing period (month) for killer whale in captivity.

North Atlantic region
North Atlantic & North Pacific regions

(Present study)
n Mean Range n Range Source n Range Source
6 21.6 13.7-25.8 2 18-24 (1) 1 18 (2)

— 15-24 (3)

(1) Kastelein et al., 2003; (2) Asper et al., 1992; (3) Robeck et al., 2001
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Table 3-19  Calving interval (year) for killer whale in captivity and wild.

Captivity Wild
North Atlantic region North Atlantic & North Pacific North Atlantic region North Pacific region
(Present study) regions
n Mean Range n Mean  Range  Source n Mean  Range  Source n Mean  Range  Source
4 2.9 2.3-3.7 7 2.9 2.6-3.1 (1) 25 5.0 3-14 (2) 75 5.1 2-12 3)
4 3.3 2.7-4.8 4) 150 5.1 3-9 (5)
24 4.0 1-10 (6) 139 4.9 3-7 (7)
174 4.9 1-14 (6)

(1) Asper et al., 1992; (2) Kuningas et al., 2014; (3) Olesiuk et al., 1990; (4) Duffield et al., 1995; (5) Olesiuk et al., 2005; (6) Robeck et al., 2015;

(7) Matkin et al., 2013
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3—4—17 KE

VY FIETa LA T o TREPERYD | FRICHERD D ZLRMBNTND (NOAA,
2011; Jefferson ez al., 2015) , ABFFEIZ IV EARIT, REBILRETES A 1 Dxaxz 4 T LEZ
S L, Christensen (1982,1984) (Z& % &, PEREMARIZ, AR 550—610cm, A A 460—520cm
EHEIN TS, F72, Foote et al. (2009) 12X D &, A AKERDOFHREIT 630cm THK
{AFR1% 650cm & LT\ %, Christensen (1982,1984) 1%, iR MR % RD T T, 77
Thbuthrl HE. BB IEORKERIZTEZNEN 670cm, 550cm Th o7z, AWFFETIE,
KL ORI E RO ZD ) BIERETE L2 4 2 OB EIL, ALK TH 5 KEMI
73 651cm, KFM2 73 597cm T 0 | WiFHAD I Sdem TH o7z, F7o, HERHFOERKREIT,
KFM1 7% 66lcm, KFM2 73 577cm C, WEHD 7T 84cm T o7z, Z 0 2 BITMERLRERLFIZ
X, N2 569cm, 495cm & CIZ#EAS S U | Christensen (1982,1984) D77 7 Tk, 22 i%
T 670cm & 580cm OEEARD HNDHZ & L0, WEEOZETEFFHEOMEEEICES LD
EHEI S LT, — 07, A AOAIGER KFF1 & KFF2 O ERIZZE1 568, 521em, PERL
P EE L7 B A 3 SO SRR 1T 523, 541, 540cm TIEIEFBEOEERB TH 72 L&
LTz,
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i

Viranlly e w =3
R4 /\%/El\%é%

BATOERDBDIRNE A ~L BT A TF LUy FIZELT, fE FCORMMICHRZS
P ZRBIERIC LY | EWERRREE, FRCHERRR, IR, BRI, PER R & o B
FEPEECHT A F ORI T D5 EM 22 G A 155 2 L AT & B AER OfEE OB 7T iR
R &AW BlER A T b LI ARRRRZED O Tl 5 2 L SRR Bl A e d 5 BT ME
TR DMERHABMNERS AN THL Z BRI LN E o7z,

A% Gt E TR & B TR IC B3 2 AT o bl & Table 4-1, 4-2 (TR L
7=

YA UFOEGE ECBT A EE TFRITEA TR ST, ARBELME— DR St & B Z
D, AWML L TS DAV AERIIME ., BRI, MERRICEI L CTid, AERERAEGD
Nz e EZ B, PR L Tl BASEE O OMFRIT. PIWEERIRIFZE & iR A RF S &
Ez b, A%IF FEREEEZ AN FRMREORESIGFIND, £, FADMHS
HIREMCBI L T, A% OME LB 2 bz,

X FOERE L RICET 2B THZEIE. T AU - =T —b RIZBIT TR L R
=T =)L RIZBIT 24T LOARMIED B 505, BAEMIRICEI T D 0F7E, Rl (B4R
Mz AW Bl e T L LR D b FERIERPEONIZEE X b, FrHERRIC
B3 2808 TICBT 2 NDWEIFZL, AEOBERMZ M5 ECEHAThH D, 7. E
BB COMRROB S AT EE OGN LH 0 . K OREORWERES 501X, B4
TCTOBELEE T TONBRERECENTLILENDHD LB X BN,

MR PEMFLIERTZEIT, T X D A7 ERE R IO T B R 2R TR R O BT L 0
BLTE 7, IiH, Y TN RUA VT Tursiops truncatus 73 L8 % k5 & U 7= B o8l 42
ol & LI2 EBSER RIS K AR A TE TV D28, 2D OFFFTICIL, g (K<
BEENGHELNTET =2 BIHEN TS,

il T OMAHEREE NI A TOM 22 EMICHBT 5 Z L ITAARETH D, Lol flE iR
DEFER, flF - ERBEAMORRICE b2, TF, WE MEEWLEOE SRR L, v
¥ F I AR L ZIEFERR, N RO AT TIEBAER LY & WAEFREZ R THR S M
BLLTW5 (Venn-Watson et al., 2011; Robeck et al.,2015), ZDZ L2k b, EMfAEZ L7~ f#
PR A A SRR © X 2R A FH W IR E O RS FTREIC /e > TE TS, F7a, K
FFRICH VAT RIS R D N L—= 0 V2R T 5 7R, IR BRARFZE ik
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TbHH Y, HIFOEARIC LY | KE, KEOFHUCAEALOSMBFHA, AIREE, Mk, $it.
R, AE, MER, RS, AR T 72 EORE, BERBEBRESL Y N UBREATREE 720 |
EFEHIOCHT 2720 TR R Extg L LERBEE=4Y 71X VKEDEWN
HIUWAFRIMF OB AR PR - AR RE B RE, AT EN 22 EICBI T D IFSES ATREIZ 72 > T & T % (Ramirez
1994; Robeck et al., 2002; Brando, 2010; O’Brien and Robeck, 2010b) .

IS OEE FTOMIL, HGHETITEA THT, MIFEPRIC L 55 /vE 8fe, 4RO

IR EHEZEN & 2 B FEEROFIIC LY | AR TIE. N RO A HEIRJE
- SRR - AIPEIR (AEHR) ARiD - A A OAFR MR -+ B (Urian et al., 1996,
Robeck et al.,2005; O’Braien and Robeck, 2006,2010b) . < F 2\ KA /L Tursiops aduncus
HEGR ] « SEARIIR] - 7 2 O A BEAEROME RV s - 554 (Brook, 2001; Yuen ez al., 2009; O’Braien
and Robeck, 2010b) , T A1 A V71 Sousa chinensis : YEIRFE I « LEHRIART - B4 (Brook
etal.,2004), 51~ A /L7 Lagenorhynchus obliquidens : HEJRJEH « 1EARHIRE] - Z5EE] (Dalton et
al., 2005; Robeck et al., 2009; O’Braien and Robeck, 2010b) . 43 =2 N7 Pseudorca crassidens :
PEHRIAM] - RPN (WEHR) Al - 25 (Atkinson et al., 1999; Robeck et al., 2001; O’Braien and
Robeck, 2010b) , /L —7J Delphinapterus leucas : HEINEM « (EURHIM - FIPEON (WE4R) Fn -
A A DAEPREEHOVERAER - B (Robeck et al., 2005, 2010; O’Braien et al., 2008; Katsumata,
2010; O’Brien and Robeck, 2010a, 2010b) , * & X A /L7 Phocoena phocoena : HEINJEH] - HIHER
i - B (Araietal.,2017) 72 & OEWZLEIRFEERA S NIC /> TETWD, b
BE SN CORERTH DM, 4k, MRBEEENHAD Z LIk, SHITRETF
DIEE HED TREEORWIFENFENEARE T 5, £z, AARDOKIREE TIL I 6 OFELIANT
AF AV Neophocaena asiaeorientalis, 7~7 = R Grampua griseus &3 EEE CTHE ST
LDT, SHBOFEERBHGIND,

Boydetal. (1999) 1%, fEMPEOEIICIT 5 L v a—0 T, EMREOEIHIZ B 2781
FWEY T PEETH 05, TOMRITITRFMZLE E U, SRR MR, R AR OMRL
AEENZBE T AE WM . FRUCIIER L XLV O RIS MLETH DL E LTS, A
U F o, MR R D EIE O AW R RIS BT 2 USRI, IR R IR AN B D 728D
REETH D, ML TRV, BARFEDICAERT L STEOTHT VEHD S b 4 FEITiioKk E T
SHY D720, BHERFEEIC BT 2R D2, AROKBEIE TR Z<AFS N TV DL T
T 0%, WK ECEIES D 2~ 7 7Y T Y Phoca largha C., fiE FTEIELHELTWEDT, 4
%, B N COMERHIRF SN D,
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Robeck eral. (2001) 12X 2% & SERHDO ZIEFFMEAEIZ ISV T, BFIRELEIZEET 5 1D
RN E LTS, Kiyotaetal. (1999) 1%, BE FOXFZ 4y bEAITEHTHHFET, AT
IREED O AERBIEWIR 2 52 L7ed, IER & ORI TH 5, BV T,
LS. SHIHEZRODIRLENH DN, ML —=U 72X b8 A U FOMERCRZRAWZE
NEAEND, A U TF OEIRZE-CERBIEIZ BT DM ENED b TR Y (R, K%
£), ABIT AMEERTIIGONRD o7, IV IEMARBIHCET 2E=2 U 7D e
EZbhD,

MIEERE A RS EIE ER S TIERL, FL—=0 ZICbERR E b 729 72, hL—=1
7% FAOTEARZ RIS 2 TR, EIE CIIEEIZ CITREL TRy, LaL, fE Fo
N R Eumetopias jubatus % %t5:2 L Uiz b L—=0 710 X 08I L 7= MUK & FA VN 7= B8 s

(Mellish et al., 2006) <° fE FOH Y 7 4 )V=T T W Zalophus californianus O 7/ &)
REIZBET 28785 (Greigetal ,2007) © &5 DT, HARDKEAE TS fflE S, BHHE i
ATWND RV ZHN=T T HZEBNTS, BEO LD REEORWVEE MR RE
THZEBITEND,

ARFFET & AW T2 MR T D RV R EE R E TR MO @ W ME#R TH Y . O’Brien and
Robeck (2010b) 1%, ZHiAWY T LORRZ W LS 57-DI121E, BE FOHEIEIRAIRTH
0. BEOTAEEEERICOISHTEDZE LTV, 1970 F X0 7 A o 7a ) # T
DN RO AV H %G1 F 0 ST % Sarasota Dolphin Research Program T, i L 7=
fE AR DA EHRIRC MR ER I A FRF CHEIME L. 2N E TIEEE FCTLEo R ol
B AR DI U, £ DORIZE A~ EFIEBSEAMIFED 1980 4ER LD il b, AFED
EWFE EOBRMRIZ RS E3 5 TS (Wells, 2009), F7-, flE FOMFETHEL TEhL
TUWEREIL, XA A T8I 2 PT Eubalaena glacialis, =7 7 5 Eschrichtius robustus.
W N7 VT Megaptera novaeangliae, X .7 7 7 Balaenoptera acutorostrata 75 E Dt 77
IR LS A2 RY Globicephala melas, 7~ R A V71 OB AE{ER ) & IEEIEHIIZER
£ UTFEAZ ORI BIEA S UI CH TS (Mansour ef al., 2002; Rolland et al., 2005;
Hunt et al., 2006; Hogg et al., 2009; Perez et al., 2011)

Wells (2009) 1%, A& FFEOFAE LT, ML —=0 7 HE O, FREMEEEZRIRE L
T RINZ DT DGR FTRE TH 0 . KBNS WRE e JEER BRI, 1R A LT D L TR L
LCW5%, £7-, Norrisetal. (1994) \Z XD/~ FHA VA Stenella longirostris DRFFE % FIIZ,
BRI & B AR, WRFZEDS A NV I FEO ) P RICITEE . LTV 5,
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FH BRI 2B LET e L via Esd, Z<offRz HENSFame 2§ 2% TRY
FfE L. ZOMICE < OEMZFERERELNE L, FE FONEL LY mRSE, BAETON
JeaAiion L, MPEMFLENIIEIC T 5972 2 E DWKIBEEDEM DU E D EHFEZ TN D,
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Table 4-1 Validities on reproductive parameters of walrus in captivity and wild.

Captivity Wild
Present study

Gestation period H L M
Nursing period H L L
Calving interval H — L
Male sexual maturity M - H
Male social maturity L — M
Female sexual maturity M H H

H: High M: Medium L: Low
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Table 4-2 Validities on reproductive parameters of killer whale in captivity and wild.

Captivity Wild
Present study Capture Identification
Gestation period H — -
Nursing period H - —
Calving interval H - L
Male sexual maturity M L L
Female sexual maturity H H L

H: High M: Medium L: Low
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HSE HET

AWTEa LD ELDDITHTZY | #Ehh THRE THIRE 2 O T2 72O T RO R R B e R
ST TER OIS L BRI O L 0 B OF 2 £ T D,

Flo. KRR TKB DT % L Biv, THEAZ W 22T RO R R B e R A B i
FEROBATNEH G, P IER AR Az, R FER SR ERIHESE, RIOTFER AT ZBh#k
IR EHP L B2, ARE LD ELDDITHicy ., THEEWIEWZ R TR FHA
—ELRBRIEHILR L ET S,

ARBFTENTRS L T /1% W22 T4l B OKIREE R SMER 213 U o, flE R k0%
BR72 B NS HRURHFE R FHHAHIIE R O R ICIE S EIFLHP L BT 5,

KRIFFRERED D720 . T3HE, THREEZ W2V hiEE S AKIREEN HE =4 5 R
(2D KD EIFLE L BT 5,

WIS — U= BRI R . BRI FERE, REEEAGRE., T8 R R @B LR,
IR E . HIRE~ X — Yy —, RENZVEREZIZICO, SEHMAOERICOL L Y
LR L EF S, B —U—n FOYREER Th o7z, BPILRKRE LIS L0 FEaniz, 151
U =)L FOETE « MBS 2 i & 92 RIWEH L BFERER, b NS+ THREIC X
DRSNS — U — )L FOWEISH T 2 G B & S 2 i ud, APEa e 45 2 &
XTERDoT, BRLELZIZICD, B> —T =/ ROBIMRE OERRIZ.O XL 0 #HFLH L |
F%,
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