TUMSAT-OACIS Repository - Tokyo

University of Marine Science and Technology

(AR T)

hiE - EEEEMEE NS e U G E OB
\Z B9 BT

S5&: jpn

HhRE

~FH: 2023-07-10
F—7—FK (Ja):
*—7— K (En):
ExE: BE B
A—=ILT7 KL R:
FirI&:

https://oacis.repo.nii.ac.jp/records/1763




s S VA

T - g EENEZ R E LT
Vg F M 218 D BRSE I B9~ 2 0F5E

Rk 30 4R
(20194 3 A)

AUTHRPE RS K 27
BRI TSR
I PR R






[ VAT

T - g EENEZ R E LT
Vg E M HH 2 1B D BRFE I B4~ 2 WF 5T

Rk 30 4R
(20194 3 A)

AUTHRPE RS K27
BRI TSR
I PR R



g R A R b LT R 00 B R B B g

ER/N

=E

g3 = - OO 1
1-1 WFBRIEDMERELOTED IZOUN T 1
1-2 MZEICHIT DIRIERIRE L Z DRI oo 3
1-3 RIS DUBEBIADIRIELTI TR oo 5
1-4  HERIEH IR D AT I 5
15 ARBIFFED H BT EREEL oottt 7

B2E WHRDIXIXTZE EHELETT e, 11
2-1 BAEBEE 7T e 11
2-1-1  FEBRIBFT &M L7HAIT OUN T e 11
2-1-2 FEBROBETL ..o 12
2o R R 14
2-2-1 HEHETT L UL T E D /X = e 14
2-2-2 HEES =7 fE, FE, IR EJABILD AL o, 14
2-2-3 2 FDITIZTZ ZAELDZEL oo e 16
23 B R 17
2-3-1 HEHE ST — T D ZEAL oo 17
2-3-2 gD L RIHZEE (TRD) DOBEDBIMUC DUV T 18

2-3-3  JIFEDEAL L HEME T B Z M L DO ELIBE oo oo e et e e 18



I R O VI NIV 1Y s 4 = W =R 51 VD | 19

HIE TREBAMENICET DMEROHEETIDOHERE ..o, 35
B-L HABE & 7T s 36
3-1-1 BB DOHEETI DFHITTIE (oo 36
312 HEHE) E— T EOHETEZUDIEIE oot 36
3-1-3 YFEFEBRITHT L72IEER oot 37
3-1-4 i EFEBRITAE ] U 72 FHIBERR & FEBRTFME s 37

B2 A o 39
32-1 HEHESTE— ZMEDHETET oo 39
3-2-2 HBRMNICIT DI E B EHEE ) B — 7 B, 40

3-8 B SRR 41
AT TRD DBABETT oot 59
41 TRD D EEARTE R oot 59
4-2 TRD DPABET " A 2 D ottt 60
4-2-1 TRD DPFABETTOREELETE oottt 60
4-2-2 PHBETE = A L R OHRETE oot 61
4-2-3 FKTICBTDHBET—A L FOFH o, 63
4-2-4 A TICEBT DT —A 2 BOFHA oo 64

B3 B oo 65
4-3-1 BB Y FOBEPET = A L B s 65
4-3-2 TR Y FOEITETE T A LB i 65

4-3-3 FEDKFEEIT L ABBIT IO T = 2 L B oo 66



4-3-4 PABEE— AL DOHETENE & FEIE D ELILE oot 66

4-3-5 PRIV TIZEIT DEHBET = A 2 B st 66
BB ZBEZ e 67
4-4-1 PABEFIZRERRT D E = A 2 B e 67
4-4-2 FEOBERADEIEE KPEENHARFEET— AL MCHEZDEE e, 68
4-4-3 FEAVTITEIT DEHBET = A U B oottt 68
B5E TRD OBEEIREARIT DU T s 82
T O 5 OO 83
5-1-1  AKHUZIHEE LIZHBRDHETE ST oo 83
5-1-2 FMNTLEE B EAT D MFRDHELET] oo 84
N 3 LSOO 84
5-2-1  FKHIUZHHRE LT 7o DL D AT AT LT DUN T e 84
5-2-2 BN TEE EIF AT S MR DB O AT T OUN T 84
B3 B R e 85
BOE JAENREDOBEH DT ..o 93
B-1  FAEE & JTTE e s 94
6-1-1 VAT DI RAEDITEID G oo, 94
6-1-2 TRD (2% 2 IIER BRFEDITEIBIZS oo 95
B2 s 95
6-2-1  YEEAT T D UIE R BE DT TE oo 95
6-2-2 TRD IZXF T D IESETFERFEDITE] oot 96

eI T =S 97



T-1 FABEE 5T 107
T-1-1 0 FEBRHEEL oo 107
T-1-2 ZEE EUF LIHEEK oo 108
7-1-3 TEENELDHETE oo 108
7-1-4 % EREOITIETZ E THIEEL oo 109
7-1-5  MFBDATENI B Z G- 2 2 BRI DIRTT oo, 110

T2 A R e 110
7-2-1 MEANIZE T DR DZEEZ EITITED oo 110
7-2-2 TEEHEDZAC L BTN oo 111
7-2-3 dfeiE LEF O S JHBELE ZDOBRDITE (o, 112

T-3 B ZR e e 113
7-3-1 28X B BHARATOWERR DITE oo 113
7-3-2 22 FIFBRAABE DUERDTTHE oo 114
7-3-3 MBI TIE Y AT ADOFRFHI OV T 116

B BB AT e 127
2 22T 136



M

R L - fn X+ L8]

[ 22w SC N

Abstract
E‘ff,,ajjf‘ PSR R K5 m mw
WEER | g - e R LT OB B %

IR DIREL, /0 THLWRBEOMAEEVERO—2>TH D LR T\ 5, FE
DETHBREINIEEMEBEICBVTY, BRBEORENSZHHRE S T05, FH, fmMilchbsrm
AR TRE SN A PE - KB EEMICE VT, AN LR HIET 5 ATREME AR D T
WV, FZCEE, HE - KB EEMEIC BT A AEORENINFE S LT, B KIS AR L
THARE U, TEAENCHERNHLEE (Turtle Releasing Device: TRD) % &% () 7= HE & H 2 o 2 7 2
BRINTZ, ANELZHERIL, MRO-OIZHEmICFEELE S ET 50, KM S, EHCRH
WEEx EFaiT@Ea L s (LUF, 2% BiF) . RUATAZEBWT, RIIIHEOMERNI - T2
P EITVWAN S TRD £ THE SN AIHATH DA, TRD OFEMARMARITRE Th - 72, AR5
TiX, TRD OBI%E LRI Z BROE Lz, TRD 1%, KIS T -iEAONE O ZETEBY, F
BONEZM U THET 2 b0 Lz, TRD (21%, #IRIC X 2HMESORETICE N THLIEANH
JITHIT 5 Z ERAMRET, 2B RO BHZIGESCOICHAET 2 Z kbbb, AFRETIE,
WROHHE) L RO L LS £ 9257 (AR 1oV TS, TRD Dbl /2 AR 2 it L=,

YR DHE T OFE & HE

TADUIHAQEE (HHFE 039-072m) &7 v IH A 488 (A 0.63-0.84m) ZH\\T, AL
RAFHE T A v — T L, Kl PSR S B0t /12 18T OFHI L7z, BlXiEeEic k-
THUTHE N ORKEZHEDE— 7 E Lz, 10 HLUANOME TERE L CiTbivizididzx st
v heL, By MEOHEE) B — 7 E, 1T AR, XX EREBOE AR, KE R EERIE
EHEE I ORKIEIIRE D oTe, By MEOHEE S E— 7 EOVEITE Yy NEERD ZEIT/hEL D,
F130 BITIZT AT I AT S576N (SD=252) , 7H 7 IHATEE 710N (SD=481) &7
Sl IXEFEEEAWEE L IR Ly MRS L RY, 11E & REIIE 30 %ISR 12
[l (SD=82) Lotz

IHIT, FMENTEE BT 2T WMROHEE N 2572910, KRR THIITIT & EN
(Hz) L EHE | (mZ @t & - BRI 217, HitE ) v — 27 fE Fp (N)OHEEZ In Fp= 1.813 In
f+1.905In1+6.265 (R?=0.714) %#157-, EEMOFEFREMEAN (10x30x10m) 12, ETF N AT L1E
EHEZEE LTI IHNA60E (HFEKE 063-084m) Z 1EETHOAMSE, 20 5% ICEINTS
EBREFF O T2, BT A0 AT OB SR 13372 A EE AV CHEE SN =22 & EIFrEoHE
#H e — 7, ¥ 1112N (SD=71.6) ThHh-oT-,

TRD DHARAICOWTDHEER L BipEE

®6mm-0.1m (FEHO K E-EREDOHE) , ®6mm-0.2m, ®6mm-0.3m, ®8mm-0.2m, ®8mm-0.3m D&t
SFEOREZMHL, FEEAMME Bx3x11m) ORIFMHPRIIZES LI-KEOFEK NICK T 25
E—AL F Mp(Nm) ZEIFHOFAMEL VG772, 51T, MpZHERTHEE206N53DODF—RA Y
b (EExy FOBMEE—A N Mg, TEFY FOEITLE—RA L M Ms, BEOKPEEIZ X S HETT
DE—AL N Mw) ZFERHLWVITRBEICED ZNENRDTZ, Me & Ms IEBHHA EE OB LN
L7272y, Mwidddid Lz, 3 20F— A2 F &R LADLETE My OHEEMIL, FERIM & —2 L,



Myl Mg, Ms, Mw THERR SN D LT DN RUTHDL EEZ LT,

Wiz, KAEFAKEIZEBN T, BEOIEM S D WX S 22 T T2 BEOMBEE— A > b Mgy
ZEFHAI L7z, ®6mm-0.2m, ®6mm-0.3m, ®8mm-0.2m, ®8mm-0.3m O 4 D FEIL, Al R
LERRKOBBAETH D 60°IZBAVZERIC, EEMEOBERR L ILD 0.4 mis OYiLiLZ BRI 5%
J725ATHHAET 2 2 0 RSN, 2095 h, BAMICET 2 0/ ha <, MR R LI LT
WEZEZHLIDHDIE O6mm-0.2m DFETH Y, Z ORENFEEEDFEILE DB 52 1T T2BED Mee X 30.4
Nm CTHo7z, ZDOZ Enn, WaIFE M 55.2 N BLEOHERE T 234 9 1E, d6mm-0.2m DJE
ERLB TR CEL Z L2 LTz,
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TR SR D e D FA
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Y A7) OBHRETRHME EERICE S TE Y, RSB L TR T 2R gEERE W EE X bz, TRD
(Npln i jﬁ3@@@fﬁ%@#%@b,_®9E47@ﬁfELW%:%WLT%%KWPDK%Méﬁ
ia Lol WENREOREZE51ET 5729121%, TRD OMEELRASENEE CTH D,

& LITREORRE L ZDORBERODELE

IREROWEADZEE LIFITEIORIEZ RS-0, EEMEOTEBHEMENIC, ©F 40 AT, IEE
0 i, WERAEE LR S A LT O AMSEFEBRZG 10[0{To7, BT A I AT N6HIE
it%ﬁ%ﬁ%,mﬁﬁmﬁHwE%@%®%ﬁ?@émmA&mﬁ%mﬁbhﬁﬁwwmﬁﬁbf
fTohl-2ex EiFx 1ty M Uiz, WAL, EREMNOFE 51 55% (SD = 3.3) IZHRIIDZEE k
&%%%Ltoﬁ%kf?th®$ﬁ0DW\iﬁW&ﬂ PPN KREL o2y, BAIDZEE EiFn
Bﬁﬁus Y% (SD = 2.0) ITIXBAICEE U=, SmUl b Lz b (GEfFE L) 095 35%T,
T2 AR BISECEIN Lo, 13372 AR OB E AL S BEiE EE % ORE TR
ODBA i, fidZ2x EIFHED ODBA IZHE_TRE o7, 22& EIFEE, ODBA, 11iE7- & B EII W
TNHKIBOEELZZ T TN -2 &0 D, KBDMEWFEEHCHIKIZIWTIX, TRD OEROE T %/
T ENRDLDLZ EERLT,

U bD X oz, RBFZETIE, i FICBWTHIFRABHEETH U, - oMEROBLH% I HEFZIZH
ﬁﬁéLEMHRD®ﬁ%%@ﬁbtomh?mﬁwf%%%féﬁ®¢?m,@mmOﬂnwﬁﬁ%%
WENHE LS WY THhs LEXbNT, WRICEBEELT, 5L TRD ORRED D A SR
BT 2 AREMEN B 2 Do, MRS O ERBEOMAENERE Ch 5, MROHEET)IX
KIRIZ K DB A2 T D720, RN SE Y A7 L &8 AT 2 BRI FHCRE S @;owr%+ﬂ
BT DMENSHDH, TRD O RIZHT-->TIE, FRICHMIEHERFIZIBWT TRD OHLY N IZELE D
WEE L 72 5 ATREME S T oD, BREERBR Ak ROIZATV, TRD OZE8), RO, #EY OIS
WTHEHII L7z BT, EE~OELEEDTNEEZZ D,



BI1E Kk

1-1 BEEOEARKOBAHITHO>NT

HAAE, HARCIT7THOMANERL TEY, ZhALFAFHNDL
B Ic»r T TR ML TWwWd, BREITW\ICET DT I T A
Caretta caretta, 7 % @7 I # A Chelonia mydas, % A ~ A
Eretmochelys imbricata, &t X 7 I 77 A Lapidochelys olivacea, & % 7%
A Dermochelys coriacea ® 5 23 kiE L, Z O 5B 7 1w I A,
THAUIHNA, A~ AD 3 MITAROKFETHEIWNT S (Dodd
1988, Karl & Bowen 1999, Uchida et al. 1982) . W ix, AR & o
DYOYNENEMTHD, ARIEFTF NI ENEETCHDLIED, —
Mot E< o8 ELTHHBEISNNTERL, £, LIEFELIX
EHESBR R EOEMo L E LT MDD (VN 2005) , &5
i, FAAORBCAOAIEALBEDOEY A JEKENPE E S
L, D2OTEHREF, &, EALCESEMMBE L THbOIL, HAZE
TeEREEM OB ANKAICITD 7 (Meylan & Donnelly 1999)
— 7, EFmARIHANICHEEREORmD AR TEY, £0
ERENEH OB TN H 2B LMY OO EBRERGICET 2 &0
(Convention on International Trade in Endangered Species of Wild
Fauna and Flora: CITES, @M 7V ¥ v b &K O B ENLCRR#E & h,
EEFE CTommsl 2 LIHAB TS, £, EENZRBE Rk
ERERI CTH D EBE A KRR ES (International Union for Conservation
of Nature and Natural Resources: IUCN) IZB T 2B OB ZE D H
L8 EEMOEDO L vy KUY X b (The IUCN Red List of Threatened
Species) T, E K~ 2 (Datadeficient: DD) Ot 7 % 7 2 H X %
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Br < 6 FE A AR FEICHEE & LT D (IUCN 2018 4 11 H B {E,
Godfrey & Godley 2010, Seminoff & Shanker 2008) ., A%+ T XA & 7 &
UIAAILOWTIE, TR ZEhH 20134 L 2015 FICAERBDO R D
BEBEZEoFMAARSN, THUVIHTADOI>HTHRICHE—O
PE IR Hb A FF o b K OF PR (K B (Resendiz etal. 1998) 2 D\ T X & &
B & (LC: Least concern) & 720, #JkfmifE 7~ b4 /= (IUCN
2018) . ZhiF, TN ETITOLTCELBABEORETH O KR T
LV, EEBOMHMFELEIEOZDIZA KD MK L T Yl 7 ff# I
HziTo TWLS LERNH L LFFMSL TS (IUCN SSC Marine
Turtle Specialist Group 2015) , 72 &, KEWNIZTEB W THK O B £ 11
DHLZEBLIOZDOKEFETIAEROREZAMNLELTEREI L,
MW DI T 5 ORAFICE T 2% (Endangered Species Act:
ESA) T, EABHIITVW I bR OBENDN H HFE (Endangered
species) EFL X Z ORI L L TWAHFE (Threatened species)

ICHEEINTEBY, THUIFTAOLLKREHEMBMAERIZIHEEO B Z N
NdDMICHEE S Twd (U.S. Fish and Wildlife Service 2018 4F
11 A8E)

MREOMMEELBE A LEEERE LT, EIRCHAERITbR 5 R
EHZRE T, #ECHEBERFTORE LFICXLDEINSG O R
TALRLE LA N ZE T 5N T b (Lutcavage et al. 1997) . — ), &
MRFORMZR S FEERICEWYTIE, [BELHOWEF Y, £
TYoammEoBmERICMA, BEICB T O2MENLRMHE (RE) 2
A S CTwbd (PT# & M 2008, FAO 2010, Hawkes et al. 2009,
Lewison et al. 2004, Lewison et al. 2013) . HAEWNIZEB W TIE, Z
NETCRMBMHAEKSHZZEREICLI Y RE-FREFEELNITONA TE 2D,
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REBEEB D>~ cTIH b Twniwn, gido X5, BARR
FREEEOBEBOREEHPLEINSGHT THLLD, BERICBIT
MBOHEUZRESRE2DODLLDDIFEH MBI KD LN TV D,

1-2 BECKTIREBREL ZOFE
B LI, MELCBWTRESZADOAEYSRFM Y A X oMK
EBEOICHE ST S5 & TH D (Halletal. 2000, Davies et al. 2009) .
Frio, R, WU, A, BB, MAER o RMEELY
TEHFMPLOBIHENREVWEZOIC, BRENZNLLOEFERESLARER
~RFIF T BT KX\ (Soykan et al. 2008, Phillips et al. 2016) . =
7z, ZTHOL7eRBICELY, RENBREDODFRICEEBEZREITHAD
oD, BlxAE, MOTHABPNKREFEOLAE LIZEWTIT> TR
BALHE LML, MBEHE, WMEWMLE, MAHRLLOREICLKD
ARRR~ORBELEMIL, BEALAIRBIZESE 1992 K% b
Tam#EFILE R o7 (Fi 1995) . EFEICBVWTS, v 7T
OHEMBIEF KN ICBIT 2T - T LMAIAN 2016 F X v #
XL R o BN H D (FR29FEKEADF) .
GREROFHOFAMHERARICEBRORENR RO 6 2 BRI
BWT, MECBITLRENRKRFEORIYLIIMD TEERBHE L A
> TW2 (J 2008) , A& DBEL~ D F W& WGBS IR BN
SMEE R DB LER >0k, 1970 FRECWEE LAz b
—VIREICBIT 2B ABEDOIRE THY (Shiode & Tokai 2004, Gilman
et al. 2009, FAO 2010) , ¥ f HEFR %% & (Turtle Excluder Device; TED)
PBRE S L7 (NOAA1995) . TED X, MW7V v R&E¥EET D
e THRMPICEBAEEBNICHERT IO T, KESCKMET V7
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http://www.bing.com/search?q=%e9%b0%ad%e8%84%9a%e9%a1%9e&FORM=AWRE

oo R &M T S 4T w S (Mitchell et al. 1995, Epperly
2003) . < AHIEMMETIT, MBREE, Y AH, BAERLIZO
AWERNREBEISND D, TOXNKRFIELZHKRTH D, BEEH I
LTiBEBELIAY, YA VBT o7, HO, KPEME,
WM&, MEBM, MAKEESNE R I (Bull 2007, Melvin et
al.2014) , BIfE CIX MR EE BB IC LV HFRMICH L THEED
MR FEOEANEZEMN T S5 Twvd (WCPFC 2017, 10TC 2012)
P ARICH L TIEERRBESLE AL T TERERI TN, &
At &8 TOEMAIZEE > TWARW (Hart &
Collin 2015) Vi 8 JH 2 % L TiE ¥ — 27 7 » 7 (Watson et al. 2005),
f i o ffi H (Gilman et al. 2006) , & £ © & % (Beverly et al. 2009) ,
H13. 7 4 ¥ A7 A (Shiode et al. 2005, Shiga et al. 2008) % o F ik H3
FERIN, BICRBEOY — 27 L7 v 71220 T I 4o i
ZH ELOOBBEHORBRERZEO THRIAB O 6, HR A H
THH N TWwW5b (Gilman & Huang 2017) . Z ® X 9512, EERH

AR LCONBICB T ABREICRHL CTIE, KB ESTHMEE L E U T
2L DFENREEINTETE, —FHT, hEIZBITD2HEICKL T

T EEREN 4 T (Wang et al. 2013, ff ¥ & B 2008) ,
FECTHEINDBEDZ, HABEI/I-AIVWERbEELEREEREN S
W, BENAEBR~H2I2EEDLREVWEEZEZLLTWVD
(Shester & Micheli 2011) ., %Fi2, MERBIIEINOZDICTHFEICDH

kil 52 &b, RESKFIEOMNLIZIEFTICEEZTD 5,



I3 MERCRBITL2BEAEOREBEX R

NN =RAF v aDphEFTHRESADIAMLMHEEICTIE, &
FELZL OMBBPIBICKE > TEEIRNL TWS (Wallace et al. 2010,
Wallace et al. 2011, Northridge 1991) ., Z®xf®k & L T, ¥# 7 f(c
LED MBI Z 5T 2 HFIERBLIh, MERICERBL XD LR
CMBROREREZKNIHO L ETHIE TCEZ Z LA MEIRLTVD
(Wang et al. 2010, Wang et al. 2013, Ortiz et al. 2016) , <+ ® fl1 (2
b, BTMICEET IR FEROT I LI 2BRIEEHN B RS
W 5 (Peckhametal.2016) , W3 v b 5 A AL I @ ) CTHGE D e
WTWd, 2L~ EVICLI2EBIEEMRE (LR
DY EE MR E 2002, WL 1974) B VW THEAEL TE D,
ZTOXKFHERLELTCHEHMO LMo Z2RYEERE FERNEZEREINT
THhICK ViR OEBE~OKEY LHOEHE ~O AR EAS L, —
HMOBMBIZOWTITRER~DOLBRIRWVWI ERARIEINLTWVD
(DeAlteris & Silva 2008) . L2 L, EEMEIIAET R LT 5L
WEMETHIRICE > TRESRER DD, FICEERZEKRT 5 M
DANBHESA@Y A XICEBL B2 AEENESEINLD, 20K
I, BRINTCRERBFELFEAN L O LT 220 IIC1F, &
ARHERFREHICO N D a2 M E W &, 5k i 8 © 8 EME
RICXEEET IRV L, HEICEEZEZRISRNI ENKRD
b b,

1-4 BEKHEXE Y X T A
EEMEOFPTYL, KKWICAREZEDIAHEE (LT, FHME) M
RKRIFETEDLNL T O2KPIZIED THREINDHEDIZE W TIE, ®A
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L7 EaEOZ IMIcKET EbMmE T CHELELTCETICHIET DA
FEMEN®D THE: W (HEH S 2006, Ishihara et al. 2011, A JE & 2014) ,

INFET, EEMIZBEBWTRERTY I VICLIDI2EEZESEZDICHEM

i

DAY Ak F2&RT D IES (Lehtonen & Suuronen 2004) , &
$EEIC X 5B & 5%k (Fjalling et al. 2006) 2R E N BRI NN, Z
Nk r2BEEORLIPBEZEINL TS, £ T, M FEEMZ
ML LT, BEMORKZY 2N O AML R LN~ BT
SELvomBANRMEENE RSN (ME 2006), 2 % #E (T,
BB THLIRWORIFMIZ, HREAPENLLIBREORE DR (B
Mo ¢2nz2zB o 2Ea2R T b0 THDd, AMELEERIL, MR
~ORRKPEBEDLD EWHHE AT ELEY ELTHFBTCRAEMEE X |
T Lo iTE (L, B2 LT) 220, FExMLUET RG-S
5. BRIZ, TOMWMO—#H 2 EMORABICEAADLE TR T 56
NTEY, BEIZEOHETHHEL TWDH, £, W OMNEKIC
HMLBATONLEEICE, S@EEOERLEDLEIH Y O MM T %S E
MLT, BAOKHBRICAHHAH T IMEMEA2AZALTWVD, HFRAE
MoAN#EEE SO TIEHRS, AN#LEbOZ#MEA~ERLT LI A
BWT, ZnETIEEBMAICERINTETELE RS ERD,
CoWRNRHEEE DR EEMOSMICHEE L TIT - 72 B T

R¥EOWRENEET LT 2T E@MANTANTHET 22 &
E, BBAOMMBBRICITE PBBMHAEL, HMANHBEE»S OREY
DHRHEPFEEISRNI LAMHR S (M 2006) . — 75, H
B R oh)g - K EEM (S5 1964) (2B W TIE, fHE T
oM A LIEEBEPBRIIHEEEE TRLLEYELS Z LITR
HThHos, £ZT, PE-EBCEMEOMAMORIFMEICHEB 2R

-6-



THAMRE L, HRAMMICHEADN HEE 25 LB an s Es X
7 X (Turtle Releasing System: TRS) 2% % = 1 7= (Takahashi et al.
2010, Shiode et al. 2011, Fig.1-1) . W& X, XX ELJFICc kv XHHE
DR ICH > THANLEE X THEEIN, SHICEE LT E2TY
BHAOTHE T2 THD, RIEMOBRICEL2MEOFHFELR
oW T, BMAZHWEAMERSLILGBIECLVERI AL T
% (Shiode et al. 2011, Shiode et al. 2017) . —J, H @ - K@ & &
M OFMEORBELIRIT DR EEMORMELE TR LD, MRE
EHEHOMBANEEELZZOFEFEFEAT LI LEIRETH D, il x
I, AR EEM TITAME TH MO RHAEIZ I 2 B TR B
L, BESMBEICEEESEL WD, KREOEBEMEOS S IXMEE
DRIFMOEYD BN+ Tidel, RAMEEREZESE T D LED
AT 2 W08, MK FcBOWTHEZBESZ LA RNETH D &
THRIND, T, MNEEBEBEMEOGAICEEI N TV, A X XD
bRERMBEAEPAMT2A@MESH L0, HAEASRXKBEOHE - K
EEEEHOmANHEBELHCICERTLOILER D D,

1-5 RAEDOEWH L BE

AW TIE, B -IEKRBEEMEH O AN M EE (Turtle Releasing
Device: TRD) O ZF R L WU Rk OMmET L2 B & L, AOFFEICE
7 % TRD @ BRI, FIE (2006) THFR = L7z /M E &M H o6
B 2 @& lc vy, MR oOBRE N ERENSLRY, WRNE LML
THFT2b0E L, TRDIZE, MiRICE 2K IO ETICE
WTHLERANANDTH LB 22 ERAET, 282 HROBH
BICHESLHICHBE T 2 RNk b D, KBS TIX, &R O
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NEROHA LTI ET 2 (BAEJ) >0V T, TRD @ i@ Y] 72
HEEEZHRIT L, EBIICFOEHAMEIZOWTEEML =,

¢

AL, 28 EICLVMEEINTWVWD, FH2ETIEL, KFANT
MR ERNDFICHERL, MR ETXZ2WVRE T oWl OHIE T %
ML TZEOEMLEWHLNICT D, £, BAITAMEOIZ T &I
KXo TAULHAMENIT K > TilEvk L (Wyneken 1997) , 22 & b K
ChaiE s RE< FE e s, HEHIZHOWVWT I FEM
R T 7201, Ao TR R ECTELZEAEREEE VWS
IRl oV TH AL NITT D,

FHIETIE, MU IT 2L NETHL, TEMEOBEMAN THEX

FFETOMBBROHE N EH LN T DT, F2EICBT D
REFMHALTHEHDOHEXNZHE L, £ LT, & FITEH KSR LKL
EllclBzREEoTEMOTREAEN~AMEIE, FHHAHEE»S
oo IesicElIosEREMERXNEL S L2, TEEWM
NTRE LT 2ITOMBOHENLZHET D,

HAFETIE, TRDOBEOHAEHICHEMN T 28K OE— 2 ho &
EXNZ2HB-ET, BOHEEEEET—A L FOBBEHEL MICL, B
Dt ZRETARBICHEE T 2N 2B T 5, £, mvzx

STRHACERHEAIETHE—A L FPEFFHMUL, L FIC
WTHMEEICHET DIEOMERETE L NIZT S,

BEETIE, F2ETHLMILEKPF TCHBLET ZEOHEA
OHEHE T, FEIETHLN I LEFEBEMEATEE LT 2T WA
OHEHET), HA4FETH LN L TRD O EBHRE DO RME, &5
CHREMFEESCBAOMEHO LA S EZRAMICHEBRFT LN S,
WY ek o TRD 28 £ T 5,



H 6 TIiX, TRD 22Ot G fE N ® I 3 5 /R MHEIC D>V THRE
T5, 22T, MEAOBERICHIHIMIZET A AT H24EE L,
FMEANTCTHEKRES®EDZET, HRICKT HREXNSTEOITEH 2 4E
T2, £, TEMOPTBAEWEICEALLEARE XEY AT 40
TRDICET A B AT %%E%/ L, TRDMETICKET 2 4EW &2 01T H
T 5,

BITETE, PEFAMEANICBST 2RO EE EFITHOFREMELE 2

DEBERIZOWTHANDL, EFEMO LS @i BICB T 5 IRE
HIJ FiEZEOICHBE T 27201203, SREW O IR ER OIT 8 K %
OWTHET LI ERNEETHD, I T, HMEICAMELZHEAR
FAEOITH THY, MEBENLEIXE Y AT AICB T 2RO MEIC
WTHICEEREE LFICERBL, AR VWOEEX LT 2O 250
m, EOLSbLWRERZ EF 2T 200, FLZOROEEH &L
DEITEMMTDZ2ONITODNTHN, KR, A OF K, Bi#KH,
ZTOMOBFEBY B ROITE EDOBEFEIZODVWTHLHLNIZT 5,

DEZRELT, ESREZERNT LR EROLE NS
25 TRDOMHERET H LB, TOFAMERB LI OEARKOH
BRIZCOWTEBZET S, ok, AMHRICEWVWTITo 2 FERIE, T
THRBHERFBLIOEREBGTOBMERZBSOARO L &,
MY EBRBBHAUCKE > TEHSLEZLDTH D,



Turtle releasing system: TRS

- Turtle
Slgplng : releasing
ceili ng net 4.;==='EEEE========== device: TRD

5 S
| eSelets

Fig.1-1 Overview of a set net with submerged bag nets (left) and a turtle
releasing system (right).
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B2E WMBOITIITLELHEEEN

MBS TR TRD 2 Gt 7 272020k, W&o H#HE ) %21
BI04 ER L, Tl - KEEEMEOHAMENICAMELHERIT,
PR ZAT ) 2 &M TERVEWVWOIREMNRRE FICE»N D, LI
Mo T, ZH)LERBETICEVWTHANEHE TCELIHE N L ZOE
BT ILERND DL, RETE, KEANICHBE I T RO
EhHZEFM L, 72, BAITMEOZTEIZEITL-> TAEL D H#HIE
J1&F AL Ci#EK L (Wyneken 1997) , 22 & BB & [ B2 Al Bk
FREL FEE»rED, 22T, @it L T2 IEIE 72 & 0B
RBFPEZEAEEEE T FREZEERIC D THRT,

2-1 MEtE FE
2-1-1 EBRGHELEALEZBAIZOWVWT

2012 4F 7 A 27 H225H 29 HEB L OV 20144 7 A 27 A5 8 A 3
R, ESMFZERBIEANKERGHIIEE 2 — (B KENIE - &
B WX OKEMEFTEAFIIEE ¥ — )VEH LT & ORI K
B (10x10x2.1m) ICBWTEREIT -, 2012 F 12X T 4 U 2
A 68 (B H E:0.48 -0.72m, f#l{& ID: G1 - G6) , 2014 F (T
T AU I N A3 (EHFE:0.39-0.58m, fil{£ ID: G7 - G9) B &
N7 H oI H A48 (HEHFE:0.63-0.84m, fH K ID: L1 - L4) %
i H L7 (Table2-1) . 7 AU I T AT WT b 4 HEGJEIL THiE
SNebo, TAIUVIATAFZT"ERANOEBEMTCREINTL D%

Wi, 73U I HAFREE, 77U I HAFREREEEKIZT, W
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TN ERMLEOK —» ARIICERG T~ AL, M2 LN H
EE LT,

2-1-2 EBROME

FEREEBOME L Fig.2-1 IZ7-7 ., BROE T OKFNRE KM L

HICEHE ST — 2 M s wvwizik i (WIMADA ® ZP-
1000N, #f K fif #: 1000N) %, 3 @E AT O HE 2 S L TH 2mm O X 7
VUV ATA XY —THERTAHAIEICELY, HRAAMKEZIZE LT T
AiELEXSETD2RICELCDIZENDZFL 2, &G OF I H R %
0.064 # (F+W A% 15.6Hz) & LT, ffohnifld T — X LY
7 b v =7 (ZP Recorder, #(RIMADA) ([CH Y A A, EBRIL, K
NEBHBRICEKXKHZ VIE#FIELTWLIHERAZX A N—2NHEEL, E
Nt ER LEVA YWD 7 v 7 2% FOKERICEY 15T
Tol MABOHIENS 7 v s OAEE TICEST 2 RFMIT 10-20 B
Thotc, R EAMEGOWELEOMOY £ ¥ —EKEIZH 50cm T
bV, ERPWHEIIAKE ST LT 22N TERVWRETH -2,
MR ATV LAUALA Y —OKPEEITFHMMIZHL THHIT/hE
KIEHETCXLIREOMETHLY, £/, ERTPOBERITIEE I N TIE
NG ITIA Y —TEINLTEBYEEMETERVWRRE T 22D,
B ET O HME AR ORI OIZIXLEICXL s TAELDL N ERXT
LIz WEEZ, Dk, St ZHBAOHE ) LIS & L L
7=
KRYEOmRIEIENFICROVAFATEZEZL»LHB L FTELE, 20
%, Bl EHE LI RBEATHEY R, FFHIBH %S5 10
SRERB LAZKRATREZEoREITEFICHE D L, 30 4 RER
W HEAENRFIRE T TEFEERLS o, HEDN ST/ E
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X oM EOMEEZFHIT 220, FHHEIBEMG» S — & R MR ® %
Wz, ¥ANN—nEaicins & THlEE G2, B ITEE
ENRL R oA TERKTELLE, KREBRTIE, &4 =00
WME5 222437 %8 0BHB»S 105%, & L<IX300% L
L, ZN T 10 0% FMER, 30 0BMMERLEIESRZ & &L,
I HIT, 2012 FICFE M LIEERO I L, AN XHE % 5 %
TR TE LI 4B O ERZBERPEREFESZ L L LE, FER
O E i B ¥ & Table2-2 2", fIMAE 52224 I v 7%, ERAF
DR O T EZRZNOHRELEL, B, EBRPIIF AN —NHEHIZ
MBOKTEZBEL, WoTbHbiFRIMB TE D LHI1C L,

AT, BREOMBEDITIELET 1IEELZTELS1HE L -,
EBRIP OB OITEEZ X A NXN—NAKFPET A H A F (Panasonicly
HX-WA30) I kW ek L, E7 ARG TR EAEzi KL L,
LB, BMAPNKBELITET IO ORHVEFELEZ2ITOKT LA
ST, HEE DN IONLL Fo 2 EEHICED RN & &L
Too £, 10U TOMMBTHER L TiTbhc —#EO XL/ &% F
EHTlEey hEL, HEy FEEFZfMHLE, £y FNEHOWEA

TR EEF LD TVWIREOESE, TOH%OE v b Ok R
EOMICAERMEEIZIARALN 2T 2 b, BIEEEE2IED T
WOLRH A ZOHDOE Yy hOMKBRERICEH Z5EEBICHOWVWTIEEE
LianwZ & &L,

SPHl s 7o HEE )5, TRDDOEOBRMICEKT 2 ELEZE X605
et Hhe— 7 (Ao FEEE 1R cEANELNLETORKK
fE(N)) , A (FFFHEMN)ICFHFRIBBEE)ZRLCEZLDEZITIEEE

CRE L2 (Ns)) , FiE &R (FHEHE— 27 EMOE
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Ml oW (HZ)) 222 niF X -E/ICRkD, By NxERQLLE
DEFLHMEDOEALL, RO RTEILELOEBIZOWWTHNLE

(Fig.2-2)

2-2 #ER
2-2-1 HEHLFTERETDONRNE—V
TAITAELETHUITALE I, RERBPEIEZFZTEHLTH
#hok KMEIZRKE2H->72 (Fig.2-3) , MUERETIX, 7 v
HAWZHRTT AT ITAOITBNREREE 7o 70,

A E - EORBEE{LOHE LT, ERICAWETA Y I
AT AT ITAZNZENOHREB 2T A4 XOfEEKE O R % Fig.2-
AT, Ly HOMBREMA 120 BLLEELBHEFICELS oz
RN, TAUITATEE 24y 2FH, TADUIHATILAE 13
B 4\ OFER TR EZN (Fig-4£E) , 2y FAUKIET
RTOERRBIZCBOVTEKRB Oy hZEATWE, BAOREES
RESRCELLT, By bE2ERDLIELEHIC, By NRHOHEH Y
—JMEORRKRER/NSL 0, HEHEY -7 HOMERHTH DL
FeEgEBELD Rl RoTWno o,

2-2-2 #HEHAVEY—7E, I, TR ABEEZEOELL
HEHE -7 NIBBLORBELEEEAEEOE L Y MiTBIT 5
W& Fig2-5 L, 7THAUIHTAELET I TALBITKE
mEEIFEHE N E -7 HIZREL, LT, WTFAo P EBHKIZ
BWTbEy b EE2ERDIZEICHIEFINESLS o TSR AL
N, ZoXo kR, WBICEWTbHRKTH- T, T
K IZOWTIE, 7TA I T ATE/PAS2@EAEEERAEESE L,
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FLZ2boBBIIRAR LA LOD, Ty P EERD EEHITKL
AR RN, —FH, THUIHTATIEH-F /NI 055 -
0.65m O FEBHZROMEO T EFABEENBTZF KL N, T
FUIHAOHBAELFAKICE Yy P EFERSD EAEMICKL 72 5
28 HoB iz,

MEOEHELE Yy hNICBIT2HENEY -7 HOFH L 0BG
Z, 1 vy FEH &, FFHIBRBI»L —ERMIRE L ZEICE X A
BoBEBZOE Yy PITH T T Fig.2-61C -7, AEEIC, EREEDHED
Ty PNICBIT 2 FEHMHE L OBEKEZ Fig.2-7 IC7-7, HMEROE
v hOFERIL, WHAES5E XD ECTCoORM (10 4 721X 30 43) TH
TR LE, 1 By PHIZBWT, WMEELICHE DY -7 EEB X
N BEOFHEIEREREKRIZTERESLS o7, £, #HEHE —
JMETIET IO ITAXOET AT IBTAOFENEEMICKERE
o L7lcoicx L, WETIHWMEMTHEZERETRALNLR Lo T,
10 R\ KFIZHEXATERBEZOE Yy NZEBWTIE, 747 I H XA XL
DT BT ITADOFEPEERBICKRERMEE 7R L7, 30 7 &FlK oD
MFEZEZOE Yy PiZBWTIE, #HEHAE—-Z7EBITAHELE BT,
M CEAEDOREILEOMICARERMEEIZRD 53 (p > 0.05)
HEH Y — 27 EIT7F U I H A TIEFEYE 576N (SD =25.2) , 74
7 A A TIEFEY 71.0N (SD =48.1) ThHot=, HEIZ2>WTIiL,
TAUIATATIEI0 % FMER L IZTEIEDS T FY 24.1Ns (SD
9.9) ThHholmDx L, THTIHTATETATINALIZIEFR

FREE D 30Ns it OFE RN A S5 D —F T, 10 7% Bl £ & R -2
o 70Ns U b hhszwekL-BlAEDL RN, 21X & BIKE
WHOoWTIiE, 1ty PEBEE 10O T A UITAITEBWWTDOAHEHA
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RLEHEIEI-2RERELEOMCAERBEENR SN (p<0.05) ,
0 FBICEHmMEEBICHAERMEBEIIRED b2 o7 (Fig.2-8,
p>0.05) .,

2-2-3 By NHNOREEEEHOEL

Ty PRI EEERIBEOELZ EENICET L Fig.2-9,
Fig.2-10 \27 "9, 1 v M H OfkRFFH 2K 9 B & Mz <, fit
DR ELEITERRLIBEMZRT OO, TL&AEDERRIZ
BWT, MEEbICEYy PIZERDLI EEEY PRNOITIE T &R
TR > TWSHRmB™N R bnkt, 747 ITATEHBEBAERORE IITE
HHBEREZFTIRON RN, THIUIATATEHLIEY FEICE
75 0.55 - 0.65m O H EMEROITIE - ERBERBEEICEL Lo, T
AU INTATEZIORERKEOMBEEL —HEEL»BE T, Z oMK
DERBREBIT XTT L1y FHORMKBERF N 200 L EERPo 2K
Iz, TOMELLTCLIEYy PEOBREEZEHENEZL Kotz B
AbNbd, MEEHIZ, Ty "RAOIFELEEHHELEBMAEORE S
EOMICHERMBEERED N2> 7 (p>0.05) ,

1y bEE, HIBOEZOE Yy NITHEIT D, MEOEF R &I
X7 &R BOEMFR%E Fig.2-11 1203, WifE L b, WTFhot v b
BWTbRORETI LYy PAOIEZEHEOMICTITAEER
HEBEEXRON oo, FiIT, 1 By FETEHMEOITLS2E H K
Eholz, MIEEZOE Yy P TIE, 1 By b BICHSTKRIEICHED
L CAREMITE VKRS 7220, 10 4 % HI % 525 CiXF¥ 16.0 [8] (SD

=10.4) , 30 5% MM FEE TITFY 12.0F (SD =8.2) THh » -,
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2-3 EBE
2-3-1 #HEAL—JHEOEL

i H e —IfHoRRMEIEIRELBEERIZERELSARY, WEEH
BT, 7THIUIHARCERTTATIITAOTBRREL kol
IR, BREEERAEKEOEVICESILOTHDL EEZLN D,
Fig2-8 1ty FEIZEWT, AIREOHETIE T I Y I T ALY
LT AUITADOEFRE TR ZEAEHELEHEL T, 22T

IR EOREREREFE Lo ERET D E, LVEWETEZEE
W AHRE LT A VIV AOFNFELUERTLYEIZELVE
L, REREENEEHEIT LI LN TETRLEEZDLN
H., ZOXoie, HEHTORETIICFFFLZTOEELHEEG L TW
HEEZBHID, Haysetal. (2007) 2B W T, MBROTHICES L
T ADAT OB OEREEZ WG L TR OEKITE & o B&K
N RN gV el NN ICOREOERS HFE (ARHEX) TR\ OB
DOREZTZIEZEHBIZIEZOND LD TE oz, R OIKREZ IE
MICHET 2L EIEFICRNE LD, 5% ERDIRF NN E
ThbH, BB, TAUITALTHUITAOERFELKEOBHK

JEFFECTChHhoT D, FRAZKETEZIHRIZELTHH
BRoRERLZENTHEINS (Fig.2-12)

Hed he — 7L, MEEbICEY NEAFERDLI LTS
STWSHmB™ A5 (Fig.2-5) . Thix, HEXXENTITIE
TEMBRVBELTND I BIT, X EFRICELT D oK KMEN DS
Ko TWWK ZEZRLTWD, BEMRIZIEILEHAALN D DI
EBRBEBNPO 30 REE T Thole, T LT, ERHEHERZLD 1 &
y PHIZBWTHKREARMEAE I EHEHNE -7 HOFEEHITRKE WM
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MAR NI L, EFBWBEABLL 30 2R BERICEMEEO KX
SWEr2EB R RS 25T LTS ol
2-3-2 WROWHEHNL TRDOEOHEKIZOWVWT
BAEOKRMAT AU I A A 10 HEZH W THE H 250 L 72 EBRT
X, AT AU I T AOHAME T IX 66.7 - 364.8N, ¥ ¥ 91.0N Th -
WO HENDH D (Wyneken 1997) . Z HiE, SEHFHICER S
2T AT ITAR, WIENS WIS o Tk B OHEME T & FHH L
TEBROEETHDL, T2 TOWEBITHRBENITHERZITX 2R T
XH o7, WMRERD - EONME XY FTH ~IZHED 2 WVEH T E T AR

I
EBREFAKTHDL, AERIZCEWT, 30 0 RBRICT AU I T AL

ha)

T AY

171

AP HE Y — 27T, LERoREITEIT S
Hele ) D /ME (66.7TN) L IFIERF Cholc, 2O b, KE
BRCE M SN EIE, MAROHE L L THIODIIEYTHLD LE
b,

EBRBEBNAS 30 o R BMBEOHEHEY - HIL, TAHUIH AT
X ¥ ¥ 57.6N(SD=25.2), 7 7 7 I H A TILF¥ ¥ 71.0N(SD =48.1)
TdH o7 (Fig.2-6) ., M&IE, WoPF LT LELEHRIHEIFMT
TRD | WD IR G T, XTI, 300 o HIEE
FWKHEZARBLEZBEICEI I PSEBT LI EZIZOND, LT
Bo T, TRDIZ, 2O X5 ICKRPICTHHE LI TH 6 KM AKEL,
BT LME RN NESLS RolcfRTHLHBE T MR EE L
[

2-3-3 SIBOEMLHEEN LY - HLOLE

NHEICH>VWTH, #HEH L -V ELFEKICEY P2ERD L MHIX

INE L o T fH &R L7z (Fig.2-5(%)) . T Huid, d#kE L 72
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Tz RyT @A TERLE L ICERLRHT IR NMEL o
TWL Z¢EERLTWS, £, MEEbIZ1EY FE, BXUOE
BRBAAE 05 10 R MR TR, EFRE OB EOMICA E M E
MAGNTZDOIZX L, 300 RBFATITEOL RERITELAR
o 7= (Fig.2-7) . b2, 1ty PEIZBWT, i HhEe—2fET
7 O ITAXOET AT ITADOFERNEEKWITKRETREEZRL
DXL, DHETHEHEBIZIL2EZFTAo o, THIL, T H

DIHADOFIERLERAEERT A TITADOKFESS THY (Fig.2-
5(F), Fig.2-8(&£)) , ICERFECOHEHNEY —Z7HELT I U I T A
MNT AT ITAORKLESOETH D7 (Fig.2-6(/£)) , £ DOFEHE &
LCLIEORELZICBT D2 IBETAYITRALET I T IHAT
FEEICR-TEE XL BN D (Fig.2-7(£)) .
2-3-4 Yy FPARAOIREEZZEHEOE

ty PROIFTELZETEHIIT, By FEAZERLI L ICHEAL T 2
] Z sk L 7= (Fig.2-9, Fig.2-10) . Z o XX 7= & mix, +2b b2
X EREPHBICEESHBRIDLDLENTEDLLEEZZIONDL . 2O D,
FEBEORFMEANICEB W THEH L TRE LT 21752 LA TE 2RI
R REICEVWE - T EEZxb6hd, FlZ, 1 By FER»L 2
Yy FEAE~OIFTELEERIBZOWOLPPBEETHY, 2 By NEHUBKEOD
B O D ITHBUBSLTh oz, XX R BITIXER ORI
Eo2EWVWEFRELAT, SHICVnTFnoty PZBWTHEAKDKRE
SFEFELEERHBEOMCAERMBEITIROAL RN T, WMELZAED
AR B E o FEEIE, 10 4 BE S TIX Y 16.0 [ (SD =
10.4) , 30 Ay #E W 8 CTIXEY 12.0H (SD=8.2) T& » 7= (Fig.2-
11) AEBREZEM L2 AKEERCENAKRKBEIZCEBNT, /EL L TRD
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Db+ VWb ThHho, LENR- T, FEZEEIEKIZOWT
T30 BB ETHMBOR MBI+ THDL EE XN,
AREIZBWT, BROHBRBMNRIZTE LI TAELLZHEED
Bz 6N L, BBAZKPICHESIELEL A, BAOMER
KRESIZHbLLT 30 4 BECHELEERALN RS 2D &, i
Bo#ENIHHOREB L EBIETIT2Z2 B R"EShi, £,
HEMZITIEEZENRFIEAOARLS R oL BEICEE S LD HEE T IX
BEORESICHEERI NS RD2ZLE2RL, TOBREOMEL R
OFEFEHICHGIC L, MBMRAMECH B I LD I120F, K
CRFEMHEE LA NEE LI RICHRET LIHLESS LY E TRD
ODHRENZNSLKTOMLERDDL, —FH, RELCBTL2MHERLITT
TR ZAKMOKEHICHAELTHELZLLbOTHY, MM THMHBIZ
kB E EF RO >MBROHEE N ICOW TIEBHLMTEI R TV ARV,
WMRITEET LPFICXVEEZM LT RTALER B TCERNWED, M
NTRE ETFZ2ITOBROHEENICOVWTHHEETHILEND 5,
FITEIETHEH, HRCERINWNEZEBEOEEMOPEREMEN T

RE LT ETOmBOHLE T &N,
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Table 2-1 Summary of turtle individuals used in the experiments. SCL,
straight carapace length; SCW, straight carapace width; BW, body weight

Year Species Turtle ID SCL (m) SCW (m) BW (kg)
G1 0.72 0.59 47.6
G2 0.67 0.55 41.3
G3 0.60 0.50 26.5
2012 Green turtle
G4 0.55 0.46 20.8
G5 0.52 0.41 16.0
G6 0.48 0.40 14.4
G7 0.58 0.47 23.6
Green turtle G8 0.54 0.45 21.6
G9 0.39 0.33 8.0
2014 L1 0.84 0.64 75.0
L2 0.74 0.60 57.0
Loggerhead turtle
L3 0.65 0.52 38.5
L4 0.63 0.51 35.7
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Table 2-2 Summary of experiments

Number of experiments

Year Turtle 1D . . 10 min-later 30 min-later
No stimulation . ) . )
stimulation stimulation
Gl 2 - -
G2 - 2 1
G3 - 1 1
2012
G4 1 1 1
G5 1 2 -
G6 - 1 1
G7 - 2 1
G838 - 1 -
G9 - 2 1
2014 L1 - 2 1
L2 - 2 1
L3 - 2 2
L4 - 2 1
Green turtle 4 12 6
Total
Loggerhead turtle 0 8 5
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Tension meter

Pulley

PC
Wire rope

Fig.2-1 Schematic overview of water tank experiment. The sea turtle was
connected to a tension meter with a wire rope through pulley blocks.
Propulsive force generated by flipper beat was measured by the tension
meter and recorded in a PC.
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Fig.2-2 Change in propulsive force (N) (upper) and the enlarged figures (lower). Peak force
value (N), a peak value of the propulsive force generated by a round trip of flipper beat;
impulse (Ns), an integrating value of each measurement value (N) per a measurement interval
(s); flipper beat frequency (Hz), inverse number of the time interval between adjacent point
generating peak force value (s). -24 -
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Fig.2-3 Relationships between straight carapace length and maximum
propulsive force for green turtles and loggerhead turtles. Maximum
propulsive force is the largest value in each individual. Closed circles (e)
indicate green turtle, and open diamonds (<>) indicate loggerhead turtle.
F, propulsive force (N); L, straight carapace length (m).
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Fig.2-4 Examples of change in peak force value generated by each flipper
beat for a loggerhead turtle and a green turtle. Each turtle was of medium

size for each species.

Upper graphs show the results of the touching

stimulation experiments at 10 min after starting. Lower graphs show the
experiments stimulated at 30 min after starting. Closed diamonds (4 )
indicate the value before stimulation, open squares ([J) indicate the value
after 10 min-later stimulation, and open triangles (A ) indicate the value
after 30 min-later stimulation. Circled numbers indicate set numbers.
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Fig.2-5 Change in average of peak force value (upper), impulse (middle),
and flipper beat frequency (lower) in a set for green turtles (left side) and
loggerhead turtles (right side). Each mark shows straight carapace length
class (A, 0.35 - 0.45m; <&, 0.45 — 0.55m; O, 0.55 - 0.65m; o, 0.65 -

0.75m; +, 0.75 - 0.85m).
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Fig.2-6 Relationships between straight carapace length and average of
peak force value for green turtles and loggerhead turtles. The left side
shows the first set, the middle shows the set stimulated at 10 min after
starting, and the right side shows the set induced by touching stimulation
at 30 min after starting.
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Fig.2-7 Relationships between straight carapace length and average of
impulse for green turtles and loggerhead turtles. The left side shows the
first set, the middle shows the set stimulated at 10 min after starting, and
the right side shows the set stimulated at 30 min after starting.

-29.-



(Hz)

o

Average of flipper beat frequency

0

First set

3
%
_ Q.’Q o
o 00
° o
o

15

0.5

0.35 0.45 055 0.65 0.75 0.85

0

10 min-later stimulation

, 30 min-later stimulation

® Green turtle
- ® 15 t <& Loggerhead turtle
o
]
I ) ® S 1r e ©
" O ° LR
$ o 8 05 e ©
L | o o
1 1 1 1 1 0 1 1 1 1 1

0.35 0.45 0.55 0.65 0.75 0.85

Straight carapace length (m)

0.35 0.45 0.55 0.65 0.75 0.85

Fig.2-8 Relationships between straight carapace length and average of
flipper beat frequency for green turtles and loggerhead turtles. The left
side shows the first set, the middle shows the set stimulated at 10 min after
starting, and the right side shows the set stimulated at 30 min after
starting.
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Fig.2-10 Change in cumulative number of flipper beats in a set
respectively for loggerhead turtles.
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Fig.2-11 Relationships between straight carapace length and the
cumulative number of flipper beats in each experiment for green turtles
and loggerhead turtles. The left side shows the first set, the middle shows
the set stimulated at 10 min after starting, and the right side shows the set
stimulated at 30 min after starting.
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Fig.2-12 Relationships between straight carapace length and body weight
for green turtles and loggerhead turtles. These data were obtained from
this study and our unpublished data. Closed circles (®) indicate green
turtle captured in Okinawa prefecture, asterisks (* ) indicate green turtle
captured in Mie prefecture, and open diamonds (<) indicate loggerhead
turtle captured in Mie prefecture. W, body weight (kg); L, straight carapase
length (m).
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3-1 #MEtE G
3-1-1 MR OHEHOIHWEE
B2EICBT2MAOHE HFNERD S L, 20144 7 27 H

N 8 HA3ZHRIKITTLNLET Ay I A48 (EH R 0.63 -
0.84m) Z MWL EROK R ZHMHH Lz, BE K OFEHM % Table3-
LR d, EFBRFIEITE 2EICB T MR OHE T © G £ & F
ToHV, EREEOMEIL Fig.2-108Y TH S,
3-1-2 #EAVEY—JHEOHERDERE

AR TIE, WEEEAEEKLBBOER R LY, #iiEHE — 7@
rHEET OO ORFEADOFEHAEH E L, ERERZZERICAND
AL AN WA, S lICmMIicRKEEsEaE bR WVWESA
DLLFIZRT 4502 HEME LT,

Fp = a1f + b1 (3-1) ,
InFp = azInf + by (3-2) ,
Fp = asf + a4l + b3 (3-3) ,
InFp = asInf + aglnl + ba (3-4) ,
2T, Fepld#dE H B — 7 fE(N), TiX 7 x A (Hz), T EH

EmzZoRT, arn b ag, b1 b b iFEHTHY, BIRDHITH DWW
FERFESFHICEIDZENNERGRE, X (3-1) 5 (3-4) ® 5 H T,
S EVBEERERG AR ERE RRMEI Kb KE WA 4 H#
EAELT@EELL, TLT, HEME ENMEEL BT L2 LI

n, #EEXDOZAEZHRFL -,
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3-1-3 BLELERIHEALLEEA

20144 6 H 23 B 5 24 BB LW 20154 7H 6825 7HIC
—EHERBRICEFR I EEMO BB FHM (30x10x 10m, Fig.3-1)
NIZEWTRERZAIT-> 72, 20144 6 HIZIEZT7TH v I H A 38 (EHF
£:0.84m, 0.74m, 0.63m, fE K ID: C1 -C3), 20154 7 AICiX 7 v
I A A 38 (HHFE:0.82m, 0.69m, 0.67m, & {£ ID: C4 - C6) % {f H
L7 (Table3-2), R ITVWINE —ERNOEEMCREINLTE D
DEH W, HREEEIT, EFROKLIIAMMCEMB SN, EHRoOE
i E TIEAFENICBWTT VE, Y 2N8E, A UVYH, A VHEBRED
A EEX TERE L, EFRETHIIFOCAEAKICR L, FHEOHEE
52N oM 1 AMTHZBE L BICKRLE, R, 2014 4
OWF EFEBRTHWEMEAEK CL, C2, C3 &, F2EICE T DEMER
THWMEE L, L2, L4iFZ2nETNHE—-—OEETH D,
3-1-4 MEEBRICERALEHAKES EEBRFIE

HHROZHRF U ART (EAFX A VM 2R RTEBH) &
MR AN K (~T <24 bW AB300/ AB200) # W T, B
T A H A Z (Sonyll . HDR-AS100V, M 170°, LIk, HH I X F
ERTB) EWES (JFE 7 RANr 7 v 7 #8 DEFI-D20, # |k
TRELPH 0 - 2Mpa (0 -200m FHY)) R OEHFICEEFE L, T8
WMoRMHN»TOwREE AMI T (Fig.3-2), ®EE © & 0 & 3k K
X 1Hz & L7, NAMRABICLI2EDODA ML ADOEEZINY
fr< 72, WITNOFIZBWTHLHRAEL AMIE THroHEDL AL
FTCOBZHFHMEzE T, BUORPHHFHLZIEET 57212, 2013
ESHIHED T WU I WA 48 (HEHK:0.84m, 0.76m, 0.75m,
0.71m, fH#{K& ID: T1-T4) ZH VT FHEREZIT-7-, WHROHH
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WEw J— (VU ML A F 0 i W1000-3MPD3GT) # %5 5%
LTHEFAMICAMSYE, MRAIT222RETFTCHEBD&EOKBE L2
% ODBA (Overall dynamic body acceleration, Wilson et al. 2006) %
ML, MEBLCITODR MR MR oM EZi#EKE Y bE LTl
kv Mg DOYY ODBA ® £k % i <7, Fig.3-3 12, Wikt v k
D F¥% ODBA O AMND 30 MO EZEZ R L, T2 T,
ODBA O Z b Z MHxt W ICFEM - 5 72T, Wikt v Mg o ¥
ODBA %, K EBRIZCK T 2 [F ¥ ODBA O K /NE THRHE L 7= &
RL7, AMEZICKE/NED 15/ 4E1E8 TH > 7~ ODBA X
FFHORBICHEVWNINSLS 2D, AL I0REBEST D&, T
NOBEERIZEBNTHERNMED 16U T TIRE—ELE R, 20D
b, BBIAMEZOHBERENLN ISP THLIBRERD
EL LB Z, KEBRICBIT 28I ERME 150 & L,

Bl B mEICmEaEr @8 LICHEREITTo 2B LR
CEBRBMMGE L, TREAMEZETICK Tm LD 2, B B G
hREAEOREMAEmICEL Ty, HBaEmE L Iice s
fTozeEnTERLDN, ERPEITEAEAMAERICHEE TICWLR, B
BILMEWRZ2ITO 2N TERrole, 0k, 2014 FCTIX RHME%E
W OFRERE L RO L TEBREITV, 2015 4 TIE KA
FoEOBAAER T AERE LT, PREICTRD 2 E L T
FE A2 4T o - (Fig.3-4), FEBREMIL, LETHREICL s THEI N
TWAHTHTIHFAOEKKEHZSBICL TRE L, LTI
BWT, HHFE 81 -89cm @ ik 2l 1K o K K 1x 17 -

(Sakamoto et al. 1990, Sakamoto et al. 1993, Minamikawa et al.
1997, Minamikawa et al. 2000) * WoE@ERNHDH Z 0, T 2
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TILEBREMZ A 200 & L, EHBPIL ROV (Remotely operated
vehicle) THWZH/KRE L, MLEoT =X —CBWTHEADKET %
V7NV B A LTHRLE, BBALZTERICERT DI LIEFIRETH -
N, BREERALEBICE2ZMU LOHEEE R L AN LB L
WMEOFREFNEFE  LLWBEBEBLEZLSAICIE, ERE2ETLTHESHIZA
S b8 A EI L T,

AERIZEBWTIE, B TXRHAMEEZML LT, 2oRIKOIFIEZ
TEMESIbOERET EFE L, BRAVATOBRGNL, B EKM
N CTHEXRSLEE EF 2T 2BROMBOIXIX - X EEK LS
(Fig.3-5), W AT D7 L —A5hL— ]k (30fps) 2256, 1 ZiFe&

T e EEEEE M1 (1/30 x (TF72& 1EICEL =~ )
(Hz)] £ L CH/z, Gon-@3E-EcAEKsEHL-ERAOHEA
R, KEBROFER»GLHEER Y IO LITEY, F
JERENICB T 2RO ITELETILEOHE Y — V7 HEHE L
72

3-2 MR
3-2-1 #¥#EAEY— 7 EOHEER
HEDOFUEBR TCHOATLITE LA EREEHEE N — 7 HD
Btk 2K Z LT Figl3-6 12233, WTFHofEEICEB T, 1TiIEX7
SHBEHELHEEN -7 HEORICABELRHAMEANA LT (p<0.001),
Bl s oy B K OVE Bl e o i o R R, (3-1) X b (3-4) XKoo B HE
A U E R RPE L, £ Eh 0.57, 0.63, 0.65, 0.71 & 72 o
o LMo T, 3T AERLEFEZH YT EE L 572 (3-
AP ERbED R ERN L LTEBEES AL O HEAX(3-4)°
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g Sl N N7

InFp = 1.81Inf + 1.91Inl + 6.26 (3-4)°

(3-4) RIFAEETHDYL (p<0.0001), KAXEHWWTHEHE— 7
Mo EMERDILL A, HEMEEEMMEIMA L L
(Fig.3-7). £» T, ARXzHEH - fHoHEXLE L THWD
kLT,
3-2-2 WREBEMACRBRUIEBRAORIT ALK LEEH Y —
{4

TARTOWRBIIEWT, ERZOTHUBHECRF TR LT,
MW T 22N TERL, ERPICEBNT, MKICEII2KRMHLD D
CHBESHMBANORMEY o —T RN bieZl BN, WHROFR
BOBERZN LK EDHE IR, B HICHERS L2t e
B —7W8lonhdZ tbhhol, WHAITHMA TEKCE
EEEBYEL, ZRIEHEVVIFEZEAEZIETH 0.2-1.5Hz 0 TE
B Lo, MBOMWMERE, XX EEYK, X EFRoHEDHE
— 7 HEORKRKEZT Fig3-8 IZxR-"T, (3-4) Xx2zHWTHEINTL
HEHE— 7 HEOLET, T bbbl EAEROEE RT,
Heife ) v — 7 Ml 1x, #EUKEE TlX 6.3 -408.4N (mean+SD=281.6+58.9
N), Z&& EIFHFTIX 6.5-436.3N (mean+SD=111.2+71.6 N) T®h
o, i, BBEIHAMEOKE 2 WITHEMNILHWELEE
TLHLZIENRDHY, TORICE LT THEI L EEEL X OHE
DRBEFEICHMT 25605 -7,
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HEmofrommE, TR -cAEHRLBREOEREZHN VT, &
Hlominicxt sz & o7 (3-4)° A, #EHe—7 HEoHEXL
LTI, ZOXEZHWTHE LoMIiTENMEE MR 2L,
ARXICEVRIE-EBOME N — 2V EE2HET H LR RY TH
HEFEROLNT, ZOZLnb, BBOERRNEM TH Y, #Alkk

IR ERAEEEHM TN TERIE, BROHE N EZRD
HIZENTEDH EZE LN,

THIATOBRENPLE 2RI ELEICE LEZa~HEi KT 5

LRV AT FTIE AR ERICEDLDZENAIETH D,

EEMEANTEXRTH2BEOIX X XA EZOLEEFEMICHEET S

RN TERL, PEAMATREET BT EITOWBROITE XE0H

O —VEEHELEZLEA, TORKKMBEEIE2EICBT DT D
UDIAAOHE T ORKBELEIFIERBEETCHY, ZoOHEMIX 6.5 -
436 3N IZ kAT, 2O OfE% TRD OFR DA £ 25 ) & g+
HZ kI RSB ATRE/Z2 ) /e TRD #8895 2 & BN TX
HEBZEZBLND,

R TIE, MBBOHENEZHE T D2LDDORTA—=—FD—D2L
LT, Bz EHR2FMMA L, MEAIT, fikE2Eo X 5 ICH
T LKV HEHET)E S T Db (Davenport et al. 1984, Prange 1976,
Seymour 1982, Wyneken 1997), = D 7=, R & & L - HEE %2 £
FTIREEEORBLHMBEOEBEBICOWTY, #HEHE—27HEE2KD
LHEEDONT A= LB/ DB EEZLND (Haysetal 2007), L 2
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BIBAfRICH 22 &N MBI TW5D (Casaleetal. 2017), L7228 - T,
AR TRHREZLEZFTIEETEAERLERFREZHCEXNN, X0 i
THH¥ThHDEBEZD,

M EERICEBNT, BAPPTEEMEOKEBH ST EM2OF LT
HEEW, WRENKS DI LEN s TIHELLERAEELIELS 2D,
et DOWEMARELIRIEARPZI AN, BRRETICE
FoWmRE O T EAEEIT, BRLRELICHEVEAL T IEA N D
D, I LERIZBWTIEZAKBIZEMSIZOoON TIETERZEHNAEI
b 7p < 725 (Hays etal. 2007, Yasuda and Arai 2009) , =D 7= ®,
MATEHE LT 2RO T IS ERO&EE VX, R OFERAKK
DEEVERLTCVDARBEND DL, FEELTEAELENEGVIZEE
HHINLOIHETTTIRESLS D2 E0b, BREEELEHIZIFTEILETHE
WHEAELS Y, ZOFERE EFICENIE, TRD 226 LV iREIC
i x5 EELBZ LD,

TR, MBOTHRARICEH T IMRAICE T, BHESERLE W
Sl AEKRAXOER, BAKRKXNOMY, =X —HEEOHE R
ExATO FEELT, MEEr T —2FMH I TWS (Okuyama et
al. 2009, Yasuda & Arai 2009, Narazaki et al. 2013, Okuyama et al.
2014), S B0, MEEw T —I12EXRKT HMHE, BWE, BSERE

TR EAEEORBGICLAM L TW5S (Yasuda & Arai 2009,
Sato et al. 2003, Sato et al. 2011, Arai et al. 2000, Watanuki et al. 2003) ,
AKMIETIE, BT A AT OB T IX T HEEREL G LD,
MEE e T—Z2HWvwid, Lozl riiBEgczd
AREELFEZLZLNLD, LML, ZThE TCEIMICMEEa T — %235
LTIToNETMETIE, 8IMEIEEWICHToND Z &< H
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MIZEKXKSERZITO 2 EDBAIREB T, —J, KWF%EDO LS I
MBENATEMOBMAN TEKT 2HE, 17— 7 M0l i@l & » 8
fihd Vbbb, MEEa T —PoXIRXLETAEAERERGET 2%
A, BMOEIT M OMEEOEANSFET 2L THET
LFUENZSHLONLDN, BRAPESHICEML S A1, &

TR TONDRET TR ZEOHEHENR /) 4 XL L TMEEIZE I,
MEEOEFERDO A DX IE 2 H K2 EMICEEGT 52 L 2K
Ehb I ND, TNIEEE EFRHEIZOVWTHLRIKTHY, 2
ELEFIWMAENRIFMIIELZHTONRTELDIITEHOLD, 22X
FFEoRE-cBAEkEsMEEOL AL E T 52 & XK #H T
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IR EAEEEZRETILERD 5 ARMEICB Y T, HHI A
TEHEMERAT 22N HEU TholEZDLND,

ARETIE, KRBIZOWTEBZEEE T CHBAOHEh ZHE L -,
WMREINAEHM TCHLIED, KEPKLS BRI EZ X LT —HEES
fe FWHE EMNIC T T 25 (Hochscheid et al. 2004, Lutz et al. 1989,
Southwood ef al. 2003), 72, {EFIMMHE LK 227D @) & 2381 < 72
D, T EEREHLKRS D EE X BN D (Storch e al. 2005),
REBREZAT-ZWHTIZ, BESHATHA»S 91 THEETEBEH
THBENPREEIRD, T 56 5 AR b KIEDK 20°CH] £ T
HV, THAL 8§AIEH»IT TIE22ICHI%ZETCERT S, TORD,
SHICAM LR IT T2 HEEIE, 6 A Tn»r6 7H B
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Mo T, KiEMITFELEHAEBRIIEAITTEZEEIZONTY, FEMIZK
T OBLEND D,

RN TEXRSLREE LT 2T 5RO T T2 EHEEICIE, FR
MKOBmEVRBNDARENS D ENRB I N T, &N Z
B AT LEMBRRROBE RO NLITEH CTH 552X |k
FTERMALELDOTH DD, MNTIHERICHEKL THE LT 21T 9
CEOTELIHMIMBOND, F0, B KB EEBEMEOFMENIX
HARBRE T L IR, AEZMCHENLCRENPODORHIEMCTED
NTEy, MAIZCESTIHEFIIHERRREE CHL, O, TRD
ODEFEE#ED D LT, FMENTHEHRITIVWSREX LT 2B D500,
EDOLbWRETEFEMET LA ENTEDON, X2 O0OBEOIE
HEFI Lol LT 200 a2HET LI LEEETHLI, 2N
FT, BREETICBTL2WMROITHICOWVWTIZZL O RENITD
M T & 7= 2 (Okuyama e al. 2014, Yasuda & Arai 2009, Hays et al. 2004,
Hays et al. 2007, Narazaki et al. 2013), EEMOFMEMAN O L 52 H
AT RICHASSINTERERERE T TOTHEZFEMCHITEED
CREAE L2 BFZEGI T 2w, 22T, AHFEOE TEICE W T,
JBRMEICR T A2 MRaORE EFATHICO VWT, FE 7 HEECE
HEAEELLT, PEIRNZED CEENICHRDL L LT 5,
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Table 3-1 Summary of turtle individuals used in the tank experiments.
SCL, straight carapace length; SCW, straight carapace width; BW, body
weight

Turtle ID SCL (m) SCW (m) BW (kg) esggnr?rirer?:s
L1 0.84 0.64 75.0 3
L2 0.74 0.60 57.0 3
L3 0.65 0.52 38.5 4
L4 0.63 0.51 35.7 3

-45-



Table 3-2 Summary of turtle individuals used in the set net experiments.
SCL, straight carapace length; SCW, straight carapace width; BW, body
weight

Number of

Year Turtle ID SCL (m) SCW (m) BW (kg) experiments

C1 0.84 0.64 75.0 1
2014 C2 0.74 0.60 57.0 1
C3 0.63 0.51 35.7 1
C4 0.82 0.63 71.2 2
2015 C5 0.69 0.55 47.4 2
C6 0.67 0.55 43.0 2
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Box-shaped bag net

Leader net
(submerged, 30 x 10 x 10m)
Bag net Box-shaped bag net
(opened at the surface)  Corridor (submerged)
Float Float
]
m
10m
30m

/ Depth : 33.3m

Fig.3-1 Set net used in the set net experiments in Mie Prefecture. The
upper figure shows a general view of the set net. The experiments were
conducted in the right side of box-shaped submerged bag net (shaded with
gray). The lower figure shows the side view and details of the bag net.
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Corridor side

{ Ship-3

< Ship-2

1
1
' Entrance
1

Fig.3-2 The distribution of the ships during experiments and entrance of
the turtle.
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2014

2015 TRD

.

Fig.3-3 Side view of the box-shaped submerged bag net used in the set net
experiments in 2014 (upper) and 2015 (lower). The bag net was submerged
7m below the sea surface during the experiments. In 2014, experiments
were performed in a standard rectangular bag net without the TRD. On the
other hand, a turtle releasing device (TRD) was attached to the top of
quadrangular pyramid-shaped ceiling net with ropes and cable ties in 2015.

- 49 -



Ratio of average ODBA during

15 mins from entering the net
‘ -

e 41 o ¢ T1
= s % O T2
= *
E 37 e - XT3
o * O O T4
-lc—-» “’ 5 4 -
E 2 O% S o

@ M ; .
£ s0 ¢ ﬁ@% D g%%" Nodts
5 1 F e X o xX© ®O 60 ©°

O 1 1 1 1 I

00:00 05:00 10:00 15:00 20:00 25:00 30:00

Elapsed time from entering the net (mm:ss)

Fig.3-4 Elapsed change of average ODBA values of each swimming set
which were divided by minimum value of that of each experiment. The
time for plots was taken as the start point of each set. Dotted vertical line
indicates 15 minutes from turtles entering the net.
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Fig.3-5 A capture image from the video camera attached onto the
carapace of a turtle. The video captured the fore flippers and the
head of a turtle. Flipper beat frequency was obtained from the
video calculated from the frame-by-frame advance. Frame rate of
the video was 30 Hz.
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Fig.3-6 Relationship between the flipper beat frequency and the peak force
value in the tank experiment for each individual.
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Fig.3-7 Comparison between measured and estimated peak force values.
Dotted line indicates the function that measured peak force value

estimated peak force value.
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Fig.3-8 Changes in swimming depth, flipper beat frequency, and estimated
peak force value during push-up for all set net experiments. f, Flipper beat
frequency; Fp, Peak force value. Marks show flipper beat frequency and
peak force value (o, during swimming; +, during push-up). Thin and thick
lines show the depth during swimming and push-up, respectively. The time

of plots was treated as start of each stroke.
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Fig.3-8(continuation) Changes in swimming depth, flipper Dbeat
frequency, and estimated peak force value during push-up for all set net
experiments. f, Flipper beat frequency; Fp, Peak force value. Marks show
flipper beat frequency and peak force value (o, during swimming; +,
during push-up). Thin and thick lines show the depth during swimming and
push-up, respectively. The time of plots was treated as start of each stroke.
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Fig.3-8(continuation) Changes in swimming depth, flipper Dbeat
frequency, and estimated peak force value during push-up for all set net
experiments. f, Flipper beat frequency; Fp, Peak force value. Marks show
flipper beat frequency and peak force value (o, during swimming; +,
during push-up). Thin and thick lines show the depth during swimming and
push-up, respectively. The time of plots was treated as start of each stroke.
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Fig.3-8(continuation) Changes in swimming depth, flipper beat
frequency, and estimated peak force value during push-up for all set net
experiments. f, Flipper beat frequency; Fp, Peak force value. Marks show
flipper beat frequency and peak force value (o, during swimming; +,
during push-up). Thin and thick lines show the depth during swimming and
push-up, respectively. The time of plots was treated as start of each stroke.
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Fig.3-8(continuation) Changes in swimming depth, flipper beat
frequency, and estimated peak force value during push-up for all set net
experiments. f, Flipper beat frequency; Fp, Peak force value. Marks show
flipper beat frequency and peak force value (o, during swimming; +,
during push-up). Thin and thick lines show the depth during swimming and
push-up, respectively. The time of plots was treated as start of each stroke.
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Fig.4-1 Schematic drawing of the turtle releasing device (TRD). The TRD
consists of a flexible plastic grid as a base (defined as base net), and a
flap door composed of a stainless-steel frame and fine mesh sized net, and
buoys attached on the base net. The buoyancy of buoys attached around
the edge of the base net is 14.7N, whereas the total buoyancy of buoys
around the escape vent was adjusted to weight of the stainless-steel frame.
The base net is provided with an escape vent. “Overlap” is a part of the
stainless-steel frame fixed to the base net by bands. Lower shows an
overview of the flap door. The flap door consists of the parts with or
without fine mesh size net, and overlap part is not covered by a net.
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Base net

Fig.4-2 Schematic diagram of the forces generated in the TRD when the
flap door was opened in € degrees. Flap door is closed by elastic force of
the base net (Fe), restoring force of the base net (Fs), and the weight of
the flap door (W). P is the fulcrum of the doors, and A is one end of the
flap door. lo is length of the overlap. Iw is the distance from P to the center
of gravity of the flap door except for overlap. lw- is the distance from P
to the center of gravity of the overlap. W is the weight of the flap door
except for that of overlap. W’ is the weight of the overlap.
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Fig.4-3 Overview of the measurement of the elastic moment of the base

net (Meg). Left
measurement.

is an upper view, and right
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is a side view of the



Wood stick Foy Tension meter
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Fig.4-4 Overview of the measurement of the restoring moment of the base
net (Ms). Left is an upper view, and right is a side view of the
measurement.
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Stainless
wire rope

Fig.4-5 Overview of the experiment for the measurement of closing force
of the flap door in a static water tank. An experimental box net where the
TRD was attached on the ceiling was set in the tank. The center of the
edge of the flap door was connected to a tension meter with a stainless
wire rope through a pulley block. Buoys were attached around the edge of
the base net.
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Fig.4-6 Overview of the experiment in a flume tank for the measurement
of the closing force of the flap door in water current. Upper shows a
specification of the base net and the flap door used in this experiment.
Lower pictures show side views of measurements. Closing force was
measured by a tension meter through a stainless wire rope in the flow from
the opening side (lower left) and the fulcrum side (lower right).
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Fig.4-7 Relationship between opening angle of the flap door (8) and the
elastic moment of the base net (Mg) calculated with the elastic force
obtained by the measurement. Open triangles (A) indicate the value
when width of overlap was 0.1m, open diamonds (<) indicate 0.2m,
and x-marks (x) indicate 0.3m. A regression line Mg = 0.0660 (R? = 0.99)
was obtained from whole plots.
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Fig.4-8 Relationship between opening angle of the flap door (8) and the
restoring moment of the base net (Ms) obtained by the measurement. Open
triangles (A) indicate the value when width of overlap was
0.1m, open diamonds (¢) indicate 0.2m, and x-marks (x) indicate
0.3m. Regression lines, Ms = 0.130 (R? = 0.99, lo = 0.3m), Ms = 0.096 (R?
=0.98, lo = 0.2m), Ms = 0.070 (R? = 0.98, lo = 0.1m), were obtained for
each width of overlap, respectively.

-77 -



100 - —®8Mmm-0.2m
d8Mm-0.3m
30 | ---06mm-0.1m
......... d6mm-0.2m
- 60 | d6mm-0.3m
<
< 40
2.0
0.0 ' ' | | | |
0 10 2 3 4 50 6
0 (deq)

Fig.4-9 Relationship between opening angle of the flap door (8) and the
closing moment of the flap door by underwater weight of the flap door
(Mw). Solid black line, ®8mm-0.2m flap door; solid gray line, ®8mm-0.3m
flap door; dashed black line, ®6mm-0.1m flap door; dotted black line,
®6mm-0.2m flap door; dashed gray line, ®6mm-0.3m flap door.
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Fig.4-10 Closing moment of the flap door (My) for each flap door. Solid
lines indicate estimated values, and plots indicate measured values.
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Fig.4-11 Closing moment of the flap door in the flow (Mgrg) from the
opening side of each flap door. Flow velocity was set in five levels from

0.1m/s to 0.4m/s with 0.1m/s intervals.
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Fig.4-12 Closing moment of the flap door in the flow (Mry) from the
fulcrum side of each flap door according to flow velocity level.
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WERHETICEBT 2BE OIS ZRAET 272010, BEOZAM»SGE
BEEOBERR CTH D 0.4m/s DN & = -8 A1, & OB
BT L2 KOBMBKMAETHD 60°ETRHEEMLEMEITA Z &2 BEE
L, MELDEmMBOHE h 2k L, ZZ2TiX, HF2ETHRLE
AN TIRERAZITO 2 &< RIFMMHE Lt i@ ofiEhn L,
B3 ®mECTCARLEAMANTEET FTFE2IT O >WROEET D N,
O6mm-0.2m DO FE DO £ A D & T 5% LD IZ 20 TH~T7,
FABE DIz >WTiX, 6 4% CH 72, @6mm-0.2m & 5 23 3 A1l 2> & i

NEeaxFTREEaE0/MEE v,

-82-



5-1 #k & Fik
5-1-1 ABICHEPE L-EAOHES
EMOoOFMEICABLEERANKPICHE L TZHAEEEL

T, B2EOHENFWUERICE T L7 A UVITALT T I TR

171

DHEHE —7E L, TRDOEDNMHEASS &350 R/NEKICD
WTHRHLE, B2RICBWT, KPUCHEEIELT I I T AL
T IATAORINBOITIE I HEDOZEMLEZHLNIZL T,
ZTORR, WML bICKHMOREE & bICHENIZTNE< 2D, 30
SRR LR TCOHE NI, T A I A A(EFEK:0.63-0.84m)
T 71.0N (SD=48.1) , 747 I H A (HHFE:0.39-0.72m)
TYY¥ 576N (SD=25.2) Thot, T bLOEZ, HEIFHMEA
T—ERMEMEREHIRINZEICHEEL I 2HRKERO I TH D EL
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MtL = 71.0 x cosf x 1.1 (7)

Mtg = 57.6 x cosf x 1.1 (8)
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Table 5-1 Proportion of push-up with the propulsive force lager than 55.2N in each set

Proportion of push-upwith the propulsive force larger than 55.2 N (%)

Year Turtle SCL (“The number of push-up with the force larger than 55.2 N’ / “The total number of push-up in each set”)
ID (M) Set
Y1 2 3 4 s s 7T 8 9 10 1 12 13 14 15 16 17 18
o om 857 944 667 800 733 100 100 889 900 833 100 875 882 97.0
' (6/7) (17/18) (46) (4/5) (11/15) (9/9) (4/4) (8/9) (9/10) (5/6) (2/2) (42/48)(15/17)(32/33)
710 714 700 857
2014 C2 - 0.74 (17/24) (5/7) (7/10) (6/7)
e o6 0.00 100 50.0 750 667 100 100
' O11) (al4) (214 (6/8) (203) (12/12) (3/3)
714 100 100
c4 08 (5/7) (11/11) (10/10)
c os 100 100 100 923 100 100 100 90.9 917 87.5
' @272) (11) (1) (12713) (22) (1) (5/5) (10/11)(11/12) (7/8)
s o6 0.00 635 750 733 833 684 824
ot ' (0/1) (40/63) (12/16) (11/15) (20/24) (13/19) (14/17)
s o6 779 714 100 100 90.9 750 833 903 100 100 833 400 92.3
' (28/36) (5/7) (4l4) (1/2) (10/11) (6/8) (5/6) (28/31)(20/20) (3/3) (5/6) (2/5) (24/26)
60.0 100 66.7 50.0
c6 067 3/5) (22) (2/3) (8/16)
s o6 556 583 50.0 556 667 57.1 429 750 50.0 000 667 400 833 500 857 100 90.0 92.3
' (15/27) (7/12) (3/6) (10/18) (2/3) (4/7) (3/7) (6/8) (3/6) (O/1) (4/6) (2I5) (5/6) (1/2) (12/14) (1/1) (9/10) (12/13)

-87-



Flow velocity (m/s)

—— 0.4 —_— My

0.3 Mg
v 0.2
100 ¢
—t— 0.1
80 | o
Z 60 |
c
[<B]
§ 40
p=
20 r
0 1 1 1 1 1 J
0 10 20 30 40 50 60

0 (deg)

Fig.5-1 Closing moment of the ®6mm-0.2m flap door in water current
(MRrg) in the flow from the fulcrum side of the flap door and the opening
moment for loggerhead turtle (MtL) and green turtle (Mtg) when they push
the flap door up with the force obtained in chapter2 when thirty minutes
passed since turtles started staying underwater.
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Fig.5-2 Estimated peak force values in each set of push-ups. Dotted line
indicates 55.2N that is the closing force of the ®6mm-0.2m flap door when
the door receives a current of 0.8 knots from the fulcrum side while
opening in 60 degrees.
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Fig.5-2(continuation) Estimated peak force values in each set of push-
ups. Dotted line indicates 55.2N that is the closing force of the ®6mm-
0.2m flap door when the door receives a current of 0.8 knots from the
fulcrum side while opening in 60 degrees.
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Fig.5-2(continuation) Estimated peak force values in each set of push-
ups. Dotted line indicates 55.2N that is the closing force of the ®6mm-
0.2m flap door when the door receives a current of 0.8 knots from the
fulcrum side while opening in 60 degrees.
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Fig.5-3 Relationship between straight carapace length of loggerhead
turtles and flipper beat frequency which was estimated as minimum value
for turtles to generate 55.2N.
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R L —ichH T2l ERD L, L, M Tk L CTHIT
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6-1-1 WHRICK T HHREXREDOITE O FH

2014 - 6 A &£ 9 A, 20154 7 A, 2016 = 9 H iz, ik ¥+ 5
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6-1-2 TRDICH T HRENZEOITE BE

TRD fHric Bl L 72 oWV S5 m & TRD ~ O #fih o f
HWIZOWTHARA, 2007 6 A6 8 Alc»iF Coit 28 HIHIC,
MR XE AT L2 EAL THRELXITo 72, TRDIZIE, K%
THHY>bOLITRR DL, W LR 72O S L5 Soft-TRD (M H
b O RFEXR) MM L7 (Fig.6-1) . Soft-TRD %, 2m U J7 @ #d #h
RAZHK) 1.5m OUINA B EZBRHEA L L THRD, A Z O Mk O iHE
HZ 10cm REERGDOY, WWICZNENET 40N B E O®R T %
LEFT L TCEREIRETELZA L2 ES5CLTHD, £, &
Li-fazRII+ 2 HM T, Soft-TRD O AP IZH IR DM (3.2 x 5.6 X
8.0m, HA 33mm, LT, M) 25 L, fiMTEHLMETE-
THFx¥EEL, EHFRICT 7 AT =20 17 THREREDERDY
HLAa& Lz, 2k, MRPERRZEOEZEBETCHMEEKN®SLND
ZetFbolen, MMAREHMAEES R ELTTRDOEE XY T 5
BRFITR N2 T2,

6-2 fF R
6-2-1 BRAICHTIHRELSREDOITH

A A ATICM ST T XRTOMT, 7 5W6a L KEET D EE
TABES T, —F, BRI I5EF 7EHOFER TR, 2014
6 HIiZH /3T Seriola dumerili, 2014 4 9 A 2> A 7 U Elagatis
bipinnulata, -f * % 4 Oplegnathus fasciatus, # > /X5, 2016 4 9 H
Z 7 VU Seriolaquinqueradiata, 7 > /X F, 4 X A4 BNBH L 7= (Fig.6-
2) o ZVRE B AR FLOBENTERLTEY, YATV LA T4
FTWIFnbHENLTERSEMBTERLL TWe, BREOREEIX, I~
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NWNFOHRT M, h o XFLT7YT5E, YATYTI6FE, X
A T2HTHHo7z, BHLEZEIZOEMICAT TS A TS Z &
Tholcz s, BHLEZBAZERL THEVAALTERLIE
LOTIE o, BUEDRALNTEEZEZNZENIT DWW T, kM
COBREIRIE Oy A A Fig.6-3 12k Lo, MERERFR] O Rl N b K
ENSTDOEF A RFLETIOHENATHLY, 260 ThH-T2, B~
NFE, B ARNTFOHLTERTLHEETEIV LTI ELEHITERTD
EEOFN, MERBESAEEICE D o772 (Two-sided Mann-Whitney’s
Utest,p<0.05) . A ¥ A OfkfREMIZ 2E &b 58 & EN-o T,
VATV AL VEALAFTHEFAMO LBEH TEBET SN RS AT
W, BN FETVIEFEE ImEZRLE LEAMOFEH»L T E
MIcBWTEBRLE, ZLT, TNLOWEEIRERBENE F I A TIZ
Bto 7oA ORELIZFERKTH - 2,

TRD I RHAMICEEFEIND D, B ET2HAICENRT DML,
WL —Hmicst~BEHN T2 RERDDLIEEZOND, £ 2T,
BRI 0.5m UL Eofkfe LIcw L2 b7 baa® b, oh
sl rrnUsSE LT, FERLEOK TRHRAOEE (LT, &7
WE) AT Fig6-4lZ R LT, A X ALUNDOFEITHT 1L
FREOBREAEDN, R THRETLHEBEICLEALRE., B OB 2K
bEZ Mol AT VIE, RTHREODZLS BN EEH TH - 7,

6-2-2 TRDIZH T HHRBHREDOITH

Rt 44 T O AW A TRD fFiric B L (Fig.6-5) , 9 © 33 Ml 78 i &
G Th o7 (Table6-1) ., S BT, ENFRED 5> 6 17T B
W, B E B = lETk LT W o A TRD O IS il L D AR S B AR
sh7 (Fig.6-6) . HE->TWOIHMHEEHZ LT LS &T 28T
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TR ool b, WEBXFZHEBH X > T 5 W HE 4 B
JFTCHE T DA RMEIRER W EE X LN, IR O B TR E
S5cm X E DM NACEIZIZZ v % A Acanthopagrus schlegelii 3
Pt & »~ & Muraenesox cinereus 2 P23 @4 (R MW ) ~ik 3 2 &+
WHER N, TEHEMAICE, oMz AP F Girella punctata,
¥ ~ Kk 7= X Sphyraena japonica, ~ 7 ¥ Trachurus japonicus 2%
wah, ThbEBEMro@ktLZEEXOHN, WTFhb TRD
WXL THmE EMETICHEXRKTOIRTFIBIEINTZETH - 72,

6-3 &£

ARWFZRIZBWNWT, WTFhOoBbELPEITT 2 LEBLELZ LN
5, TRD ffif i WM Xl R/ Lcg &1 X & %8 T TRD
MHBEN TV ETREN, B\RIZE > THIT 57 TRD 20 6 #4t
T 5 HEEITERWwWEE 2N, —FH, BRICERLLEZED
POL T, VAT VITEKOZI @O EEBHE AL, KTEHWEOD
ZA N EEHCTCHoTTH, MHMRICEML TR T 2 ATREMEN &V
EEZLONT, T, BURFETIVORNLGEROF ERFIZEN
MR, rofffikMbEN-To, TEEMOFEMENITEBWT, 7
VEIIHRBUBEEEXRT 2 LS bTWD (% 1971, NWH S 2018),
LhL, TEMOBMEOBRBEBREIZHECTCHY, KB EBME CIXBE

EA4miFEFoSMicEMEABREINIBA LD, TOD, KE

1l

Bl 0 b IELSBRBINIAMEANICEVWTIE, MMARAICEBEELAND
UHEMNGMB T2 AEEICOVWTEICRHNTILEND 5,

RKIHMIZ Soft-TRD # 3 F L TIT o ERBR TIZ, DFrin
LB GEOBRE N D o7z, T LT, WThoREb IR
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NEWERIChRiELEZboEE2bhE, AEREIT-T-HFEH M
T EATICHRESNAN T, MELCHEROEEL B Z T LRI,
L EICRE A E LB, RFIETEY > TE7% TRD
HBWT, MIROEEBIZOWTIEHEIETHRIEL THEY, ENHAWV
REICARDZZEEBEZICS W, LML, BROEEBIZOW TIER
ELTW2RWZ &b, SBBHATILNE NGLIEEZEZLND, W
TNANDLATDOTRDZHWLHAETH, HMEOFREFZMIZIELT TE
ODffEfFEZEYICREST 22T, S E2REIECHAMHL T 2L
NWEHRETHD, 0B, TRD ZFEBRICEAT HEICIE, £3HME2E
ELTHBEZTHIRELT, BT HBESLEORE, ¥HHE M
HomE, BE~OXBERLEEZBETN+DICHERT 2N EE

LW,
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Table 6-1 Target fishery species observed around the Soft-TRD by time-
lapse camera attached on the inside of the bag net

Swim upward and snout poking Swim horizontally

Fishes

Conger japonicus
Muraenesox cinereus
Zeus faber

Cypselurus hiraii
Chelidonichthys spinosus
Trachurus japonicus
Acanthopagrus schlegelii
Girella punctata

Siganus fuscescens
Sphyraena japonica
Paralichthys olivaceus
Pleuronichthys cornutus
Stephanolepis cirrhifer

Lagocephalus spadiceus

Cephalopods

Sepia esculenta
Loligo edulis

Todarodes pacificus

Crustaceans

Engraulis japonicus
Hyporhamphus sajori
Lateolabrax japonicus
Scombrops boops
Coryphaena hippurus
Elagatis bipinnulata
Seriola dumerili
Seriola quinqueradiata
Lobotes surinamensis
Oplegnathus fasciatus
Scomber australasicus
Aluterus monoceros

Takifugu snyderi

Octopus vulgaris

Octopus ocellatus

Panulirus japonicus
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Escape slit

<— Buoy

Net

Fig.6-1 Overview of the Soft-TRD which consists of nets and buoys.
Turtles can escape from the Soft-TRD by pushing their heads up to the
escape slit and opening it.
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(b) Seriola dumerili an

(@) Seriola dumerili

(c) Elagatis bipin

Fig.6-2 Captured images of behavior of target fishery species following a
sea turtle. (a) Greater amberjack Seriola dumerili; (b) Greater amberjack
Seriola dumerili and Yellowtail Seriola quinqueradiata; (c) Rainbow
runner Elagatis bipinnulata; (d) Parrot fish Oplegnathus fasciatus.
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40

n=9 n=>5 n=16 n=2
~ 30
L)
S
'E 20 1
S
)]
10 ¢ =
T 1 B}
0 I I I
0 . . :
1 —
e 10 r
=
=1 |
5]
O 20 +
30 n=108 n=177 n =240 n=10
Seriola Seriola Elagatis Oplegnathus
dumerili dumerili bipinnulata fasciatus
and
Seriola

quinqueradiata

Species

Fig.6-3 Box-whisker plots of duration (top) and depth (bottom) for fish
following a sea turtle. The top bar is the maximum value, the lower bar
is the minimum value, the top of the box is the upper or third quartile,
the bottom of the box is the lower or first quartile, and the middle bar is
the median value.
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Species

Seriola
dumerili
and
Seriola Seriola _ Elagatis Oplegnathus
dumerili ~ quinqueradiata  bipinnulata fasciatus
A .
5+ X A N
X .
&
g 10 + ¢ A
— A
g A
A
~ 15
20 r
. A Following with ascent
¢ Others
25

Fig.6-4 The depth where each following terminated. A, the following
with ascent by difference at a depth of more than 0.5m; and €, others.
Dashed line indicates depth of 1.34m, the average depth of the TRD during

the experiments.
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Target fishery species Non-target fishery species

Swim upward Swim horizontally

7 - . Labracoglossa
EngraulisjaponicusOplegnathus fasciatusii Mustelus manazo argentiventris

Scomber
australasicus

Stephanolepis
cirrhifer

Chelidonichthys
spinosus

Trachurus —

japonicus Hippocampus

takakurai

thopagrus
schlegelii

Abudefduf:
temfasciatus

Seriola A
quinqueradiata

Terapon theraps

Siganus fuscescens

Fig.6-5 Target fishery species and non-target fishery species observed
around the Soft-TRD by time-lapse camera attached on the inside of the
bag net. There were 33 target fishery species and 11 non-target fishery
species around the Soft-TRD.
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Fig.6-6 Captured images of snout-poking. (a) Black porgy Acanthopagrus
schlegelii; (b) Arabian pike eel Muraenesox cinereus.
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BITE REELETFTHREORKEKLEZORERENR

EEMEO X O 2@ B TP ICEEL TEENLD LD, MEIT
kR AEMOITENICKAFE T 5 (Akiyama & Arimoto 2000, Fujimori et al.
2018) , T o7, WY REREH K FELHET 22O ICE, £Y
DREFOITHHRELZRET LI ENEETH DL, i, 2 BT
X TRD ~0o#E&E LB EITEHZO L DICHE T 5 M) THERITH
Th b,

AT RIZBNT, HREZAKFCEHELTCHESE TV ESEAK
X, MivmRbomEF2IEIETCHELLE LA RS & B 3RFHIX
AHFEARETHDZ ENRENTWD (Lutzetal. 1984, Lutz & Bentley
1985, Berkson 1966) ., L 22 L, @NICHB W TR IZEKXKSLEE LT
X VBEBEEZREBECHEHET S22, EFKFMRITHEERR LI LELI R
D, ERICHEH TCLIRMLROLNLDDEEZEZOND, OO, %
ELhFEIfTo7mE LTS TRD £ TR EVE TRV, & DL TRD
FTCHREDFEVWLLELTYH TRD OREZH LT OND 7% )T
RELFTZATH N TERITINIT, HAIME T LI RN TER
W LMo T, BABIEZEY AT A8 KO TRD % i UJ I B 38 &
LD iE, BRIEITWVWS, EOXOIRLILCEET LTziToTED
BREMKE TCEL200, RELTOBEOEESZEIZTEO LI ITEILT D
DNV T EZ+SICHEHBEL T VLERD D,

FBI3IEICEBWT, FMHNTEKRSEES LT 217 oW AOE FIC
HEINTETAIDATOMBNL, BEWXREZEHNEORIETH 5RO
(X 72 = & % % (Booth 2009, Yasuda & Arai 2009, Wilson & Liebsch
2003) ZWMfF L7, 2L C, AP FEMEO R KB » 5T LT 25
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W, BhEEbICFECETHAEHEAEMNT 8 SE 2B L, BR
BETICBIT 2RO IT I EEIT, BRXF LOBRICHE D T
LAEM N H D Z &2 5 (Hays et al. 2007, Yasuda & Arai 2009) , #
ERoOFREEEHAEEOEMIIT, MBEONER~OKKRKDOEGE &R
LTW2LaER"H L 2 HI3IETRLE, LTI OEHRIZ

ZTOBICHSEETLTFRLEELZEZ D ETREND, AET
X, MBERBRHXEC AT AEZEALLCHAMBEANICE W TR VD%
SLETEHRDODDION, EDOLbWVWERET LT E2MET 52N TED
D, BELTFHFOFEHHEOLl, FTELERAEHEREET LT LD
I >WT, 2ol ELZLEXIERZZOD TCHLMIZT D Z
Ex A E LT,

7-1 MBE Fik
7-1-1 EBRBME

EBRGH & ERTIEIL, H 3 FED 3-1-4 2B 5 LFER LR
ThbH, 200164 7 H & 2016 9 AL, —EHEBEORFEIIHHFR I
EEMEO P EAEMAN (30 x 10 x 10m, Fig.3-1) IZB W THERKR EZ 1T -
oo AEBRTIE, MARHIXEY AT L22BEL, RHIFMEOPRIC
M 72> > TR FMIT 20°, Fi4 5 M 49° 0 & 2 5% iF 72 (Fig.7-1),

wRlE, —EHRANOJOEEMCIRESINTEHEOT WY I T AG

71

58l & & 7= (f#{£ ID: L1-L5, Table 7-1) ., F /s L T, ©
F A A F (SonylH . HDR-AS100V, LL#, I H 4 A F) , MK o
H— (U LA F o i W1000-3MPD3GT/ W380-PD3GT) ,
FE# (JFE 7 KXV 5 v 7 # 8 DEFI-D20) % A W7z (Fig.7-2) . ¥
AT OmMmBErL, Mo R - EAEEZ2ZRELE (3-1-4 2 %

-107 -



) o M E v B — 2 60 35\ o W B, RE, RRBROKIE, iIF
KEERNGFEONTN, 2095 b MKEE L &RBRAKIRO A Z T ICHW
Too WEFNOWEEA OMAMAEEEZ RS L 7c, FHHE BB, s E
% 32Hz, RBOKIE % 1Hz, E 4% 1Hz L Lz, filko =R ¥ o 7
ERERN PR W THMEMESR A - FAEOFT HIZEE L,
M ETH S LT EPEAMEOAMB O ICAMSERL, H 3
BB oMW EERLEFEKIC, PEAEEBAEZ AMEIE TS 15
BB R & LTl s RFMBUICFER 21T 2 5 4K 88 T 17 6%
L, BI SRR ETRICEMNICTEREPXITONTERERZ ERBEBE LT
TREAMAEAKE T ITmETTEFLRE, FEREMRIZN 200 & LR, @
BOWEENE LB LELEASICE, 20023 &1 3 5 611 £ %2 K
TLTMARAEZFEIILZ (Table7-1) . 723k, A O BRI 2 T,
EBRPITFEICH B XA N =NFEL TV,
7-1-2 I kL EK

T, BELTWORBKOIFTE L EEEERE BT EHEE L
oo B2, 5 BPURNOMBTER L Tl —@#EDEE LT %
1w k&L (push-upphase) , 1>y FRNICITbLTZ2E X EiFE K
R EET LR E L, B, ERELPLORNDEE LT %
B D F THamEE BEVKEE (non-escaping phase) , % O B[] & @ 5 b
kIR & LT,
7-1-3 FEEBEOHE

RELTREOENZLEET 272D, MEEOF®RZ MW,
fig Hr iz, ¥ — X fEH Y 7 b v = 7 lgor Pro Version 6.22
( WaveMetrics, Inc., Oregon, USA) B X O Z 0L EME T 5
Ethographer Version 2.04 software (Sakamoto et al. 2009) % H v 7z,
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O MEEIL, EHICHRT D2EBERD D 722D &I EE
E, MBROBETICHKRT & AEKS DL R 2 B BN EE THER S
N %, lgor Pro ® L 3E % GE T & 5 IFDL Version 4 (WaveMetrics, Inc.)
Z AW T, lowpass filter IZ X VAR A 5 2 B0 H L, Joon®EE
mH LS ZE THEBEERKS A MG (Okuyamaetal. 2012) . & 6
2, 3 W OBEMINEE O EEAGF T 52 & T ODBA (overall
dynamic body acceleration, cf. Wilson et al. 2006) %k & 7=, ODBA
FHREOHmETOBLIEZELL, BIEHAEBELHDEOHEE L L THW
b TW5 (Okuyamaetal.2014) , Z 2 CTix, & L &k n
Zhot vy b2 % ODBA 2K ® -,
7-1-4 BEROIXEZEBAEK

RO E - 1FEZ2IIE A 1EEL, ¥R AT OGN
b, PEAMANCEXRSEE LT AT WBROIIELEHEOIT X
SRBEHEMH)ZWMAE L, BREZ&RTLERFMEB D 2R 2T ERE
Mo S (10m) o4y (5m) LIk o §h B Bt 2 v 8 25 @ ke L T %
LS A %@k £ (ascentphase) & U, @i BRI IE X
B DOEE, TOROMEBRDOITENIC DWW T N7z, #H T LR
DIXFEEEHZOEMIE, V7Y O MBRKICBTIAEED
MEIC LT, HEABBEBICHEVWAREICEHNS N2 =, FEICHK
IR =, FERBREADRZNANAZ - O IDTHELE, &
Az, it LR o TIX LT HEERETOEEKZOREE LT RO
BELoBEBEHOMNICT DI, HELETFHEAOERE T LRKICE
FLEFEERAEBEOEICTLD 3ODHEIT, K& LT EMICHE
i EDXRonhrolcHGAa M2 d@EBEICIHPHLT, 0%
DZEE LI RO ODBA # £ H kg L 7,
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7-1-5 BBOITHICEZRBLZEXAZ2EROKRE

WOE VKRR, EHEEE BRI, wEE, X AEKICE
B 52 H58RICOVWTHLNICT A0, N7 Y U5 E2IRE
Ll —IEMEBIRAET VEZH W THN 217 o 72, 8% 07 ¥k R,

HEEEE LR, ODBA, TR RAEREZINENICE L &
L, @k RE RIS ) LU oC ol i lE Tk RE oo ¥ ODBA, & o E H
F, BBKIE O 3 £4%, #EE22 s L FE#, ODBA, X X772 & A&
WXL TR, BRERFH, EAOERE, BBRAKRO 3ZH %5 HE
HE L (Table7-2) o WFHoOMITITEBWNTH, &K ZEED
FELTHoTe, MHICIZ, 7V —Y 7 K~ =7 R (version 3.3.3,

Ny - — ¥ glmmML, R Core Team 2015) % H W 7=,

7-2 MER
7-2-1 MAICKITLIBREOEE LITTH

FBRRERE L, ¥ 19.84% (SD =5.1,n=10) To -7 (Table 7-
D) MERITEREEE ET2BVELL, £BYP OMEROMNEGE,
TIF o & AP %, ODBA D k& b @ — il & Fig.7-3 (2R ¥, 1 # lF
koML, BRIITWINL KR Z &R kE/RIT THY, RO
TEHXR N R oo, BHEKRFHRIX, ¥ 5145 (SD=3.3) T
o7 (n=10, &% K£:8.97%, wM:0.4 7%, Table7-1) , EH K
L HBEWKFEROZETRALON o720, BBRAKENGEY
ODBA N K& WiF &<, RS EE LT 2oz (Table 7-2) , &
L7z E LFixEhZnoERCTFEH 089+ >y M3 (SD=0.47)
Aoh, FEGLEET LTI T 28 E L EEITFES 6.11 (SD =
6.1, n=169, ;x%:44 [, kA : 1) ThH o7 (Table7-1) , FEB
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F, WERITRAMEOBAR OTE SIS 1.9 H (SD = 2.8, n = 10)
BlEL, HHEREZEE LT 21T o/, #feE & bJ EEOL, #E K HE
CPEHRARICEAIEZEBIALONLR DD, BRBRAKEMEWIZ EZ L
72 o7 (Table7-2) . 72k, R 10RO FERD 5> H 3E T, WANK
HMEICH L THMLILL BT LT 2T B ICEREL, TELE21LED
THOK THEYE 274 (SD=1.2) LT 2N AL, KT
%I, WFhbBEELTRE LT 204072,

7-2-2 EEERBOE{ELEEER

MEE e T —DORBEICIVMEET — 2 2 WHETER1o7 2H
D FEH (Trial ID: 5B X 7) k&, HEHEORKIZ OV TILE 8
Bl D EBR & AT x5 & Lz, 22& LIFFED ODBA X, i@ % ifF vk Ff @
ODBA |2 X THEIZ K& (Two-sided paired t test, t = -6.81, df =
7,p<0.001), V¥ 2.2 (SD=0.6) Th » 7=, @ FEIkE O ODBA
X, BBRAKENEWVWIZERE Lo, HEERE & KERER-IC

HBIIA OGN o7 (Table7-2) . — 7, Z2& LRI W TIE,
RE R EICEVWER REL R 2Em AR b7 (Table 7-2) Uk
pL28x EIFREDOE Y DY ODBA ® Z Ak & FE B al Bl 12 8 X 7=
LA, Wk Yy NEOTYE ODBA T W b REMEREIZHE S FH
BEoElER N oDkt L (Fig.7-4, Pearson’s correlation
analysis, p=0.05) , &% LFIcoW T, 8P 7H D ERICE
WT, BRRERBICEWE Yy O FY ODBA 28 A & I2 8+ % 8 1
N R 517 (Fig.7-5, Pearson’s correlation analysis, p < 0.05) , F
ODBA &, FEBBH 26 15 45 # i B (2 (3@ 5 0F vk i o %) 2.5 £%
(SD=1.0,n=7, g K: 441, K/Ph:12F) FTELLE, L2L,
AR DOFERIZENT, RAORERET LT ZHBLTHL Y 12.3 55 #
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(SD =2.0,n=4, lxK:14.6 7%, &/:9.87%) TP ITHE L 2 Hm
NR B (Fig.7-5) o 728, &y MO ¥ ODBA © H & 72 # M
ME SR> 7= FEBBE (Trial ID: 4) 2B W TH, EBRBMH S K
9y MIE%E & LYY ODBA NMT MmN o, O
BT R A L, 11 oREZICITWEILERME LTk Lk,
ZLTHK 37T B ICHEKEZEZE RIF2HFMH L, ODBA I H UM L
7=
7-2-3 EFRBEFORIXILELEAEREE ZO0% OITH

WK R O X 7 & E W X, 2015 4F 7 A TIXE % 0.40 Hz(SD
=0.11,n=523) , 2016 4 9 A TIiX*¥ ¥ 0.48Hz (SD=0.12, n = 336)
THV, BBRAKEINHWIZEEN-> 7= (Table 7-2) . —J7, i
MEBERARICELDIDEEBIIALON LT, BE EITRHIZOWVWTY,
W EE DO M 28 Ao/ (Table 7-2)
EBPICE 3 oE{BF LA RO, 0956 29 B TH EER
ZRELEFICEY, M4RITE EZRICEE BT 27T F GRS
578 LTl R T, kiR LR o3& EEEIE, 0.2-
1.IHz O CTHEICHE M T 5 3% —>» (p<0.05) , 1.1-0.2Hz ® [ T
EEICHY T 582 =2 (p <0.05) , & 5WVITAEERHEMMPEAD R
X H — 2 (p=0.05) 1257 1 5 4L 7= (Pearson’s correlation analysis)
e A X LT EIToT G EEKREZR T ZEAITHIT T,
W LRI I HEREORA Y - oR G2 LI EZ
A, TOEAGICAHABRREWVWS A S L (Chisquare test for goodness
of fit, n = 43, y>=7.5, df =2, p < 0.05, Fig.7-6) ., H#&Ic®x LiF%
Told#gE LB Wi, BEcxAEENAFEICHEHNT 2 4
— UK EE (48.3%, 29 [ H 14 [8]) & H o7 olz kL, #Evk % ki
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FrEAETEZOEAS AR (7.1%, 14 B H 1E) , FE7R N
I 7 B — a5 (64.3%, 14 B H 9E) 2ok, 7
B, BHRICEE LT 2fToc@fm ERICIIECEBAEEIAERI
WD LEEDEFFHIEOATHY, 2056 2EIFTHFERICHEIT D &K
MlogEx EFEAOERE ERFETHo 7, 2% EIFKEO ODBA & K
BB T OMEE HIE (7-1-4) R LEZABBEONEIZE > TEH
e L 2 A, WA AEERSAEE IS L - 8% %o %
T LR ODBA itk X TH EIZT K & < (Tukey-Kramer test, p
<0.01) , WREATAEEBSAEICHD L-EFER EHEOREE BT

O N b /NS o7 (p<0.05 Fig.7-7) .

7-3 EBE
7-3-1 RELTHBAMOWEE DITE

RKEBRICEWT, BRIZEITHRICE T 52 KMEER TOITH
(Shiode et al. 2011) & RIS, U DOEE LT 24D D5 TOMH
TR R HEMNEZKRER T i, LT, EBRBABILFE
¥)5.14 (SD=3.1) THREZ LT ABMLE, 2& LJIX, WaENWE
W ool b LX) E LRI, RAMICES W CTHHE THEH %
WMy e TAELDZITHTHL, WBRITZ, KEXGWIZLERIEX L
FEMB L, 2, KERAEWIFERBFHESCHRENTE BN K
XL B ENFIKTH DY (Lutz et al. 1989, Spotila et al. 1997)
MR L TCHlE FEKKHAPNES o7& 2 bivd (Hochscheid et
al. 2004, Storch et al. 2005) . F 7=, B EKK O ODBA 73 K & W
FERSEE LT 2 MO, WHEOEE L L THWX ODBA & &
FHERBICIE, EoMBN® D Z &5 (Halseyetal. 2011) , ODBA
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MREWEETETIMBHEPERLS, MRKRKP IV ES G- LEHE
X b5 (Okuyamaetal. 2014) ., — 4, R& M KIT EHE KRR
F W Z &2 5 (Hochscheid etal. 2007) , AR (24 W\ Tl KR & 72 fFl (&
F B W ERERSR W E TR I, 8 KRR E RO
RESWLZCLDEBIIRAON G oTc, £, R Z OM OMEEE
MoKy AXLIFTEZERABEBROBICITEOHMENRD 5L TWD
7 (Revelles et al. 2007, Sato et al. 2010) , AEIZB W THF E & 1X
FeEAERCTAERBEBRIEIRO 5T, ODBA ITHOW T H R D
RER oI, ThBHICHODWVWTIX, REICEIT DMK DK A
XDFMENRN o722 LAWZMA, TEAMAN L WO 22 22 H R 28
AL TWwWkragEERrd b,
7-3-2 RELTHMBROMEA DOITH
MRalE, =X AX—a X FZHET 2D EKRKEICA S DR
LEJEZFMMA L TWvWs (Minamikawa et al. 1997, Hays et al. 2004)
ZOH, BARERETIZCBW  CEERSCZ LIC LD WIZE & E
W WL TN 0, FlCE BRI Y T, K@i <
o TR EFETEPaWmicdr < 2% (Hays et al. 2007, Yasuda &
Arai2009) . — 5, AFERBRZzERELZPBHEMEANICE VY TIE, AR
BT ERAMRICHEFG T ERICITIX 2 EBEER D LEoixe 43
HH 7EOBETH-T, SHIZ, ZTOHIbLbTEE ELFITE-> DI
B3EIDOHTHY, TOH>HO 2EIFTERPICKEMNICITONLIZES L
FTOEMOER T L THo7e, KPITHE LKIT DL, MAHEI
fE B o i oK FE I & < 72 5 2% (Hochscheid et al. 2003) , Z h
2B TIEMRNICtHn2mBENRE->THBY, BRREE T & FREOMH
MAROLNRZEEZZIOLND,
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RELTEMOER T ERICIE, BRESE T & KXo 6 m 2 ¥R

rhadl, £, FELETAEEOBMAEMES F ERICITbT-E
S LETROFEHET, TOoMmMoEx EFRHOME I bAHEICKE N
Sofe, RELFTEIHRKKRPIEGEEDLDLELD D THD Z L L
(Shiode et al. 2011) , #HfyF EEZICE X LT 2 T7b T IC#EKE
Mz K PICEZDRELTERERTEZSEG TIE, EfF RO
T RAEHOEMITFIER AR b, TELEHE
W OB Z D #Higw Eix, MAOHFRAKRKROEmEY 2R3 i 1F
EhrEEFE LN D,

WTFNDOEREBEICEWTS, @EEKELDYRE LT RO RFE
¥ ODBA IZ K & o 7o, F 7z, 18K E vk Ff © ODBA IZ 1% R [ #% i 12
EOSEMP RN Do DI LT, 22 b FFIC IR RE
W ODBAMNKELS hsmArRonkc, SRICESRFR LT D
AT bb, RAOEE ETFHICEBRS XHIEEHITRETH - 2
DIZK LT, 1040 ERE L7k E LITFRFICIE, L L LYl
BE2H LTI 2220 BB TCRAFME RSP TEEFLEES
N, ZoZ b, FHOFEEHE L HBIZRE LT L HERELR
n, TR T ERETEELI EEBZxbND, —F T, &
BB A 5 I T 9.8 T ODBA O MBI ICEE L 5840 H -
o, WMBRMNEXES AT L01F, RYORE LT BB THHIE
HAEFELETLI2ETCOMCHRIBETELILDOTHILERD D -
D, M ORET LETND 10 pBRBETHETE LS5 T 500 E
FLW, 2k, KEBRTIX, ERHEKFOEEA O LR E LK —
SHEDLZOIC 15 OB &R EZRTLZS, TATHLREBAMEIC
X288t EASCHBOE MR EoR BN AEL TV iz A
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MEbLE2OND, TDOH, BRIZAMLEZBRIC O W TIX, KE
BRICB T2 REIVBEVH RS LT 2/t 22 &N TE 56
R H D,
7-3-3 MBARHEXBIYATLAORFFICONT

M8aITAMZE I CIClERREE LTFEMB LA 26, W
ik oncHEMomEREELERAIL TR nESZS I b, 20k
H, B LTERKBT L2013, Z<O0OBEFZHBELEZETHL LB
bbb, B LF 2K T 2SI OMBELHEL, £
ABOEBELA MLV AL D2EILRDIMBEOMEEICLD, EHFTHE
RHEITHRRE T CB T 2B AR IV bEI R EBZEZXZOND,
Flo, MMBIINEREY TCHLDLI LD, FHENICEIT 2 EFRRIZ, K
BAENWIFEERS D EE X BN 5 (Lutz et al. 1989)

1y P o®ERES EIFREET, KEDEWIZEZ WHEE
DR, ZHIEAKERNEWIEZERBICLIBREEN DWW
& (Lutzetal.1989) G L TWod2orb Lt n, Z4UbH OdHMm
X, KEMMEWNWZEHBAEOBEICARICIEN T 2 RELH 5 Z &
AR LTWVWS, BELFEMECOARARZEERTFH LY, & v
FERZWIEE, FhdEERER L NITE, BEHADIEETIELS R D
& #% 2 bivd (Shiodeetal. 2011) . L2 L, RAKED 7= DI+ 457
e W2 RBRECERTNIE, BRIXITRDOEEZM LT 522 &0 T
SIS~ T E R,

AT, HFEIFICBWT, IR ETAEELBRAOER E %
HWT, UTFToXRICEVENICET 2R OHE T ZHE L -,

InNFp = 1.81 Inf + 1.91 Inl + 6.26 (3-4)°
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SIT, ERMEREFEORBRAKECENEEEL C, AEIZEIT DK

TR OHEE Y — 7 E A2 FZRERE IS (3-4)7 NI L - THE
ELEZ A, HEMIT, 2015 £ T 1004 N (SD = 65.8, n =
582) , 2016 4= T ¥ ¥ 155.1 N (SD=81.4,n=284) &7 v, 2016 4
OHEEE X, 2015 FOEICH X THEICKE 2> 7% (Two-sided
Student’s t-test, t = -10.59, df = 864, p < 0.001) . W4 TH 7= ¥ &
ODHEHBPREIZIFEFAHKETCH > (2015:0.72 £0.07 m, 2016: 0.72 +
0,02 m) , ZOEWIIKEOEWICERNT 2 IX1E7 & EKEEOME
LD ThorEEXILOND, £, HESEEICEBWT, AN TRD
DR ZMHEEICH LB 272ZOICKERIILE55.2N TH DL LR LIE,
KEIZCBWT, % LT oOHEHE— 27l 55.2N 2 LA - 7= %
A0, 2015 4 Tl 76.1%, 2016 4 Tl 90.5% T H - 7=, Wi 4F O & &
EhZ, RPN HT I OICE S THDL EEZ LR, £ OE
BIEFEAKEOKRTFNEEBICKLS LTINS, AAREZOEEM
BV T, KR ORI BT 20RO AMEEEIXERW
LI Tw s (HH s 2006) , 5 LcEHOMBICENTH X
DHEEZPEEEB T L5010, TRDOIEHE (FEoERASDbEE,
RMMOBAERE) 2Z2ETLH2RELTCHENZHGHG T LOI2LENH D
AU b BRMEZEI AT L0HEAIZEW T,
KET H2WHRORETIICME T, KEFORELIT OEREESMHIC
WTHL+RIEBERETHILENRD D Z LN R Iz, IREH S
EMOITEREZRBRE F TR AT AREONRIIL, RN RE
VAT ADOHFRFGFORGLSLT, HEERRESKTFTEORBEICHLHEERT
b0 EEZ LD,
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Table 7-1 Summary of experiments and turtle individuals. SCL, straight carapace length; SCW, straight
carapace width; BW, body weight; a, trials which did not obtain the acceleration data

Duration of

The number

voamonn S SC SN BTy of pusap OB
ID (°C) . . phase
(m) (m) (kg) trial (min) phase
15-Jul L1 0.82 0.63 71.2 1 19.9 £ 0.09 13.7 8 9.5+4.4
2 19.8 £ 0.16 22.9 11 6.4 +4.9
L2 0.69 0.55 47.4 3 19.9 £ 0.16 18.1 8 7.4 +6.4
4 19.9 £ 0.06 16.6 21 11.7 £ 12.1
L3 0.67 0.55 43 52 19.9 £ 0.09 31.8 5 3.5+ 3.8
6 19.9 £ 0.08 20.9 29 5.9+4.0
16-Sep L4 0.74 0.60 61.2 72 24.9 £ 0.14 16.7 13 4.5 % 3.2
8 25.0 = 0.33 17.1 17 4.0 + 4.6
L5 0.70 0.57 51.2 9 25.0 £ 0.08 22.1 32 2.9+ 2.5
10 25.1 + 0.13 18.2 25 5.8 4.6
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Table 7-2 Results of generalized linear mixed model (GLMM)

Dependent variable Fixed effect n coefficient SE z p
The duration of the Ave. ODBA 10 1.24 0.24 -8.31 < 0.001

non-escaping phase SCL 10 -0.03 0.67 -0.04 0.96
Temperature 10 -3.20 0.39 5.22 <0.001

The number of push- Elapsed time 159 0.00 0.00 -0.97 0.33

ups in a phase SCL 159 0.00 0.02 0.28 0.77
Temperature 159 -0.09 0.03 -2.65 < 0.005

ODBA Elapsed time 2039 0.00 0.00 1.48 0.14

(non-escaping phase) SCL 2039 -0.01 0.01 -0.52 0.6
Temperature 2039 0.11 0.02 4.8 <0.0001
ODBA Elapsed time 2717 0.03 0.03 5.51 < 0.0001

(push-up phase) SCL 2717 0.00 0.00 0.92 0.35
Temperature 2717 0.16 0.06 2.53 < 0.05

FBF Elapsed time 859 0.00 0.00 0.36 0.72

(non-escaping phase) SCL 859 0.00 0.01 0.34 0.73
Temperature 859 0.03 0.02 1.75 < 0.05

FBF Elapsed time 865 0.00 0.00 0.51 0.61

(push-up phase) SCL 865 0.00 0.01 0.41 0.68
Temperature 865 0.04 0.02 2.42 < 0.05
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Fig.7-1 Overview of the submerged mid-water bag net used in the
experimental trials. The ceiling net was manipulated into a pyramid shape
for the turtle releasing system. The turtle releasing device (TRD) was not
attached in this simulation experiment.
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Fig.7-2 Instruments attached onto the carapace of a turtle.
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Fig.7-3 Typical profiles of the depth of a turtle, flipper beat frequency
(FBF), and overall dynamic body acceleration (ODBA) during swimming
and push-ups (Trial 9). Marks show FBF (O, during swimming; +, during
push-ups). Lines show depth and ODBA. Red indicates push-ups. The time
for plots of FBF was taken as the start point of each stroke.
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Fig.7-4 Changes in average overall dynamic body acceleration (ODBA) in
each sequence of swimming. The numbers in parentheses indicate the trial
ID. The time of each phase (<) was taken as the start of each sequence.
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Fig.7-5 Changes in average overall dynamic body acceleration (ODBA) in
each push-up phase. The numbers in parentheses indicate the trial ID. The
time of each phase (<) was taken as the start of the first push-up of each
phase. The dashed line indicates the average ODBA in the non-escaping
phase for each experimental trial. * indicates experimental trials with an
ODBA which significantly increased with increasing time; | indicates
the point at which the average ODBA started to decrease.
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Fig.7-6 The proportion of different patterns of change in flipper beat
frequency (FBF) during ascent phases. The horizontal axis indicates the

actions of the turtles just after the ascent phases.

White depicts a

significant decrease in FBF during ascent phases, horizontal stripes depict
no significant change, and black depict a significant increase.
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Fig.7-7 Difference of average overall dynamic body acceleration (ODBA)
during the push-up phases between four groups: the three groups
distinguished according to their pattern of changes in FBF during the
ascent phase before the push-up phase using a Pearson’s correlation
analysis and the fourth group without an ascent phase just before the push-
up phase. Vertical bars indicate standard deviation.

- 126 -



B 8E MG

AR TIE, AR ORELFHABRBEOER LW LT 2
O, mALAEMTHLIMREOTE - KEEEEMICE T DIRMEC
EBEST 570 0%ETH S TRD OB ¥ 21T > 7=, TRD IZ1E, i1
TEBWTEMSBAEAEMNZZ T TV AI2RBICBENTHHEANE /I T
FLBTDZENARET, B>, BESEENGRHE LAV D
CHETHEHT 2 Z AR BND, AWFZE TiX, TRD @ & jE 722 i+
HEzRET L2222 EL, BBOHENLEOMRE LD ZRE
NEFHEMICHARNTZ, S5, L L7 TRD 20 5 O A xt S/ o i i
DAREEL, REINTCHAOCITERMELZOEEERIZHOWVWTD
EE A L D

BEOIIX-ELHENIZONVT

g KECTEM@OMMEBICRE SN WERIZ, B HICERZAT
I EMTERNE W) ARBEE T LITRR MmO TRAELRRRIC
Ehrhd, £, EEOEBEBMEICBNT, HAISFHEICAMT 24
A I T EHEATHY, TRDZEE LZP)E - KEEEMICHE AL
RS, NI OMER D EORERREAZE L TH»S TRD I F
ETODMNIEENPTEARAY, BAICEs T, 300U ELEEVIERD
FERHBOBENPOFEFICREVWHERARE LEERBICHEST LI LB
E2obiDd, LIehoT, MBETHIFEICHEIELZOIICIE, TRD
IAWEP L HLBEEOREMIER T FICAKRPICHE LT, 2&
FT2NhDPHEL oA TEMLETZ2Z LD TE SR TH 2 4
ERHL, 22 TET, KT B EBBaEOHE N 25 L

-127 -



ZOEMZFEMICH T, FEPREWIEERMET D2HES O KK
ElErEREWHEHBEAAEONEZ, £/, —HoERFELEZFTEEZETHD
Ty hEERDLI LIy PROTIEZERIEITRE A L, #HEH L
FEZERAEHR L NS RoT0E, KPFIZHEIEHBD T DL 30
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T2 2 RETHD, PHE-EBEEMEOFMAN TR L
FTEZTS5T7T A UVIATAOHENZRET L0, T HEEK
CBOERPEZH W T A I AT AOHE N ZHET 52X %2 G
Lz, ZLC, WECHBEINEZETEMOTEHAMENICAMEI L
MERICESELLEER D AT OB LA O T 72 & 8K &E IS
L, NTEE L2 72@ROII-EAE K EBBRAOETFE
Honw<TixiEkcss (B2 LdE) OfENDEZHE L, KEFERO
R HHEER In Fp=1.813 Inf + 1.905 In | + 6.265 (R2 = 0.714)
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