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NAANMZ, BT O 7ERERERIMET 558K TH B, H#
RHEOYARMOBP T, BARAEIL 1637 m & HHEL . AL 23000 km® & 5
bREWV, 7z, 2500 BEAMMIHBRINEBICHEVHTLH D, 1AW
(CAERT 2K 2000 EBOEMD S B, 350 22U EREFETH Y, BWEST
RENLE & 551 VT Y T 3 Phoca sibirica b /5 AABOBEERETH S,

NAANTFZE, 38 18 & 34 MOMHIED 5 b, RAKICART DH—
DRETH 5, 7FE 7 ¥ T+ Phoca hispida, 71 2 ¥ 714 7% 5 3 Phoca caspica
DTFETHY ., Th o 3FE £ L O THJE Pusa (Bonner 1989) % L < i3l
M L7ZJE Pusa (Rice 1998) & LTWAHF%EE B WS, I h= KU 7 DNA %
AOCTEIRIZE D& NAINTFZ VR DACHALTES LIV TELT
VI LB TH D, HOOMKIT, M40 FERMCT =% A )l %7 L > Tt
ErOEFLTE&ELEEX LN TS (Sasaki et al. 2003), |

NABNT T OAEERIE, FIZus 7 AFEEICEL > THARIGhTE -,
Pastukhov (1993) (Z XAviE, MEaRE LztEix. 2 AN S 3 Ahi T, —BED
THZKETHET S, ZORH., A DABIRSEHEAKLTEY ., KICHEE
NI =2V —DP TN FARABTONS, FAHMIIN2 A LEX
ERTWD, BAHOELICFRITRE L. BKAKANLLBVWIRARIZEDS,
KL, FHPEAT D4 A5 5 HORMIZ, KR TITbhTHB L 5 TH B,
BERL L7 I I3 END 6 ETHRBT D, RIEDY A XI@BAEL ., K
T 110-142cm, (AET50-130kg1EX TH 5,

NA AINBEBIZBT D, —BUTOTHERWEZ AL DAL T VT Ok
B3 75800 & HEE SN TV (Petrov 2000), IUCN DL v KU Z |k Tik, 2006



FOBPET Lower Risk (R 22) IZHEENTND, ANA HAMOEDIC{E
A2 BE N AINTHI 2B L, ZORE, B, AZFAIALT
Sl BETS, ZICBEELAMLE L, FERF 3000 HOT V5 o BB Eh T
W3,

NAANTFZ L OITBVAERE, L Vb, 5 DEREDRES % 5 BEA
TTENZOWTIXIZ & A E oo TR, i EDOBFZER]IL, Stewart et al. (1996)
NBHLDHTHD, Stewart et al. (1996) X, A HATHS5 ORI 4 8
HiZ, NIREERE->TT— ¥ 28k T D54 FTORGREE LV oiF, BAE
B LEKEROBESMEB, THICLD, EBARRIZ 26 0%, i
WREBRD L, £, BAEEIZ10-50m A%<, Hx300m 825 -
EDBHOPIE R o7z, LHPLARBS, ALHERZES ¥4 F7OREHMHOES
NE7T—FI3HE. BEBIHBIIRONTVWEZENE, HLVYXT A%F
ALTEVFERRITE T — 2 2B LB ROLNTEE,

AR TR, BIRLTT — 4 2 5L MB % A 7O (F—Fui—) %
RO NLANT T L OBEKITEZFHFEMIFA, ZoF—Fni—iF, &
B BEAHE RBUKIEE 1B ZHOMEEZ 112878 L) Koz,
ZRDONRTA—FEEEETRERTED, BONDT—F056i%, BHOEK
RECHEAKBH DR DB 721 T BIXiE, EBZOREA»LMITT5 L
LY, NATVREL NS EEBROPFTALIANT I VRRETHREEE X
DIENTED, £, ARFEORAD LT T2 Z Lk, fhofEiEe
BE, BRLEDEEBABMREICY CIEIAEMNMREZELZ L HAET
HD, TITIE, RDIDDERDOENAL ANT VT v OBKITEZ AT S
TERBHE LT,



(1) RAANTHS L ORITHEHALNIT I L,
NAANEORMMEL. WS Z 7 b (Aulacoseira baicalensis), H7
g5 2~ (Epischura baicalensis). K¥&Wm 7> 7 F v
(Macrohectopus branickii) . £ (Coregonus autumnalis migratorius & 4 D 4
VH). THF > (Phoca sibirica) £\ ) EIZ5 2T N—FTHREATWS
(Yoshii et al. 1999), %7/ —7HNOBHRMEIES . KFEE2 & OBIBRAS
CHRXTEYRITEM TH D, 202 LD, N1 H/ViEE BB 2 KIS A &
RETIVERZADZENTE D, KPR TIX, A WVHOEER TEKHE
FLLTHERBRRERETANAIATF I VICEA L, ZOBETHEZHL
PIZTBHZEeERABE LT,

(2) BARE. BARERE, L HLTHT S OBKENZRTERNL
EHREH/ L,

NAANTHFZ UL, 34 BOBHIED > b, ZORKTEMIZEAES»-o
TWRVWETH D, SEHEE VD, KPAFICEL LT RRRWLBEOAEZ
BAET 2121k, BANZERE LT, ZOBEKERE. BARE 2 ERICHET
HILENRD D,

(3) NAANTHZ VBREKPICRTIRNOEEBERALNITEZ L,
SRR, B, R L OBEKEMIL, KB TERIOEBERITS, N
EDELITENIFIEL THWDH0ME, =R F—INKICEL 2 BEERREIC S
BHod, I< a2 ThRWY, XM ALTHF T UL, BKIZERT 2 LY
MTHHZ L, ZORMBECEL TEREKRNETAVETHD, BAKLHEAKT
BEEPRRD O, BAKPOBMIIZE 6 ENIOREINRER D, BKIZ



TUNAANT T OITB LR, AT OMBE T 52 Licky,
BEARBYEEDOEN~DRIEDHELERRZ T 52 EBEF SIS,

HBLETIE, "M AAVT I UDNLBKITET — 5 2B 5 - DDOFERRIC
DVTHRRD, NABDNT T NIERLHBEL . Basr i LBk % B
BIDZLPRETHD, 22T, AFETIE, T—Fud—28Whb x4
v CHIVEEL, VHF B THRLTEIRT 5 L WHOMB OV AT A% B%E LT,
FIETIE, "M ANTHFF v O—BOBEKNE — 2 BLOFOBEITEIC D
WTHET 5, ABOBKITHIIBER TRESBRZN, Zhid, BRAR3EE
B ZEVICRRIEEME BT E, BROWBITHORENE LR SN
Do HAFE, BESETIE, MEEDT—F DO INTH T Ok E
ALY . NAFA D=7 AOBRRPHERT D, 7¥ 738K P, WiEs
ERICITHIRD > THEN ZRAESEER, TOX 3 MT-E8ED - & %,
ABFRETIE, X br—7 (stroke) SIMESZ L1295, £i-, BITFRICIE. R B
=7 %L, ENEZRHALTHATHEEEZRESLD, ThE 7547
4 7 (gliding) LFERZ 1295, FEAETIE, BAPIZZTI3RAISLCT
THEIZVEA M= OHEEERELCND I LE2FRYT, F5ETIE, 754
TAVITTITYIvE, BRIEET 20k Bie L, FOEBEELL O KE
KZHEET D, BWOEREEIECHREIRICL-TREAZLZHAL, B
HUZABEEND, REREOEEREECTH DB EL T T 5, KEIC,
MEBRLE LT, AR THLDIZ R oL DT HF 7L OBKITE 2 LD
TYIVHERBT D, NAINT VT OBKITHORKEERL, TOERX
AR, AR, WHEBRREEVSLBANOERT D,



F2E BHBUVELT %o d—EIS R T LDBR%

T=F u—x RO BESY OTEIREL, 1960 R, BEEBO Y = v 7L
THTExtGgE LThE -7~ (Kooyman 1965), Fiud, Y= v FATH S
A, (1) FRERT 300-400 kg F2JE & | HESREE T X SR BIFEREV, (2)
AZERLRNTKETHRET 5720, BBRENOZOOERERES TH B,
LWV S 2 ODEMIZL B,

T, TOINVBMOERICLY T —F aF—0/N eSS, KEOT
TVRTITRI, XUFUVREDRE, VINAREDORRE, Hrilof
RICHT—Fuabd—NEHEN5 L5122 -7 (Naito 2004), —F ., HRRENY
DERIINELER+5 T, 20D, FROMNB LRV EBIEHRELZREL TV
D, MRBOLI)ITEHMICRIZRD bD, O L) ICEEEREE FRITE 5
b O/ RIZARVBIN, BIZIEASAA DN TFZ DL T, T80 FH
DIODT2N S DIE, PR BRITITRERR 6 2d o 72,

ANIHEZFE->TT—F 2k $T 57 VIR X7 A (Argos 1989) % FIH
L. BEHHOTE LR/ R EFETD, L, ZOFEIRZ
ZEOIAR MY phD B T—X OEBEEENES, BONET—FIT@E,
BKRIRE & BRI OBELSMIZB OIS (e.g. Stewartet al. 1996), B&F D7
Jb 3 X E{EH% Satellite Relayed Data Loggers (SRDLs; Sea Mammal Research
Unit, St Andrews, UK) 72 & BERFIDEE KT — & OERENFIRETH D, L>L.,
R0 TS OELEEOMEN L, BONDdT—FiE, 3~4RC—EOY
YTV T ENHIBEHEOLDIZRLN TV S (e.g. Biuw et al. 2003), FH
MLOFMRATE T —Z /213, BEOLZA, T—Fu—%ERT 5iF

Y YA Yo



NAANTFZ VR Vv TATF T EEG, BRLNERITHL .
RESTZEEEE bz, T—Fal—280) i) EEzERET 50X
FZIERFRETH Y . BEBEZEINT 2121k, MOrLLTRABETHSD,

Baranov (1996) (X, MBO7 5 UEINEBEZRE Lz, Z0EEIZII,
TRLREBEDA A AR REBOIT Ny I B A-TNVE, THF L0
FIZEBZIY T T, XA AT &, —ERE®%, =7 Ny 7 |IC _f
LIREPEVIREND, RESBEOLALEZ TNy 71X 28R R2BHT, 7Y
TVEBNRS SE, KEIZEEESTWATFIVEBRLTERLL Y L0
IVATATHD, LhL, ZOEBIVEEEEMEMNMES, ERCRELR
Mo,

T 2T HOXRFHEORRT. BT, U M v AT Rk Ee R
T, BBV E LT — ¥ ¥ —EIR 27 A &BAF L2 (Fig. 2-1), Ziid. &
MOENPO—ERBTT —2n—%28 VL, EINTAVRATALTHD, =
DYRATAOEIEVBEELIEE (U FrLAL MR BER16mm, & 25
mm, ZZHEE 10 g) Thd, ZhiFFM~—, Et. ¥F—TNVOZERND
7Y, HOREMBPEET DL, EBRBWN T —T B HE b5 A
ROTWD, ZOr—7NVERNTT—% i —28oEicEET VUL, —
ERFRRIZT — S a -2 VT LR TED, T—¥ b —ZidFE Ak
VHF BEREERZIY 1T THEL, OBl KEFErATER
ZHETLHOT, BLHLTEIT A Z ERAETH B,

BRI, AR LEEOR S FBIRE T + — 22 AW, ZOHRMIE,
WAEMED, MIBEBTH B E V> BMERHS, BEITH 400 kg m*,
B REHTREL 600 m Th o 7=, GIHIMTICIZBR R ABER AT O LEE
MM L, #AEKZ, BERTEBLOT VWL S iC, IBRHOBE (ra2—@ER)



THOCTHEDBAIZBELE, bLLBELHERP-EBATH, #EINR
DT TET TSNS AIREMENED L 5. BAKRICIIERAFEE NS /2 7+ 0
L, L& LT5000 /v —F 0 (82 HM) =L ETF3mE Mt~ T3
ALTEW, VHF EHERERL. Advanced Telemetry Systems t-DE5 L
MM130B (EE 15mm, £ X 52mm, 7> 75 DR X 350mm,. ZHEE 169,
JABE 144-145 MHz) % AV iz, BEOZEITIE, ~Nbt v F —fLigHto2E
BWRLOWUEFNRT T F AW, DEOREREZEE. 707708
HEDOEERVTHRREMEZT A ML TAHD L, FHTHBkMm Tho7-, &L
& AN ERNITHRREBIRBIICH X, Bl ZIE, A D ABOME L 0
200 m BWLUD B DL, 40 km BREOBERBAETH -1,

74—V R, 2002 526 2005 FIlIhiT TEBI NI, FH4THD S
ANTFZV (THFFL1~4) 2L, ThZhicT—Fui—2¥EE L,
B L TEAKT — % 2/, ThEROBEOEBERE Table 2-1 12, s
FOBRERT % Fig. 2-2 1ZR$, 7T 1 ~313 A AVEBEBEIO 1 0
APS 1 1HIZ, RILMTHEL A, 7TV 41k, A D HRE> TS
4 A2, MRSUIMEPSETHbRL, 7731, 2, 4B RY Xk
Ex U AMICH D0 v T HBFTAFTORBHRHRICES, KOEETD3~6
y AREE L, MEHRPIE. —A—E, N IAETHO A 2-3 kg
VS IVAIL LbICE R, SEOAEIE, dr Iy b EER D PO
% ¥ F ( Comephorus baicalensis ., C. dybowskii) . EHEMH O & ¥ F
(Cottocomephorus grewingki, C. comephoroides). F—2 1 L BT 5 Y4
DOfffE (Coregonus autumnalis migratorius) DWW TH o7,

BEEE OB, HMBMIAWR o7, HE120m, £550 cm, & & 50 cm DK
BIZTYZ v AN, O LICRBAEZHE HEERT-o72, THFVDRICH



WD ZANTESHREBRY, 7H b TSR EER- 1%, #BEEH
DfH BALE A RS, BERY THIZ DT, Ak, FROMMBESL 265 &
REDTHFDEOETHAM 72, BRIZ. 7T oBhobhiic, ¥
ST CEBINDILIER L, BFEFE(LHOTRIFME (5—I=v YT
RV, TTa i) THELRBTAIORETF S L OFRL Y (4T,
LTOLEZ, BBES—TATHE L, 07— IenTa (4 ~—THb
Uoh, BELPOVHEIND, BEIYIVEEShEBL, tRERBTAID
WIIEBMOEPIED, L L, 58556 6 HIZHT COREORBEIZHSH
HEL2EPTTH B,

BT DB EIN & TOBEIT, HICRITHETH Y BRIEZ - T,
REDRBENEUFIZERRT B,

(7H#71) 200346 A 19 AR 11 BE54 4y, U R F Vb AEH B HR
Lice A~ 24 Db DEER Lz, B OISR X /NIAR— MR
VidAH VHF B AV B 2 RA 7205, BRI CER Ko7, FBIZED |
VA MEY Y AMADILZBE > THILEZ S, BEREBOZETIZLNTE
Teo ZAFHR & XA D VKT & OIERZEZ 200 1E 8 Th o 1=, £ DEFT T,
10 B UREIMER T 5 £ CRERRITIZ, F0%,. FTIILCEEREF v —
F—L, BEFMIZATHFAIZH > T—HERICEATH 5 -7, 6 H 20 A%
4 WFER, BORHIR D R~ 35 km B /- bR < TSR R R R LT,
(7#732) 200346 A 22 AFET 108304y, U R b Ex v kDb ki
Lz, FA=—id 24 RO b ORFEH LI, INER— & VHF BRICL 2T
V7L OB THETH D Z L BRIEDOERTH» o7, o TAENT,
B 2RSS, BREEBICINCE -7, 810 B LEBOER T EHAE T2
[Bake. milEls FERIC, EBEMEFv—F—LTHELE, 6 H 23 A% 1



BF 15 53, BOiiHiRh> BRI~ 25 km B 7 i THER 2 B R LTz,

(7H#73) 20054 10 A 31 BA# 1 B, Chivirkuy 7 B fHI DR300 5
MLlco FA~—1T 24D DEFER LT, ZORLIIATOEL RVEAE
WA C, BILER W2, WCED EAEE T 6 BRI EiEh» 5 & T4
SNt TFZVORBHBEBE ThH o722, OB DRI, HEE
HIZCR>7, B1MA1H, 8hoiZEome b, EREZIETE, #BBO
HAZHET D ENTER, L, FIULAEIZIEBEZ BRBER M- T
Wiz, T<IMEIR— MRV IAATEREBEOBRLHBEDZHOD, FLHER
WEEE-FIZRo>TLEY, O THRHEEMA~R21E02P o7, 11 A2
A, BRAX /AR - M X DEBEEZHR L. 11520 2, BIEHED 5B~ 2
km BN 728 OFHEIC THBS 2R R LT,

(7H74) 200547 H5HFRIORE38 . VX MY U IR BRI L
oo ZA=—Z 72RO DEFER LIz, 7THF 20L& ERILL ., Bk
EOIZE DII~ERY, BROZELZRB L, L L, B> 68 4 R
(CEBEDPRER T, EOBR—EM?T. AN D VBEERICER B L4 IZF 5T
BREZE LT DR OWICR 26T, @D T7 A 16 HIZRE Lz, RED
5 2 %, EEICH, XFEFRENT ) 7LD L ZAIZ, BHRERROT
r—8ni—Nani, BEISEELTZRERERHTHS,

ZOEE, T—Fud—gIVEELEIRY AT A ERNDZ L2k A
ANT YT OFEMBRBKRITET —F 2 WD THD Z LR TE 7 (Watanabe et
al. 2004; 2006a).,

ZDUVATHBE, NAANTFZ VRO T ., @A BTG 3 768
TH D, PliE, BE~DOICH RIS, Kawabe et al. (2004) (2L 5t
7 A DOFAEF L Tanaka et al. (2000), Tanaka et al. (2001), Tanaka et al.



(2005) I2&£ v rYr ORWETIL. WEBICLIERELES LV HIET
TIPEDOLND, TOFETIE, F—Fub—%%5 BRENE, EIX
VAT LEERTHIL T, T ul—0RINRE EAEEIND, T,
VIHAE~OIEALEZ NG, BT 5 A FOREEEAVEY I H A
BOBEKTBHRHETIZ. K. EIHOXARAOHRNRHEL 2> TE(eg
Minamikawa et al. 2000), Ziuid. EHRIZEGDIZER > TL DEIS D 2 Z LISk
PO, BAREEILT 5 FENRD LD TH S, ZOBHIOA R ILEH S
LRWnWeEEZ2 5 TEY (Tanaka et al. 1995; Wallace et al. 2005) . 7 I # A ¥F
DBEATEIXIZ L A L DD > TR, B RAT A2 HEH$ 52 LT, EN
HLADREID T I HADSLEAT —F BB L., FOBEEA RN 5
DI EEHFHLTVWED,

10



Table 2-1. Descriptive information for study animals

. Capture Release Duration of
Individual Body mass L
Sex (month/year and (month/year and captivity
No. (kg) : .

location) location) (mo.)
12/2002 6/2003
Selenga River i

1 54.6 Listvyanka 6
Delta
52.5°N, 106.9°E 51.9°N, 104.9°E
12/2002 6/2003
Selenga River ]

2 72.8 Listvyanka 6
Delta
52.5°N, 106.9°E 51.9°N, 104.9°E
10/2004 10/2004

3 m 83.0 Chivirkuy Bay Chivirkuy Bay 0
53.9°N, 109.1°E 53.9°N, 109.0°E
4/2005 7/2005
Offshore in Middle .

4 452 Listvyanka 3

Baikal
52.7°N, 106.9°E

51.9°N, 104.9°E

11



VHF transmitter plastic cable
antenna
float data logger

—

time-scheduled releaser data logger

aluminum plate

10 cm

Fig. 2-1 Top and side views of micro-data logger system (A) and an illustration of the system
recovery (B).
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104° E 106° E 108° E 110°E
560 N | 1 1 1

54° N

52° N—

Fig. 2-2 Map of Lake Baikal, showing the locations where the seals were captured and released.
1. Listvyanka, where Individuals 1, 2 and 4 were released.

2. Selenga River Delta, where Individuals 1 and 2 were captured.

3. Off shore in Middle Baikal, where Individual 4 were captured.

4. Chivirkuy Bay, where Individual 3 was captured and released.

13



®3E  BATH

3—1: HREAM

2 EICART 2% OMAKE, BRLAK. 7H5 S, RUFUVEDOEKE
MIZBNTH, ZORETHIIBRROEVERLND, HlziE, RUFUid
EICBEMIZEE A L (Wilson et al. 1993; Pitz and Bost 1994; Pitz et al. 1998:
Bostetal. 2002) . 4 v +EA IZKEIZHE > THH% %5 (Croxall et al. 1985; Boyd
and Croxall 1992), — 5 RO Iz, ¥ = v T/ 7 ¥ F 3 (Kooyman 1975) .
FFYUTH T (Le Boeuf et al.1988; 2000). ¥ =H % 7#F 3+ (Coltman et
al.1997), #V 7+ N=77T7% (Feldkamp et al. 1989) % . B& %M T &
MZT5LBXONTVARENNDE, BERL TR, SF, BE, MES R
RBEETOEIERRLRDTHAY, Fo, BHEROM L 254 OEWIE, B
JAShERE %175 (e.g. Stich and Lampert 1981; Wurtsbaugh and Neverman
1988; Scheuerell and Schindler 2003), £ > T, B& & b IZ1BAT % 3 A EHIEIL.
BLELTRLIEERKZANTWE LTINS, UL, EHEs,. B
HTED LS IR E X TOD, WEIEH L2 TORY,

ZORIZBWT, XA AATHZ VIFREKENEFLTH S, HHIE. Bb
BHEHETHLEZLNTEY (Stewartetal. 1996), 7=, ¥ Hvadax
EREDALANT IS L OB, BE A RMEBEZ T 5 (Melnik et al.
1993, Pankhurstet al. 1994), 1> T, XA ANTH T3, BRTRL HEBEE
HRRE 2 O T B RTEEPE 2 B,

BB OBETEIZH LT BITIE, T—F ul—% BV CEE, #Hk
EEEDITB T — 2 2H/5L b0, BRI T—2AOTERRRTNEH0
TEHEBRETIFERENTH S (Davis et al. 1999; 2003; Ponganis et al.

14




2000; Fuiman et al. 2002; Hooker et al. 2002; Sato et al. 2002; Watanabe et al.
2003; 2006b; Mitani et al. 2004; Takahashi et al. 2004), AZETix, T—F il
— B T2 L. N ANT VSV OBEITEIERA, ARICBT
LEEOBEMOBNEHLNITHZER2BMET 5,

3—2: HPLik

3—2—1: FT—Ful—0OFH

AETIX, 2EEOTYIY (THFF 1L 2, Table 2-1) #hFhiz, 7
—Fuf—LtEgo —%2ty M LUTERDY i 7,

(1) MEET—# a— (UWE1000-PD2GT: B 22 mm, £ & 124 mm,
EHERE 92 g. U ML AT L RS i, dEkEEE, RE. RBKEZ 1R
&, 2WOMEEE 116 B T LIZFEE L, REX. 024 m OREET, B
K 1000 m % CHBFRETH 57z, AF V —iL 32 Mbit TH - 7=,

(2) 7UVFNHIEEB o — (DSL-380DTV: EH£ 22 mm, £ & 138 mm, 28
TEET73 g. U MLLAFL RERD) X, BELRBRARZ IDIL, 15—
OFpILEEGR (370X296 ¥/ ®L) 20T LICHE LT, RF—FE A <w—
HWEEEZER L., 77 o 0liis b 2RHM%BICEESFBIh D X Ic Lk,
ZOTFTVINARBIEER o T —IIHRERL TR, Tk, ERIhi 2
Gbit DA® Y —=AHHDIVEMD S bIZEWTIbnd Lo, Yo7V U THE L
AZ—=FFA2—%RELE, 2Gbit ®AE Y —T, # 1300 f DEi{§ 33T 7]
BETH B,

3—2—2: REF—Z O
THEZTN2 mMUBETE > THOKEILR-TE- L X, FOTE)2—[H

15



DEKREER LT, TNENDOEKE, BT (descent). R b (bottom), %
E (ascent) @3 2D 7 = A X253} (Fig. 3-1), BITT = A XiZ, BAKDLE
EVD0, RENOTENPTORDTIBRMETE L, BET7 =4 X,
REPREIEMT BB 6, BAKOKDYETE Lz, A FAT oA X3,
BT, BLE7 A XD E LTz,

83—2—3: MEET—F DN

MEET —F i —IZ L > THOLNDNMEET — & 1213, BR2MmEE (i
WEOMT EEMEIC L Btk &) L BIRIEE (EAMEER ) 23
BELTWVWD, 74NMF—2foTHELDTDZLICED ., KR ONE
E (surge) 2>HiKElAE (body angle) 0 #EHE L=, = ZTW ) (Al &
. T okl AKFERENRTAE, TROLEMOBESHMO ETOE
BVWERTAEDZ L ThHD, KELD EEHNTVWBHEARZIE, FTEMWT
WHHREEADETREALE (Fig.3-2),
THESUREIELTODE0b LE—EFE TENTWD L & (Kilhhmm
EEIITENMEE R S OEEGmESBRER&IND, ZhERIHALT,
PREh 5 A AEE D b RMAE 2 H AT R TE B, EEITIT, WKKFOT
VI IR BICIE, BEEZEVRLTEY, &b}, WL PiE&
ENVEDOEN (R 5 mIEE 2B 5 (Tanaka et al. 2001; Yoda et al. 2001),
LL, ZOXE57) A4 X3, KA EICERT 2MMEE L~ TERS AL
L. E#GmmEEORERKS & LTEREINDIZEND, NARRAT 4V
F—2Eo TRV ZLBRRBTH D, 74 NF —1%OKRET RNEE D,
HAMEE ST ML OEEHARS THEE L, THFIVOh#MAELFHEL
726
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3—2—4: WKEET—F O
MEET—FaH—iZ7 a7 2H2TEY ., BoEKEE BP0 o
NTEEHE LTRET S, T e T EEE VS Al inkEE S, DT
(R BHET, EROBEHGHE (ms”) E#LE,
TYT L OREBEEE (REOELEOMIME) Uver & Z DR il B
O N ORDIHE LOFEKEEE U &35 (Fig. 3-3),

UversIDis1-DA, (3-1 )
7272 L. Dute DAZZNZHBER t+1, tIZBITDBEE (m) THD,
Uca=Uver I sinlfl, (3-2)

FTROG, Uearld, 7T EHEE &ML L THEBINSETH S, BExklx
D U 27— Z EBEIZE S THRE Lz, 72720, E3X 32128\ T sinlol 23558
WCHDIENPOMBEIND L DIT, 0 WSl &L, FRENRIZTERER
Uad BEHENTLE S, - T, sinlfI<0.9 OFMICY TTE BT —F 24+
L7ce Usar & 70 TR N & OBRZ R 8BAIR % Fig. 3-4 12~ d, —DD
Ty MI, TFREIBITAH BB Uy & TOBRBICEES IS
BAZEEE N & OBRERLTND, Une OEDPHERFHZOZ, BERY
P —DHRREN 024 mIZBEND Z LITER L TWD, B ZFiEE2 AV THE
FEBEICEYE L=,

THF7 1IN TOERRR :

Ucar =0.059123+0.069429*N (R*=0.96), (3-3)
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THF 21290 TORIER :

Ucar =0.101040+0.066433*N (R*=0.96), (3-4)

INODERERNTT o7 EiEHEEREOEE (ms") KB Lz,
FORBE D3 RAEIZ, TR R —EERSICHEY T AEEOHEMS THY . EiFEK
DIFEETREND, ThbL, 7971 T0069ms" (5K 3-3), 7H5
2T0.066ms" (%X 34) THB, ”B. BATET—F D&%, sinlbl<0.9
A5 sinl6l<0.8, sinlBl<0.7, sinl6l<0.6, sinlfI<0.5 ~ L L SHTHI L =5,
EFROY TIE D ITWTHOHEAE LELS 2o 72,

FNRNTA—Z OWEMBIL. FITH D B2V BE, EHHE L EERE TORT,
P<0.05 DFEIHEAMNCHEETH D & LT,

3—3: MHR
BIREN7T—Fad—0b, THEFV 1, 2ZRTRIZONT 20 BEEOF
—ERFEONE, THFSFLLIZOWTIRAT4E, 7HF 2 21250 THE 162 [
DEADNTFE SN TV, THET L 1ICLZENO 10 EOEA, BLOTHFS
V2L BEHMO 11 BEOEKIZ. FOREREN3-8m L, BELIBE
MOBNHIEDORELZ T T\, ZUHOEKIZ, XA INVTFTO—
H) 2B KITEY 2 FER T 5 DICR@E Y e /=, MRT D LIRS L T2, ATV T2
At 315 BIOWAK T, FHOBAKIREIL 68.9£53.3 m, B ARDEKIEEIL 245 m
Thotz, £, FHOWBKEREIL6.042.8 4, BKXOBAKEMIZ 13545 ThH
o7,

T VZEE LT PHNAFHIEER D T —IEKBAY . AEY —DK
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FRCHT2D 700 MOBER LG LN o7, BBEMNE - ZEBIZ—KD
B oTz, THTL 2128E LIZERE H—mbid, A€ ——HICHET S
1315 MOBEB B/ LN, ZD I LO—h S H Y h DM Comephorus sp.
DHER S iz (Fig. 3-5), ZORIL, N INTHF IV OXERMEAMTHD Z
EDRH BTV B (Thomas et al. 1982; Pastukhov 1993; Pankhurst et al. 1994)

THEIU1H 20, T—FDBEEI N 20 BRE O, 13 & A ERB AR B
Z#VIRL T\ (Fig. 3-6), £KOTEERMFHIC LD 2B AR OBIEG I, 7H
TZV1ITI8%., 7THIV 2T 8% Tholz, 7HFF7v 1620, BREIIX 50 m
BREORCEAZBVE LR, FENRHTIZ 150 m LI EORWEAE LT,
BAREREZ, 20%, RPET2ICLER-TH L8 RY, BRPCKD
B R0k, SERD LTOE o T oz, KATEIZIZ, YBENEFL
A C< 150 m L EDIRWNEAPB R bz,

TYTL1E 2 OmBHFICENT, BARPic, EEZRIC TR TFRY
TOBEBR 6N (Fig. 3-7), (CEEEE +IEERERE X3) & RIS AR
ME % Th#ETTE) (acceleration event) | L& -3, (EEEE —1EHIF2EE
BEX3) 2 TE22%B#EL BiEITE) (deceleration event) | &4 -3it7=, M
HITE) & BoRITEN OB iRl A BN LTz (Fig. 3-7), 7T 1, 2
WICBWT, ENnE., 78% (N=45) L 83% (N=105) DINHITENT, {KithsaEE
BIETH->7 (DFY | KEFENZMA > THERL TWe), BEITEIC DWW T
. BEMAEPIETHLEAT, 7T 1T 85% (N=252), 7H5L 2T
52% (N=172) Th 7=, IMETHNRRONTEE (TH 5 1:37.2¢146 m,
N=45, 7H#5 3 2:322412.9m, N=105) X, BETER RSN ERE (T 7
v 1:60.2¢48.6 m, N=252; 76.2+451.4 m, N =172) 2t~ BRIZE» - =

(Mann-Whitney U-test: 7% 731, P<0.01; 7% Z 2, P<0.0001), £7-.
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IEITES RSN - REOHB (7% 53 1:1067m N=45 7H 53 2:3-58
m, N=105) i, BT R oNRE O (7Y 1, 3-205m, N =252;
THF2,3284m, N=172) LY bh -7, Fig. 3-5 |27~ L 7= Comephorus
sp. DEIRIZ. MFEITEORFICHRE SN bDThH o=, METHPICRE
NTCBHRILEL 26 b > 7283, RV D 25 HIZiIHT b FE > T\ iedho Tz,

W EEDEAITEI Y — BT, BRETRE TR

(1) BEKEEOERAZREOHS

(2) MEITE) & BETBOR b 5 HE
EWV) 2ODBRDLHARRENER O (Fig. 3-6), £2 T, LLFOMATT
. BOAY (22:22) L BOH (5:41) ORZIIZESE | BHINEZLTOH
Kz TEFOEK (day dive)] & TEEDOEK (night dive) | 125317, B#
DEAKTIE, LEBY RONDIMETEZRO CEENZE—TFIZREZNTE
D, BIT. s BLEO3ODT7 = XCHIKEEICARERERZ o=

(1-way ANOVA: 7HF 1, P=0.06; 7% Z 3 2, P=0.25, Table 3-1), ®E®
BT, 3207 =4 A0MEKEENAREICRLY (1-way ANOVA: 75
1, 2,P<0.0001), R h AT = A X TOHEEMN., T =1 X (Fisher's PLSD
posthoctest: 7% Z 31, 2,P<0.0001) % L7 = A X (Fisher's PLSD post
hoc test: 7% 531, 2, P<0.0001) IZHERTHEIZ/NE o7 (Table 3-1),
BARFOFEIEE T, BEOEKDIZD N, KROBALY bABICKED-
7= (Mann-Whitney U-test: 7731, 2, P<0.0001), —EIDEAYS7-0 O
HEITBIOEEIL. BRI OBEAKDIZ S BNERICED > 7= (Mann-Whitney U-test: 7
Y71, 2, P<0.0001), —EIOEKY ) OBETBOESIT, REOEK
DT> BEEIZE - 7= (Mann-Whitney U-test: 7% 531, 2, P<0.0001),
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3—4: BE

NABNTHFZ U0, 2EEE bBRTRRIEBANNY - 2R LE, Th
X, RLRDEAEMEBOPT LS, BROBETEOBENERL TS EELD
. UTICZORPBER~D, B, XA INVTYFF L OFEREAYL, 2
B v h LIRS FEHED S T H (Comephorus baicalensis. C. dybowskii) .
JE# M D & ¥ 4 ( Cottocomephorus grewingki . C. comephoroides ) .
Macrohectopus branickii % 3 2 ¥ Ch 5 (Thomas et al. 1982; Melnik et al.
1993; Pastukhov 1993; Pankhurst et al. 1994),

BEOEAKIZ, (1) BT, Ahs, BL7 A ATBOLTEEN—ETH
5T &, (2) REAT =2 ATMHETHRROND Z &, 202 {ICHEEED
27z, METBIORPIZERONIZBEHBIZIZ. NAIATF 7L OEEMTH S
X2 J1 DOfE Comephorus sp. WE->TWe, Zivud, BEIOEKS, 7V 7
URIhbHEEOAEZBVITTWEZ & &2RT, C. baicalensis & C.
dybowskii 13314 AN TR GEBREOZ AR THY, mfEL b, KEHIHE
£ 1600 m OMEN < E T RIEVERERICD > TARTS Z &b TH
% (Starikov1977), 7¥ 71626, METEBOKSD, FEFELEICLT
KENZE D> THWT W, ZiuE, 7H I URRREICE THEEZBWM»TT
WD EERBELTWD, BMEFRCTAIA T EZRWZHRHEIZLY, U
YT VT W Z ¥ Leptonychotes weddellii 1%, B\ ks 55\ VWkEZE R BT
LD ETROUNTY PEBREIZERA D Z EBREINTEY (Davis et al.
1999), NAANTH T bR CEEEEEZHNTWL LEZLND, £,
Comephorus sp. DHIFEHFMIZEL>TEY, THAIRRIZS K Z-2TWV5

(Pankhurstetal. 1994) Z 726, THIF VR THLIBVNT 2DIE, ALY
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DEERIRFBIZE DR ZEIE» b Lk, IETENI YT 7 FORIRESE L.
ZORZT VT HBKNEHEBEIE TS 11 m Thotz, Zhid. ZOHEEEN S,
TYIUBPEEREAOICRLZ TWEZ L 2R L TW5, METBPICRY
AVTZ I 26 B D 5 B, Comephorus sp. 28 E-- T\ =D IENT—K TH - 1~
ZOZEDDL, THT X, IETEIOR S Comephorus sp. % BV 2 FE LT
WHDTIERLS, HOEMEPLHNEDT TEMITERY, BRMICHET 5
bDEEZ LD, Comephorus sp.iXiEE 1600 m DMER < £ THATBZD
\Zxf L (Starikov 1977), £ TOMEITEYIIIRE 67 m LIZ THE S, 67 m
EWVOIREIR, TYIURRRTIOEAENER I D LD TE ABRIEES
RLTWS EWZ B,

REOEAKIZIE, 2 >OBERFENRONT, — Dk EETHS, F
Bk EE IR OB LY biEL, . ThENOBKDRNLT A X
ICBWTRHIETBIAR 6N, b5 —o0/#IL. 7—F 2 H#i < WKEE DM
BHIRELTH D (Fig. 36), TH T UDBKWTUW 231 1 L O midAKZED
1000m LU EHY ., THITVOBEKEE LD LIZ2NITENZ L5, BESh
TEAKREOEITMEIC L 2B LIIZX b AR, Zhb 200K#ES
PED L. KE DKL, Macrohectopus branickii %M 3 1= ¥ % - 7= {BAH
TEIELBEZOND, XUFURBOT T, BEMEERT /NS LPREL
R/ (77U~ ¥ 2 Pygoscelis adeliae) 1X. DRI Wbk P %
T, Wi, RERAEZHRT DM (57X ¥ > Aptenodytes patagonicus)
X, BEEOBIOEE R EiFB 2 Mo T35 (Wilson et al. 2002), AKH D
AR OBREKREEITE O A RIREF L, KEREYIFEEL KRS L
MT&% (Peters 1983), M. branickii X 30 mm LAF /NS4, HER
BT D ENHMHNTND (Melnik et al. 1993), 0D X 9 /NS84
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DRMEMRT B72DIT, NAAVTFFVER LT 2 ATHEEEZTITS
DTIERNTES 5 By KRDEK TR ONHETENT, Iac b X,
KAPALITENIRIGE L TV D EEZBND, MEITENRRM, BVIEE#H TR
BRIOTHR L, BoETENE, R, BAVRER CE&RSNE, Zhid, 7
VI UPREIEEE T I8, RN ORBEREEHE->TVDZ LEREL
T2, Dehnhardt et al. (2001) X, BREL%Z LB =#%7¥ 7 Phoca
vitulina 33, & 7 CAREZRBAM L, =L OPTI=F 2 7EKES B2 =
ERTEILERELTVD, KHROBHTEICTIX, /I L 2MENEE %
FZRELTWBEAD, NAAAMO I ax I3FEL A BHEBS 2 RT
ZERHMBNTVWS, Melniketal. (1993) i, /A /Lo Chivyrkuy EHIZ
BITHAE200 m OMBIZBNT, T2 7 brFy b EEBEBRICLAHE
Z1TV . M. branickii ® A BSRE DM EHA SN Lz, ZUTE B L, 4 X%
HEREIZ & > THITERE IR R D2 DD, M. branickii k& LTk, BREIX
150-190 m DEVVEEHIZHE L, KHIZ 40-120m ETER->TL B, 2D X
7d a0 FGKEBET. KREICRONTEASOINT I F L OBKERE
DEFHI R E —ET D, 7¥FF7 120, BOAD ORIEIC 150 m LAk
DERNBEKEIT -T2, ZOREEFIZ, oy, THIURRATE HRE
WETER>TLBDESL), ZDH, 7TV T OBKEETIKREICEL 2D,
BRHEZFIZ L TAERERS RV DD, TY7 V3K, 3 2 OMTERE
BOETEKEELZEZTVWDEEXONE, Z0OL D RBEKIEE OEGER
REAGIX, 7o ¥ 3 74> bEA Arctocephalus gazella (Croxall et al. 1985)
& x 2V 7 ¥ 5 2 Mirounga angustirostris (Le Boeuf et al. 1988) T S
TV,
Pastukov (1993) 1X, A WL THZ7 L OEILBENEMORERREBRE L
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TWD, TNIZL B L, AREIIHENZI 2 v M branickii BT 52, #h
SIIEEAEMO—HIT@BE T, EELIX Comephorus BDH ¥4 O TH
HEWVS, —7, Yoshiietal. (1999) X, BERNIBZAWEZHEND, A
HANTF T DEEMIED DA VIO E Iz COEEEENEN 46%
EBARLEHBL, "M ANTHF TNl oTI IR, HVHOME L Rk
CEELEFRLL, 7—Ful— Lo —% AV AFRORRIZ, A
AANT YT VEIBRICH DA OMEE, KRIZT 2 CE2HRTH Z & &R
L. - T Yoshiietal. (1999) OEEEXFHTHLDOTH 3,
AEOFREUTIZELDD, XA HALTHF T UL, BETRLR D EHETE
s Lic, BRI, ®oiX, Y0 i Comephorus sp.7: ¥ hf@tt D% s
LTV, BELLIEHAEZEN. TOROEMTESHTIELTH S X T
Tco —H. BEIZiX. Macrohectopus branickii 72 ¥ A JA$hEBE+ 23 ax
B2 B0 CHEEMICERKEREL LI ETWE, 3 a2 EHOBERICA
STHEEZELL, L/ ICL2METHOX TWEEBZ LD,
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Table 3-1. Values of dive variables for day and night dives for each individual. See
Results’ for definition of acceleration and deceleration events. Values are means + SD.
Mann-Whitney U-test was used to test between day and night dives. To test between
descent, bottom and ascent, 1-way ANOVA was used. *P<0.0001. NS, not significant

Day dives Night dives
N 100 64
Dive depth (m) 89.6 £ 60.9 * 454 + 38.6
Dive duration (min) 57126 NS 56 +3.1
Swim speed in dive (m s™) 1.1+0.1 * 0.810.1
Individual 1 in descent (ms™) 1.1 +0.1 09101
in bottom (ms™")  1.1+0.2 }NS * { 0.8+0.1
inascent(ms”') 1.1+0.2 1.010.1
Acceleration events per dive 0.46 + 0.82 * 00
Deceleration events per dive 0.36 £ 0.95 * 3.36 £ 3.76
N 106 45
Dive depth (m) 60.3 £ 49.5 NS 70.0 £ 47.5
Dive duration (min) 54126 * 82129
Swim speed in dive (m s™) 12+03 * 0.9+0.1
Individual 2 in descent (ms™) 1.2%0.2 1.01£0.2
in bottom (ms’) 12+03 }NS * { 0.8+0.1
inascent(ms') 1.2+0.2 1.1+0.1
Acceleration events per dive 0.98 £ 1.35 * 00
Deceleration events per dive 0.21 £0.79 * 3.33+2.82
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Descent Bottom Ascent

Depth

Time

Fig. 3-1 Schematic representation showing how dives are subdivided into a descent phase (from the
beginning of a dive to the time of the first ascent), an ascent phase (from the time of the last descent
to the end of the dive), and a bottom phase (the time between the end of descent and beginning of

ascent).
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Fig. 3-2 Schematic representation showing how body angle is defined.
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Fig. 3-3 Schematic representation showing how vertical speed (Uyer) and calculated speed (U.a) are
defined. D, and Dy+; are depths (m) at ¢ and 1+ (s), respectively. @ is the angle between long axis of

seal’ s body and water surface.
28



2.0 1

Calculated speed (m s)

0 e oo ¢ ' . T v 1
0 10 20 30

No. of propeller rotation (s)

Fig. 3-4 Typical relationship between the number of propeller rotation of the logger and the speed
calculated from depth change and body angle for Individual 1. Only the data with sin | 6 1>0.9 are used

(see ‘Materials and methods’ for details). The linear regression line is also shown.
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10 cm

Fig. 3-5 Pelagic sculpins Comephorus sp., the primary prey of Phoca sibirica. (A) Comephorus sp.
(taken with digital stillpicture logger attached to Individual 2 at 14:32 h at 54 m depth, looking forward

over the seal’s back), (B) C. baicalensis caught by a trawl.
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A Individual 1

2.54
2.0+
1.5
1.04
0.5 RGN T ' T

| LI | AT A SNREW W b

Speed (m s)

| Y%y

0
50
100
150 -

Depth (m)

200 +

12!00 18:00 0:00 6:60
Time on 19 June 2003 Time on 20 June 2003

B Individual 2

j L)
M TR A A A AR
FEVEL WLVELWN W WY AW

200 |

I

I I 1
12:00 18:00 0:00 6:00
Time on 22 June 2003 Time on 23 June 2003
Fig. 3-6 Swimming speed (upper graphs) and dive profiles (lower graphs) in relation to time of day
for (A) Individual 1 and (B) Individual 2. Symbols of A and ¥V show acceleration and deceleration

events, respectively (see ‘Results’ for definition of events). Horizontal bars show daytime (white) and

nighttime (black). x



A Day dive B Night dive

254 I | 2.5 4 | I
N i | oN | i
- 7]
£ 2.0 ' e 2.0 - ' )
§ 1.5 ! o 151 1 |
1
2, 1.0 1 | g 1.0 4
175 ! %)
0.5 ) ) 0.5
0 | } 0 I}
0 1 1 0 1 1
1 I 1 1
—~ ~~
E 204 ! 1 & 20+ 1 1
= 1 I = 1 1
B, 40 4 1 | B, 40 S 1 [
[9)
A A !
60 1 I 60 — 1 |
i I 1 |
80 - 1 ] 80 = 1 |
- [ I > ' i
o | I 8 ] i
& 50 - . | & 50 4 h
= I Z 1
K 0 Y 0
% -50 1 1 N -50 i
S 1 [ g 1 t
M T T T T m T T T T T
17:26 17:28 17:30 17:32 1:40 1:42 1:44 1:46 1:48
Time on 22 June 2003 Time on 23 June 2003

Fig. 3-7 (A) Typical day dive; (B) typical night dive, showing swimming speed, dive depth and body
angle (i.e. angle between long axis of seal’s body and water surface, with positive values indicating
ascent and negative descent). Symbols of A and V' show acceleration and deceleration events, respec-
tively (see ‘Results’ for definition of events). Vertical dashed lines separate dive into three phases:

descent, bottom and ascent.
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4—1: HRLEW

THEITo RUFr, UIH A, 7VT50OBKEMT, KhEik<BE. 5
D, BhEEbITBNOEBERZIT D, B UTOEXTRENDE
D, BMOKREELKOBELDETRES,

B = (pwater — Panimal)’ Vg, (4-1)

ZIT. BN (N). Puaters Panima iEZNENA L BHDOEE (kg m®), V
EBMOERE (M), g IHESMEE (=9.8 ms?) ZRT, ZHTH 5 B. pwaten
Paniman V IZFHET/RT, Dwater 2% Panimar & D RE W& & FAIEDHEE LY |
$AE B E 12372 5 < pwater DY Panimar £ D /N E N E X BRIITADHEE LV,
ETME T, BRBMOETHALBFNOHFRREDRE. #5iX
BT 2720, BEITIAX—2RJ/ICHBTHZ LICRDB, —F, i
TTHMERFADOHFRB—BLIZHEE, BRI F—2HHTIZ LN TE
Do BIDEKEMOTINF—ICUES BT DI LN, WEERFESE
BRT/RENLTEY (Stephenson et al. 1989; Lovvorn et al. 1991; Stephenson
1994), BEZ L AEUANDEKBM THLRERTHA S, HHIT, TOEFZEOK
#8535 O DEAITENCTISV T, B D EL ML L ANiER 67220,
WKPOBWE, THI VRO 7 VI 0REE XU R0RBR L,
BHROSBE NIy THE 2155, HOMZINTE I RLL TN B D0,
TNZHMETD-0IIE, BARKPOPMIEHE (XA br—2) 2E=F)
T ORBENRD D, E, BEERONEEF (Nowacek et al. 2001; Sato et
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al. 2002; 2003; van Dam et al. 2002; Watanuki et al. 2003; 2005; 2006; Lovvorn
et al. 2004, Miller et al. 2004; Goldbogen et al. 2006; Kato et al. 2006), ©5 A
K A7 (Wiliams et al. 2000; 2004; Davis et al. 2001), BiK &> ¥ — (Wilson
and Liebsch, 2002; Hays et al. 2004) 22 E03BAR I, TR A[EEIZ R~ 1=,
INOOMEICLY, ENENOEKEMDE, ZNENOFENE LA b
I NG =V BRT LRGP0 TER, FlziE, 7T OHE, BITHIC
AHEDBN X 2 LD TADENEZFAL T, ThbbI 54740775
B, #ERICIERE L TR br—2 37 3@m2H5 (Williams et al. 2000; Davis
et al. 2001; Sato et al. 2003), —J5. BH (Sato et al. 2002; Wilson and Liebsch
2002; Watanuki et al. 2003; 2005; 2006; Kato et al. 2006) <CfH¥ED —I

(Nowacek et al. 2001; Miller et al. 2004) %, EDENCRIHIT B 7= HEITHE
A ba—r L, BERZEZT 94T 47T 5,

TYH T EmAAEIL. EVEER (blubber) 2boTkY, ZTORIZ
Lo TERABET D, BIHTAKIVEEMENDIZR L, FEARIAEGRILK L
DEENSND, BIEZ< bOBMIELE panima DMEL 220, BANEICHE
< (Webb et al. 1998; Beck et al. 2000; Biuw et al. 2003), Z D Xk 51z, HEAW
HIAD panimar (ZEFEMIRIZEKAF L, RICETHMEEICLY E-FHIc LY B
Do BNDERE Y Panima \ZHEBT D0, T T 13, v b4 (Hooker et al.
2005) 7 V73 (Ridgway et al. 1969) L& 720 | BZHNTHLEKSE
BB Lirh (Falkeetal 1985), TOEEBII/NINEE X HND, FHITM
A BROERKITIRE & & bICRMIZER SN DD T, BAFIZITEORENR
SbiZ/h&EL 2% (Biuwetal 2003), FEND Papima DIEVIFTA b 11— /37 —
VICHBTLIZENTHAIh, EBE. vz vy T UVT ¥ F ¥ Leptonychotes

weddellii (Sato et al. 2003) &~ v 2w 7 25 Physeter macrocephalus (Miller
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etal. 2004) (BT, BABEEIOR Fo—2 RZ —L OBVREE ST
%, Satoetal. (2003) X, V= v TATH I 0 (RAEY EEEE) 2K

BREDEIEL LTHW, Ko@BERIZX vu—2 L VS A5 4 v 7 % RHICST
WRBLEITT D0 L, BELEEIZ b6 7 T4 4 v 7 THEITT S
ZE&ERLE, LHL, Satoetal. (2003) OEBRTHWOREZT VT L O—#
X JKIZBAW TR R DALE R R DY IR IC & 5 8T, BATOfEhA
BEAS 30 ELUTFICHIBE N T\ e, BHNT M OBKFIARS DR X SiX, B
MIOBMAKEZ O LT2L. BAHOKE XIZsinBl 20T 2bDTHY | (Kl
BEDEL 2T R D13 E/NE <18 B, o T, Sato et al. (2003) DEBRTIE,
A PR —=IRE = I HRNORER, BVEHAECBEVRIh O
FIREMER D D, FENEER D panima DBV A b —0 $F —\CHBR B %
D E VI RBITRIZSIGE N TV LY,

AKETIX, ZORRERIETD-DIZ2OOERE T, 3. EB1IC
BWT, MEET — & a—%/31 BT ¥ 5 > Phoca sibirica 3 Bl (7 ¥
v 1~3, Table 2-1) (ZHV fHiF, EANEEEIOR Fa—27 ¥ — D&%
AT, EBIL. AN DABDIKITEDR TOROWRENC, 797 > OBKE
B X ARBRPENBFICEBI N, - T, Satoetal. (2003) Lid#E, 7
V7 ORMAERRIRSND Z L3k, ER LI TEERO R ho—
TNG = DBNEHRB LIz, ER2E21To7, EBR2 T, "M ATH
ZV1EE (THFF 4, Table 2-1) ICIEET —FnH—LE0OEY 21V
7, BV 22— ERMTHVMT itk A—EEPOCEDY H Y ORE
(Danimar 23 BV VIR EE, weighted condition) & B 1) & L DIREE (0animar HMEV VIR TE,
unweighted condition) @ 2 DDIREEDTTENT —F 7=, Panimat DIEVD A b
R—=INRNF =B EEADEVIRBAPELVETIUL, 2 O0DKRETX
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FR—=IRE—URRBZIITTHD, BEVEVORETIZ, EBLOWKEIZK
N, BITRFICREIVENWT 54T 400 7% L, BEMICIZE VESRICA fo—
I3 BIERNTRENS,

4—2: #EEFH®
4—2—1: FT—FuaH—0HH

AETII2EBEOT— % v —%H\/-, UWE1000-PD2GT (B &R 22 mm,
& 124 mm, ZHhER 929, U ML AT RiER) & W1000-3MPD3GT (&
26 mm, BX175 mm, ZFEE135g. U b LA RERD) Th B,
PD2GT X7 #5751 & 2 (& HI2FEER 1) IZHW, BMPD3GT X753 (&
BR1) L7¥T7v4 (EBR2) ITBW, PD2GT i, MEHGERE, BE., REK
BE1RHITE, 2HWOMEEZ 116 T LICEE L, A€V —i% 32 Mbit T
&b olz, SMPD3GT (&, HkdE, RE, BBKE, SEMOMBRE 1BHTL,
SEWMOIMEESX 1M6H T (TH¥F7V3) LR URHITE (THF524)
WZEtdk L7z, AE Y —1X 512 Mbit ThH 72, PD2GT IZBW\ T 3MPD3GT i
BOTH, FHHITE 2BKIEEIZ1000m THY |, 4fEEEIZ 024 m ThHoT-,
PD2GT & L < iX 3MPD3GT Oftft, ZNEND TV Z UNZTF VX N #ILEB 1 Y
— (DSL-380DTV: B 22 mm, £ X138 mm, ZZHh&EE73g. U L AF
v RHEY) YT, AFRTHE, THPI70OX ba—27 38— @R~
LZORBHNTH-H, 3BMPD3GT 6B b -HBEET —F B LV
DSL-380DTV 7> 645 & 4L 7= # 1L EHRITARATIZ W e b o 7,

T uF—REIROHOKER (F8,. VHF %5587 8, Fig.2-1) &9
IARE RO EHERIL PD2GT VAT A(TH 51, 2) T360g.3MPD3GT

VATA (TYF3, 4) T370g Thol, MVATALEBLEDR %
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b, TOKPERIL, PD2GT VA7 A (FHF5 21, 2) T-110g. 3MPD3GT
VAT A (THF3, 4) T-8gThol, ZhbDHEENT VT T Dk
TG 2HBIIONTIZ4 —4 -4 TEET 3,

RB2TIE, F—Fuf—itmz, 7H¥ 7L 0EPIHOEY (FEX 10cm,
BOcm. B 1.5cm, ZHER1.45kg) 2BV T, [OBRPANR D~
SDDLRNE S, BRELTABRIVWEY ZHVWE, #hEF—Fah—o
BHCEETHZ LT, BVEVOREL BLOKE L CHIEREEEIED
DRVESIZ L, EVIE, FA~—RYIVBEELIERE () ML LAFL b
&Y TH T a Bk L 24 BRIZICBHOERL L VB S -, —F. 7
—F A —X 72 REERICE Y B h TE S T,

4—2—2: RE WEHEET—F O
RET—ZIZBLTIE, 3—2—- 2 CRARAHETHEAEZEEL, 41
DK ZHEAT (descent), AR kA (bottom), ¥ E (ascent) D3 HDT7 = A X
a7,

BHORET —ZIZBLTiX, 3—2—4 TRAREZFET, SO r5H
SR R OBEGEE (ms™) ([E#®m L~

TH 7Y 1LIZOWTOERR :
Ucar =0.059123+0.069429*N (R*=0.96), (4-2)
THZ 21200 ToEYER
Ucar =0.101040+0.066433* N (R?=0.96), (4-3)
THF L3I0 TOEIFR

Ucar =0.078603+0.020201* N (R?=0.89), (4-4)
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TH 4z N TORIRR

Ucar =0.085606+0.018973* N (R?=0.96), (4-5)

WEKEE D FREIL, T o7 —EESICHY T 5EEOMS TH Y, H
RAOEETREIND, T72bb, 7TH#521T0069ms" (£X4-2), 7%
7327T0066ms" (X 4-3), 7H#F53T0020ms" (&K 44), THFF
v4T0019ms" (BR45) Thol, 7HF 3 L 4128 DRMERTF
TY1E2EBIBRENEIVLECDOIX, FHALET—F o i—0BWICER
T5, bbb, fiFE THEM L7 WI1000-3MPD3GT O uRF 28, #%E Tl
L7z UWE1000-PD2GT DZh LV b L E#iEd B2 L 2R LTWVWD, Z0bh &
4—2—6 ThD X 5 IRBEHKEE DT 21T 2 121X, DL HFREDE
F—ZRNAEND,

4—2—3: JIEET—F O

MEET —Fa T = L>THLNDNMEET — X I1ZiE, BHRIEE (1
fEDA b — 2 IZ XD EDHMER L) LHAZINEE (EHMEE2 L) MR
ELTWD, Z4NE—2EoTHELFITDZLICEY . ERGRMOMEE
(sway) P OHEIZ L2 X ba—2 2D H L, F 72 (Kl 5 1/ o & (surge)
POEEMAE (77 ofEl kTR e N TAE) BHELEL, K
DIEEN CEAELZHET 2 HEE3 -2 -3 ThZ@BY THH, 22
T, EAHROMEE»D A hu—27 28 By HEEEdd 5,
EASBOIMEEICIZ, 7T or—Y 7 (roling) 12T 2 K&K
OBREENTND, HBICLDX bu—27 OFERETRY HT 7, ~NA/S2T
ANF = T ZOEEBERSZED RV, SEECARERK & 2 b 58

38



a7 4 W —AEEERDD, T, EAHMOIEET — % % &E 7
—VxEHBL, NU—RAXS MBEERHAELKL, TLT, WL 5 X b
—ZZRIG LA N 2> THAD Z & #HeB L7 (Fig. 4-1), LD AR
BB LRy, THF V1 ~4izx L, #0Fh 1.25 1.19, 0.63, 1.25
Hz ThHolz, ILOREE LV IEVERERH ICHAZZBAR OS2 (Fig.
4-1), TORMOEBEETIC L THEER S BRI LIz, SMOBEEK
i, T 1~41zxt L. ZhZFh 0.75 069, 0.44, 0.75Hz Th - 7=, KA
TR DRI NA XA T 4 N F —F iz, 2IHAL—Y 2 (Marchand
and Marmet 1983) # 10ELEA L, X bu—27 BRIV bEEED 2 4 X%
BB, DLEORIEENE L= %OBEE» S, RIBOEMENHLBME LY
bREWIEREA hr—2 L LTHH L (Fig. 4-2), BHEIX, RS2 S5 7
FHCRTEYRMEEZREL. TFF L 1~41Z L. FNEFN0.2,04,03,05
ms?l Lk, 7¥7 VIR ERCITLRS > THEN ERAESE D28, M
EHEDOILEBRDTHN, AEPHESL LIFENLFLEVI—EDR ha—2|Z
MG LTS, BT, FEREOR bo—7 HEIX, X bo—27 0RKEETY
L<I3ZELOFERTEH-Zb 0 L L,

4—2—4: Rba—IRE—UOBFOEDOT—ZBIR

RETIE, N ANTF T2 ORKEE, B, KEHEREZH8E L
T, BABAR b a—s RE— B2 DHBERD, BB ORI TIX, &
D2OOFRMERIT TERTHEKT —FERVAAT,

(k1) BITRB L OVE LRRC BT D REAEOEHIL, 30 BEL Y LIEVWT
Lo TOFRBEERITDHZ EIZED, BAPIZIZE S LFEHRT RO KETT
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T DR E S REIDOKE ZI28inB0°)=05 27D LV K& 5, it
ST, BABRA M — I RE—NZEXDEEBR L VAR S, B, =0
BME 30 % LI 15, HBVIITIC15ETH LCH U 2R A28, Vg
NOFED, TOhE 4— 3 THRRBERIZEITR N7,

(RfF2) BIT7 24 AR TEOEERB LU LT = 4 REIEHOEREILZ. &
BIZ15mEVENZ &, L, BT, BLE7 A BB E 0 IcENE, X b
2= BEOEOEEENREL L NLTH B,

4—2-5: HHREOHERE

ER2TE. 7YFVCEY ZRY ), ATHICRNE2EZTRB 2 LT,
BABA L a = RE— B2 ZEBERALDICT B2 E2RAE, Ll
BAKPOTYZ 3, BHOEIFAOEEBLZT S, BVICLIRSRHA
BT T UEPDRoleNE I DERRDID, THFFTONKFILTFAF 4 v
7L TN 5 & & OBEENOHL %% FHH L (Clark and Bemis 1979; Bilo and
Nachtigall 1980; Videler and Kamermans 1985; Williams and Kooyman 1985;
Feldkamp 1987; Stelle et al. 2000; Ribak et al. 2005). VW H Y OIREL E L D
RHg & Tl L7,

THIUE BRKOR AT 2 A XT, Abu—2 L5474 VI %%H
AT O BB tkiE R N2 2 L BN LiciER L (Fig.4-2), —o TRk
=7 &7 74 Rkl TKEZEATWBEEOBEXMEZ, EYHY OIRE
L OREBENZNH, D 100 KR OEIES TR L7, 2 0.24 m OIE
EF—ZCEERRbReNE &, THF UK EIZKNTNS & R L,
#i/iD (N) 2ROERXDLEHE LK,
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D =m-me (Ut — Ups1), (4-6)

ZZT MBTHFILADKE (EYH Y OIREET 46.65 kg, & L DIREET 45.2
kg) THD, meid. 7¥ 7 LV OBEREZOWETREDOFMEEL EET 5120
DRFZA=FTHY, mme BT T OEBEBLAMER L ALY RERIC
R%Bo Un Unt ZZNENEER L, t+1 ()DL XDOFE (ms”) THh5H, 4—2
— 2 TRARIZ@Y, THF L AIIBT 2 EEDONEIEZ0.019 m s Tho Tz,
RETHD D, Un Ut 1I3FHETRY, 7Y 7 DRZ RSN (fineness ratio)
5.0 DEFEAE A & RE L, melZid 1.06 %\ /= (Skrovan et al. 1999; Miller et
al. 2004),

KIZ, ATEREERE L L& LR (Co) 2UTOSEX0OHE LT,

Cq = 2-DI(pwater Ar Uz), (4-7)

ZZ T\ Pwater HKDEE (1000 kg m®), UL Ut & UniDFEH (ms™) TH
B AMiZ, 7T Z v OlrEAZ M ERE L., REY OFAEI»GHELETY
7 v 4 OREREEE (0.0911m) Thb, EHTH5B Co D, UiRHETT
To Caldb A )NV (Re = LUWV) \ZXk»TELT B0, 7Y 5Dk
ERIET D VA I NVABE L BICRET D, L ZT7F 702k (124 m), v
BAKE 5 E (F—#a -tk W IEINET V7 v ORBAKEEHHE) 2k
B DBNEEEE (1.520 x 108 m? s™'; Anon. 2004) TH B,

Ribak et al. (2005) %, REKEZAWEZERIZE D, vBREZAKEIZK
L&, EDENTH BB OLDIC TR IEEGITHZ 2R LE, HHIX
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Flo, VOBDHEEPRENZETRNREPKREL 2B L2 HRE LTS,
IV LT RMELS L&, Z0AELZHZMA (angle of attack) & FEUY, 9
AOEFLREITNZ FIZ L > TEIET B Z LB TWVS (Vogel 1994), A&
MRETHE, TRV LRRY, KETITA T4 v 7 OBICHX A% b2 7
WERE LTz, BEICE ZIEZOREIXELL 20 E Ly, Lzl K
WTTAT AT MM UERE (VA D ORIE, 23.746.3 m; # L DIRIE,
36.125.8 m) IZBWTT7 ¥ 7 LV OEITPFHERNGEL . BOEORNZ B O
LITRRY, AXAOEEBININEEZOND,

FXT A—F OHEEMIL, FICHT D BV BE . TEHE  EHRE TRT,
P<0.05 DBEITHIAMNCHERE TH D L LT,

4—-3: FHR

THEZ1~3 (ER1), 774 (EB,2) »5, FhFh 20, 20,
24, 2B OT =2 B3/ b, ZREh 178, 160, 116, 489 EDHEAKITE
DELEK SN TV, TRHIENA INATHFFZ 5010 TH S N RAE K
T ThD, T, BAREE. BN, KEHERRZEMCBETS
(Table 4-1), HKEFH & BAKEREE & OBIfRE Fig. 4-3 1279, BAKBFRI L, *
DK DHEDKERAERFE & OBFR % Fig. 44 (2R d, EBR2ICRBITHEVAY
DIRFEZ RN 22 TOEK (N=740) T, FEHOWKEEIL66.1253.7 m, KX
OWKIREEIL 324 m, FHOWAKEFRIL 7.0£2.6 43, B RKOWKIEREIL 15.4 4
ThHolz,

ERLIZBWT, A M= XF = OTICAWD D&M (RE LK
WAKE., 4—2—4288) 2 LEZEBKOEI, 7HFF721, 2. 3250
TENEN 104, 70, 94 TH -T2, TNENDOEEOHI LR ha—r R
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—> % Fig. 4-5 27”7, BITRED R hu— 7 HE, 7% FiED R b o — 7 5 13 E
BICLYV B> TW e, THFZT 1, 31220 Tid, BITHOR b — $E
DFEERFORX o —7HE XD b EEICED 72 (Wilcoxon test 7H 51,
3, P<0.0001; Table 4-2, Fig. 4-6), 7H 7 21225\ Tid, BITHRFD R hr—
JHRENZFEROA Mo —7HEIVLERIZED -7 (Wilcoxon test,
P<0.0001), 7 ¥ Z ¥ 3 . BT 7 =2 AOKEDYTT FATF A TR LIZT=0,
BITRFOR hr— 7 BEN L Y biF{Er o7z,

RR2IZBVWT, 7¥I7 413, B 24 FHMPED Y ORE, Zhiok
< 4BRFRIDSE Y #E L DIREETH o 7o, WAKEREIZIZ.EY A Y DIRAE(62.9149.0
m, N=177 dives) &L DOIRHE (58.9£54.6 m, N=311 dives) THBERZENZH
<7z (Mann-Whitney U-test, P=0.95) , & /KB i1Z. B D A Y OIREE (5.842.5 min,
N=177 dives) 128\ T, L DREE (7.5£2.0 min, N=311 dives) L v L, HEIC
Hh o7 (Mann-Whitney U-test, P<0.0001),

KETFGAT 4 TREOBEENOHAE LTI L, Z0 L O HEE &
DR % Fig. 4-7 IR, AIEREEBEICE SO AR, EY A9 ORE

(0.11£0.029 at Re of 8.7+1.3 x10°) & #E L MK (0.11£0.019 at Re of 8.8+1.0
x10°) THEBRENRI ST,

ER21IZBNWT, A ba—7 ¥ =  OIICRWB 2D D&M (FE LI
WAK, 4—2—-68K) ML LEEKORI. BEVEYORELELOR
BTENEN, 73 L 109 Thol, ZNENDOREBIZET 5 HAH2 R ho—
7 88— D% Fig. 4-8 \ZRT, ITRO R b — 7 HEIX, HYEF Y OIRE
ICBWT, #ELOREL Y FEIZE) -7 (Mann-Whitney U-test, P<0.0001;
Table 4-3, Fig. 4-9), # FBFD R bu— 7 #HEIX. BEVA Y OREBIZBWT, &
LOKREL Y HEIZE -7 (Mann-Whitney U-test, P<0.0001),
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HYVAYORELELOREBIZRIT 2EKITEIOZES L 0 3EMIZHRB -0,
BITB L OZ EBOEKER L, R bo—27 ¥ — o LikGERE IS\ T 3

DDHT Y — 2417~ (Sato et al. 2003),

(1) 72475 47 (prolonged glide) : % b u—2 RRik: L IREET, ek
HEXLIEO LRI 2380 THEITHIZ 2% (Fig. 4-8A,C,D).

(2) A ha—27 &7 5 A K (stroke-and-glide) : 2 @ —2 MWiEmIZFTdi.,
EREE I ENE U T ER, TR 5% (Fig. 4-8B,D),

(3) HfcA bz —2 (continuous strokes) : & k11— pSEEEHIIZIT DAL,
FORBE 1T —E LT\ % (Fig. 4-8A,C),

BATRRZIZ 2 2O RXF — U RR BN, Thbb, BT7 24 XOMT- &
AP —=0&TIFA RETENF—E A —F&TT4 RTETLEAD
TRTFAT A IO BEDLEIRY—ThDH, TOBRETIE, BEDE
—VERBIZTIAT 4 T MBI LT D, TDT5AF 4 T DT RE
—NCBWT, RAha =TI &TTA RNLT 54T 4 T2 B DIEE I,
HY AV ORAE (9.914.0 m, N=70 dives) 128\ T, L DIREE (49.8+17.0m,
N=36 dives) LY BEIZEM -7 (Mann-Whitney U-test, P<0.0001), fi#4TiZH
WIZ T RTOEKREBREAKEREIZESNTES0M Z LX), ZhERDOHE
BERIIBIZA N —2&TTA RETTA4F 40 7 OHBBEE% Fig. 410 IZ
RLTZ, 150 m LIEROBEKIZENT, HEVE Y ORETIE, BLOKELY b
BEIZ T T4 T 4 7 BRR.B7- (Chi-square test, P<0.0001 for 0-50 m and
50-100 m, P<0.005 for 100-150 m), 150-200 m D#PHTiX, BV H Y ORI
BILETOET, BLUEVELORBIZEBITIS 6505 0EITNI 745
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AT ThoT, ZORERTIE, /79474 7 ORBECEVEY OREL
B LORETHREREN 2 -7~ (Chi-square test, P=0.095), 200 m LIED#
KT, BYDOREIEDLLT, 2TOBITNIFAT 4 Tholx,

FERIZIE, A ha—2& 7574 FH L IZEHER hu—s BRLNTE, F
EORPTEFKFEXPNY BDL D Z Lidlkeh o7z, 200-250 m & 300-350 m %
BRANZ50m L Db b DIREH T, EHEA br—27 BEbN BHEEIT, HY
HYDORBIZBNT, BLOKRELY bAEBICHEDI >, (Chi-square test:
P<0.0001 for 0-50 m, 50-100 m and 100-150 m; P<0.01 for 250-300 m; Fig.
4-10), 200-250 m & 300-350m D 2 SDOEEHTIT, HY H Y ORETOEK
FLERDN IR Mo T T DR T E R o 72,

4—4: EE

4—4—1: BKRELEKRERH

3 18 B 34 MDD 5> b, NAANTHF T Uik, TOBKITEIMT L
WEGZGPOTHRWETH D, BEOPITIX, Stewart et al. (1996) 2%, A
THEZE > TT—F REET DX A TORBRFHE A DAV THF L ORRAE
4 BB AT, BAERE (m) L#EARER (5) OBENHREREEAND D
DAHTHD, TNIZED L, BRHEEORVEKEE & BKRERIZZRZ,
10-50m & 26 3 ThH o7, B TIZ, NA DATF 7 2 ORERFIEAT — ¥
ZIHTH, | O OBEKENERTERNIL T A —F 285 Lz, ARIT.
FETT7.055, BRT15.4 53OBKREMYIE LITo 7, KEHERREILFEEY T
1253 Thotz, BARKEEIZEHTEE mTHoN, E62FRKEL, KX
T 324 m OEAMEEFEINT, BIEDLZA, ZOR4mMB, "L INTHF
VL BBKRDORIELHR TH D,
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NAANTETZUE, Dy TATHEIT UL E I, ABEEKBR

(aerobic dive limit: ADL) # EEBIE SN BDRNT I B THB L b,
Z OBEKEFEIL, BB OB R EBEBEMFT D ETEYVDITEETHD (N
A ZNTHZ L, Ponganis et al. 1997, U= v T /7 ¥ 5, Kooyman et al.
1980; 1983; Burns and Castellini 1996), AEMEREKBR L I1Z. ThE2 B2 5E
WEAKREIT) & ERRAHMERICLYDTOLBRBEN AT LVIE
BRTO, BREKEROZ L THS (Kooyman 1985), 772 L. ZDFEICIE
kam DRHIA % 5, Butler and Jones (1997) i, MFDOFLEEMEEN LH Lik®
DT L, ABEBER#IKEDLoLZEELTLLEKLRY, T72bb, UM
RENER LD LETH, BRIZBRIINVL BPE->TVBIXTTHS &
B L7, Thwx, LBRBEN LF LD 28 KRN % 58RI KRR

(aerobic dive limit: ADL) & FERMDTI5H> LY & Butler and Jones  (1997) i3
FEL, Rz, BKILEEMME (diving lactate threshold: DLT) D AGERZ 2R
L, LinL, BEETIOMHERENIEEERELTELT, BARBHOLER
(BT DT, AT Db T HRMBE KRR (ADL) 0HEIMEDN D
BAENZ, AP TIZ, ZOBAICR BV, FEBREARRA (ADL) ©H:E
ZESZ LT3,

NAINT FZ7 S DORBREABRIL 155 THY (Ponganis et al. 1997) .
AR TRESNIZE2TORIDOEKRD S H, ThEEZ D DX 2 (0.3%)
LZehroTz (Fig. 4-3), #-> T, XA BATH T Ui, BAKPOT R/ E—JR
EIABRBABIE > TV ERRBEND,

& AT, Stewart et al. (1996) %, A DA KIZBOR TN B L O
Bz, 40 R2BALORVEKPBICERINTLZLEREL WD, THFIv
MAKD T 2N THIR R EZETLEND D56, ABEASHIOMZ TEREER
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HEBRICTHZ LT RSAKBETICHET 2 ZL0H 50759 L Stewart et
al. (1996) IJHELTWVD, ZOX I REVEBARAETHD Z Lix, BAD
ERTHLHEIDHN TR D, Baranovetal. (1986) X, A BT HF M,
LU EAETHE > TOOND ZLERELTVD, U=y TFATHT P
ABEREARRREBLDRVEBKEToHE, LR LM OABBENR
HOKBEIZRZ E T, KEIZHEL TR Z L B85 T3S (Kooyman et al.
1980), i< iT. BKKMD 20 LA T L EVEE I, BABICE S 5 EHERR
IX10GLUTFTHD, Ll BAKMIABREBKBR CHD 20-26 y&#E 41
5 & FHEIZET SRR SEICHEM L, 60 5B OBADEIZIT 2 BERTH Dk
EHER RS BLEIZ/2 D (Fig. 44E), NAANTHFZUIZONT, BARER &
IKEHFERR] & DRIfRZ R TH 5 & AR TRRgk S 7= KB % (0-15
53) 12T, Kooyman et al. (1980) 23#i4h L 7= X 9 22 /K Wi (ERE R D 28 72
IR ohznol (Fig. 44AD), ZOZENDBL, XA DT HF T UM,
BAKF DTN X =i e EICHBRRBIEH > T Z ERRBIN D,
VxyTATHT U, BRIRBIZBWTHBRE KRR 28X 5 E VK
EOOIIZLRNI LD, BKPOZRAX —REFICHFBRRRHIIHE-T
Wb EEZ LN TW3 (Kooyman and Ponganis 1998), /NA AL T7H 5L T
Rk ZZRERDEONIZ L6, ARRRIKGT T 2K PO XX —#
M2, Uy FATHZ VHAOERZTIERL T VE-RICETLE
DHBTHDLZEBREIND,

4—4—2: Abha—IRXF—ZXTARAEYDOE
NAHNTFFLDA R r—g R — AR L > TR2Z 2 ENERR 1

TRENT, THZ7V 1, 3T, BITROR be—7 HENRE LRFOZN L
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D BEDSTZDIZR L, TH T2 T, BITEEO R b o— 7 HERE LD
ThE v bE» o7 (Figs 4-5, 4-6), ZD X5 RENEEBICHOR Fr—27 /%
F—rDEWNE, vyav s YT (Milleretal 2004) LU0 = v FATHS
Y (Sato et al. 2003) THREIN TS, v va s I5 T, BERLD Y
BITRRIZE K R b r—2 3380 — U B—iE R, BEIC L - Tk, BT
LD UFELERFIIZEI A =0 F5 - RHN5 (Miller etal. 2004), 7
=y T AT FZ VTR, BEEERIEEFICE R br—2 L, Kok
EITRICZ A br— T3A™H D Z L B@MESHL TS (Sato et al.
2003), ABIFEDOER 2 TiX, 7Y I VICEY 20 1), #A ~—TH T
ZEIZED, REERA b~ RE—NCHBRE XD 2 L T EENS
AERLZ 3T, BV NYI D BEINEBREO S, TS VBRI R Fr—s R
RS, BITROR e — 7 HETEML, 2 EEOX Fo—27 8
BEixBA L= (Figs 4-8, 4-9), BV BYIVEES KB Z LItk > TT7 ¥ 0ik
FBEPRBYT D0, ZIIIEIRBIEM L IZZ L oY T 5, E-T, EBR2
TROLNZA b — 27 HEOE{LIZ, Satoetal. (2003) IBITBTHF T DK
WEHE LA Mo —s ¥ —OBfE L —37 5, Satoetal. (2003) %, #ED
BEDA br—r RE— L Z2OKRY BEER, ZRITH L, AFZETIE,
H5—EEDEEEE ATHIIEXTEDAR hu—2 RE— 2 OELERT,
ZOTDHIEITED, KA XDBENRE, A bR —I RE— I HEBT ]
MR DH OMOERERA L, REERA hn—s RF— R BTH L%
NYEENRFERD Z ENTE L,
HYOYVEELIZE DA bu— 27 BEOEIE, FIZHKEROEICER
LTWe, BVEVDORETIZ. THVI LT 745 4 0 7 TEIT LR b
R—7 THELEL, —05, EVELORETIE, BITHLF LKL X ba—7
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&7 T4 REEIZENED ok, HEL, EVELORETSH, 150 m &8
R DBNEKTIXBITRRIC S 74T 4 V7B RA 607 (Figs 4-8, 4-10),

TI3AT 4V ITRRONTERIT7 =24 X128V T, EVEY ORETIZ, &
LORBIZHAS, BWRETA MR —2 & 754 RDbTIA4T 4 2 72k
HADBYIY BEboTz (Fig.48CD), X, 7HIVBIIF3A4F 40 %
BASES DIREIL, HEADERBEICLDZLEERLTWD, THIZVBEITT 5D
ICONTHDOERPER S, HDERETY 74T 4V TICH 5 RADE TN
BOENBDOTHAD (Skrovan et al. 1999; Williams et al. 2000),

KETFZAT 4 TReOREENPHFHE LHLREIT, BEVAE D ORE L
HLOKREBTEN Do, HoT, EVILLARLGRAIBTHF I VDR L
H—I NG =B 52 RIS N EE X BB,

4—4—3: (EEIZHTIEVOR

FKER2 THWE 1.45 kg OEVIZITF I VOBREER2Z FRIETEZEZOTH
A0, BVHEYVOREBLELOKREBOEREEDZE (Ap) 1. KOEXTEX
ns,

Meear + Mweignt
do= , Moo P (4-8)

psul pvulghl

ZIZT, Meea IXTHFTTDEE (45.2Kkg). Myeignt (FEV DEX (1.45kg).
Pseal 137 VT L DIEEE . Puweignt 1ZE Y DEE (11350 kg m>) Th 5, £
THD AP & Pooa IFHETTRT, s DREABTHB 720, BX 4-8 DADEE
B4DZ LiIXTERY, LI L, psea?S Do ICHEZBEEIIDR, TRbb,
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BRI H V182D pseat DFIFH (1000-1050 kg m) 123U\ T, Ap IT BT
#iPH (29.2-30.5kg m®) ITINE B, > T, ER2CHVEEY L, THT
DEBEZK0kgm? FRXEE L V25,

30 kg mP DIEBEDOE N E, KIEHEOE ICRET B L L5230, UTF
DY T VAEEZTHD, THFTVOEBEE (0sa) FROEXTHEEINSD,

Pseal = Piipia’ Piipid * Piipid-free’ (1-Pliipid), (4-9)

Z 2T\ Pipd [TV T ORRMI DB, Pipidree 1T T S DIEH RSN 2 TRLY
BRI DEETH D, Pipig (IEEIZED BB OESOEAETH B, &
BTH D psear & Pipia 1IAHETRT, BB Pipig, 1> TRRED peea b o722
BROTHTL2EZD, F2IZOVTER 49 2T, —HO@EINLE H —
FOBMBEZEL Z L2k, UTo%ER%2ES,

Ap = -APjpia (Piipig-free ~Piipid), (4-10)

Z 2T\ pipia 124E, B b CEHBIS 745 901 kg m® & BV 7= (Moore et al. 1963
cited by Biuw et al. 2003), pipia-free IX. /A 1 17 7 Z 3 Halichoerus grypus @
EOBRBENTE 281 D ERER Y OEIA (2 2R E 24.3%, [R5 2.8%, K5
72.9%; Reilly and Fedak 1990) &, b hTEEIENZ, TN O DRSS DR (¥
> 7R7 8 1340 kg m™, K4y 2300 kg m™>, k4> 994 kg m>: Moore et al. 1963
cited by Biuw et al. 2003) 7> HEHE L. 1115kgm™ & L=, %X 410 12 B\,

Do 230 kg m® & L72& X, APpupser 13-0.14 LEHESNZ, 2F Y, EYIC
Ko THREEN30kgm 51 & EiF b5, ik, HEEIHED 14%H- 72 =

50



SIHYT DL VR D, BRI R, BREHCRLMICERET 520, F
R DUREN R DOEBIIE A 20%IZ b 72 5 (Beck etal. 2000), AZETix, BV &
DT TEIVEES Z Ltk Y. FENREEHROENEY I ab—va LT
DILEBTEL, BVAVORBLELORETIEIR hr—r ¥ — k&
BREVPRONIZZENE, BRIREBOT Y243, KIEVEROBEHNAEKIC
MHL TR M= RF—VBEZTWBEEZLND,

4—4—4: FHREOHE

BKREBMDPKEIZTFAT 4 7 LTS & & DOBERD LH MR L3 E
TOFEI, THFL, RUFr | vEORBEEEEZH - 2 KREER THF
HiI 2> Wb T& 7= (Clark and Bemis 1979; Bilo and Nachtigall 1980; Videler
and Kamermans 1985; Williams and Kooyman 1985; Feldkamp 1987; Stelle et al.
2000; Ribak et al. 2005), AETit, ZOFE%, HEBHEH LT 4 —L K
EBITIGA L,

Miller et al. (2004) %, T—# v —%2BVE~vyav s P7OFREICBD
T, BONRERITFAT 4 T TBHERBERA L, ZOBEOWEREDE
LR BMAENP O NIREEHE L, BEBOISAT 407, 295
DEEIAKE SR & [N TWS DT, Miller et al. (2004) 2 & BH RO
BTiR, BAOKEBLERTILNERDb -, BAIX, BWOBHEGEE. &
NDOZER R CITRTFET 572, Miller et al. (2004) OFETIE, “h b
TFA—FZHEELRTNEROT, HECHERERDIBRICR -2, THIC
L, AR TIE, THFIZVBKEZTTAT 4 7 LT BEOT —4 %
WOHZEIZLY, BAOLMS L THARBERET 22 LM TEE, ZOFE
BERETH 212D, KR THW =T —F 1 —5, Miler et al. (2004) @
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bOLIZRLRY, FEKEEY LS —RBLTW D THS,

T—Fu =R AR EOBBY. AR TRRE L 2o TEHHO B R
BRITRIZGT COB SRS D, ZOREEETHED, AR TELLE
NAANT YT L OHSREE. 4 FETICHE IR TV B MOEHEEOME &
B L7z (Table 4-4), fLDEBIILT, BMOEEKEAKE T TARE T 5Tk
TITONTE Y EMWICHEIR 2 IEE L TR, AR CRIE S 7-4E 0.11 13,
MOERD G/ OLNIEOEAD LIRIZSHT= > T\, - T, AFERTHW
7 —gai—E Nk, HIRERNVOFBEEZE L THAZHC LA
WRH DB, THF L DITENCEALREEL 52 TidWienetEx bh 3,
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Table 4-1. Summary of diving behavior of Baikal seals

Individual 1 Individual 2 Individual 3 Individual 4 All data

Data length (h) 20 20 24 48 112
No. of dives 164 151 114 311 740
Dive depth (m)
Mean 72.3 65.2 77.7 58.9 66.1
S.D. 57.4 48.4 49.4 54.6 53.7
Median 58.0 53.7 66.2 416 51.1
Maximum 234.2 2421 222.3 324.0 324.0
Dive duration (min)
Mean 5.7 6.4 8.1 7.5 7.0
S.D. 2.8 2.8 2.7 20 26
Median 5.7 6.4 79 7.4 7.2
Maximum 11.2 13.5 15.4 14.4 15.4
Surface duration
(min)®
Mean 1.3 1.4 1.3 1.1 1.2
S.D. 0.6 0.5 06 0.3 0.5
Median 1.3 1.3 1.2 1.0 1.2
Maximum 42 2.8 5.4 22 5.4

a Data in the unweighted condition was used.
b Surface duration between bouts (>14 min; 2, 3 and 3 surfacings for Individual 1, 3
and 4, respectively) were excluded.
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Table 4-2. Stroke rate for the three Baikal seals in experiment 1

Individual 1 Individual 2 Individual 3
No. of dives 104 70 94
Stroke rate in
descent (s™) 1.45+0.45 1.81+0.29 0.2610.16
ascent (s™) 1.82+0.18 1.201£0.28 1.0310.28

Values are means +S.D.
Wilcoxon test was used.
*P<0.0001
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Table 4-3. Stroke rate for the seal in experiment 2

Weighted Unweighted
No. of dives 73 109
Stroke rate in
descent (s™) 0.2640.23 7? , ’ - ﬁr 0.93£0.36
ascent (s™) 2.36+0.11 - L 1.53£0.19

Values are means £S.D.

Wilcoxon test was used to test between descent and ascent.
Mann-Whitney U-test was used to test between weighted and unweighted.
*P<0.0001.
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Table 4-4. Drag coefficient (Cd), based on frontal area,
and associated Reynolds number (Re) in pinnipeds

Species Cd Re (x10%) References

Baikal seal

.y 0.11 0.87-0.88 This study
Phoca sibinca

California sea lion

o 0.046-0.070 2.03-2.87 Feldkamp (1987)
Zalophus californianus
Harbor seal

L 0.038-0.088 1.6 Williams and Kooyman (1985)
Phoca vitulina

Steller sea lion

L 0.080-0.13 5.0-6.1  Stelle et al. (2000)
Eumetopias jubatus
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Fig. 4-1 Typical example of power spectral density, calculated from swaying accelerations for

Individual 4. Arrows indicate the tough and the peak.
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Fig. 4-2 Speed and swaying acceleration during stroke-and-glide swimming for Individual 4. Grey
vertical bars denote periods of glide. Deceleration rates during glides were used to calculate drag. The
experiment was conducted on July 6, 2005.
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Fig. 4-3 Relationship between dive duration and depth for dives made by (A) Individual 1, (B)
Individual 2, (C) Individual 3 and (D) Individual 4. Dives made by Individual 4 under the weighted
condition were excluded. Horizontal line indicates aerobic dive limit (ADL) measured by Ponganis et

al. (1997) (see ‘Discussion’ for details).
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Fig. 4-4 Relationship between dive duration and post-dive surface duration for dives made by (A)
Individual 1, (B) Individual 2, (C) Individual 3 and (D) Individual 4. Dives made by Individual 4 under
the weighted condition were excluded. Surface durations between bouts (>14 min; 2, 3 and 3 surfacings
for Individuals 1, 3 and 4, respectively) were also excluded. For comparison, data obtained by Kooyman
et al. (1980) for Weddell seals are also shown (E). Note that scales on x- and y-axes differ between
Baikal seals (A-D) and Weddell seals (E).
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Fig. 4-5 Typical dives made by (A) Individual 1 (June 19, 2003), (B) Individual 2 (June 22, 2003) and
(C) Individual 3 (November 1, 2004), showing swimming speed, depth and swaying acceleration.
Vertical broken lines separate dives into three phases: descent, bottom and ascent. Note that stroke

patterns in descent and ascent differ among the individuals.
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Fig. 4-6 Relationship between stroke rate in descent and ascent for Individuals 1-3 in experiment 1. The

diagonal line represents identical stroke rate in both directions.
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FIg. 4-7 Drag calculated from deceleration rates during horizontal glides, plotted as a function of mean
speed of the glides. Weighted and unweighted condition are represented by solid and open diamonds,
respectively.
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__ A Shallow dive in the weighted condition
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B Shallow dive in the unweighted condition
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Fig. 4-8 Swimming speed, depth and swaying acceleration during typical shallow dives made by
Individual 4 in (A) weighted and (B) unweighted conditions, and deep dives made in (C) weighted and
(D) unweighted conditions on July 5, 2005 (A,C) and July 6, 2005 (B,D). Vertical broken lines separate
dives into three phases: descent, bottom and ascent. Swimming behavior during descent and ascent is
categorized as prolonged glide (white horizontal bar), stroke-and-glide swimming (grey horizontal bar)

and continuous strokes (black horizontal bar) (see ‘Results’ for categorization).
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Fig. 4-9 Relationship between stroke rate in descent and ascent for Individual 4 in weighted (solid
diamonds) and unweighted (open diamonds) condition. The diagonal line represents identical stroke rate

in both directions.
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Fig. 4-10 Occurrence of swimming modes categorized as prolonged glide (white horizontal bar),

stroke-and-glide swimming (grey horizontal bar) and continuous strokes (black horizontal bar) in

relation to maximum dive depth grouped into each 50 m (see ‘Results’ for categorizing). Note that

scales on x-axes differ between the weighted and unweighted conditions.
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