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Ecological, Behavioral, and Physiological Evidence of the Hawksbill
Turtle Reproduction in Captivity

Masato KOBAY ASHI

Abstract : The hawksbill turtle Eretmochelys imbricata is a species of sea turtle belong-
ing to the family of Cheloniidae. They inhabit throughout tropical and subtropical coral reef
regions of the world. In Japan, this species is seen in areas south from the Izu Peninsula on
the Pacific side and Noto Peninsula on the Japan Sea side, while the northern limit of nest-
ing occurs in the Nansel Islands. Hawksbill turtles have been captured not only as a source
of protein but also as raw materials for ornaments. because their carapace scutes are richly
colored and their aesthetic beauty. Their populations have decreased worldwide in recent
year, and the hawksbill turtle has been listed as Critically Endangered. Also. the capture of
sea turtles and their eggs is restricted to protect them in many countries around the world.
and the international trade of sea turtles is prohibited entirely by CITES (Convention on In-
ternational Trade in Endangered Species of Wild Fauna and Flora).

Research Center for Subtropical Fisheries, Seikai National Fisheries Research Institute.
Fisheries Research Agency has been studying the propagation of the hawksbill turtle for
the recovery of the stock by “"head-starting” since 1999. The development of the captive
breeding technology is essential to recover the stock of this species by head-starting, and
therefore it is important to elucidate reproductive biology of hawksbill turtles. In this study.
I tried to elucidate the reproductive ecology and physiology of the hawksbill turtle in captiv-
ity.

In the first chapter. I investigated plasma testosterone concentrations of 14 male hawksbill
turtles held 1n captivity to determine the sexual maturity of them. I also tried to determine
male sexual maturity based on the indices of morphological characteristics. which were the
straight carapace length (SCL), tail length (TL) and the ratio of TL to SCL (TE. tail elonga-
tion). As a result, plasma testosterone concentrations of mature males gradually increased
during the pre-mating season, and then they sharply declined to low levels in the mating
season and remained low thereafter. In contrast, the concentrations of immature males re-
mained low throughout the year. Furthermore. I found that sexual maturity of male hawks-
bill turtles could be estimated by their TE; mature individuals showed the TE of 0.35 or
above while immature ones exhibited the indices of 0.33 or less.

In the second chapter. I investigated plasma estoradiol-17 f concentrations and follicle in
the ovary of 11 female hawksbill turtles held in captivity to elucidate the relationship be-
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tween seasonal change of plasma estoradiol-17 f concentrations and the development of fol-

licles. As a result, whenever plasma testosterone concentrations of mature females increased

before the mating season, their follicles developed. In contrast, the concentrations of imma-

ture females remained low throughout the year, and their follicles did not develop. Repro-

ductive cycle of mature females is two or three years the same as wild hawksbill turtles.

However, follicles of one female developed annually in the breeding season. suggesting that

female hawksbill turtles have the ability to mature annually.

In the third chapter, I investigated the mating and nesting hehavior, clutch size, number

of clutches and hatching rate to reveal the reproductive ecology of captive hawksbill caught

from the wild. I used a video camera system to determine the date and time of mating and

nesting. Mean mating duration ranged from 50 to 150 minutes, and the period from mating

to the 1st nesting was 29.6 =

between 2006 and 2009. Mean clutch size and number of clutches were 135.9

3.4 days. As for nesting, 4 females nested a total of 16 times

+ 25.2 eggs

and 3.5 = 0.7 clutches. respectively. These results closely correlated with data from wild

populations. Hatching rate of captive eggs was markedly lower compared to wild eggs. How-

ever. the straight carapace length and body weight of hatchlings in captivity were compa-

rable to the wild ones.

Finally, I was able to clarify the reproductive ecology and physiology of the hawksbill

turtle in captivity. The achievement of this study makes a huge step forward for the abil-

ity to produce significant number of juveniles for stock enhancement and aquaculture of the

hawksbill turtle. To further stock enhancement and aquaculture of them. there is an urgent

need to promote studies on improving the level of the hatching rate of the hawksbill turtle

in captivity.
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KW EDORN BRI TH D ¥ 1< A Eretmochelys
imbricata ¥, 7 I HWABIIIETAH Y I F AHHD 1
MTHHe 7 IH ADMFFRIEISEIS L2 R T
by, BIRoy I XA HoMLEBEF1H1ITH

*m@ﬂIm I%Lf<®mmmmnmﬁm
AR O A AENGAEL B, F OB 2

D A AL, WG I AR 6H (7
F 7 A A Chelonia mydas., 7 5177 3 H X Caretta
caretta. v ¥ 7 A7 XA X Lepidochelys kempii.

A=A, LAY IH AL olivacea, © T YT II
A Natator depressus) &4 FH AF 1R (7 2
Dermochelys coriacea) O 7FED ™ I F ABLAE LT
W5 (Spotila, 2004). 7 I AR 6L wTRY
R Rl A N TRV o S BN ] Rl 3 SRR | A
CHE DN TWSE, FORE I, MlZL->THg
HHD0, FEHD~124 cm, FHE36~204 kg Th 5,

=75, A AROF A ARG R,
TN OD L CHbLIL, 2OXKE 3T
F132~178 cm, f&KI250~907 kg L BWAET L7 3 #
AHOPTERD KENHETH S (Spotila, 2004)

7 XA A O A QAFEIE BT A S IR DM T H 5
W, T YT AT IFAORKIEIAF I aBEIZ, v
T I ANEA AT ) TATOU R
BT B, 2, A A AEEAT D S MR F
W HZ EAMS5ILTW A (Spotila, 2004). 7 3 %
ABOENNI S TITb I, IBIEE R o B
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AEE ZNB. BN B L FOHBIZH T A5
L. EIREASBEWIRT, MiRL TH, ISR ED
T, FOHLIES TP A OE B AR E%
I bhoTunwIths, ZoMil% [The lost
years| EFRL Tuvv A, B L 7z BRI 2 AR 2 5
LRI RE L CRed 5. KMHE T L7z
WHORAEIZR LA, WEFoddic sy, B
T FOBMME THEMOMIP LMY R -, B
MR RBE T A, 7 I AL, H Sy s
O—2L LTARIAENE LT, FoHESPEY
AV TEEROREE LTHIERZHTHIHENTE
oo Lar L. Gl METOWRE EINLTH L
O O A 2 ARBERIOBKISE 53, 7
I ABHOMAEEIEWA L Twb (Lutcavage et al.,
1997). €787 I 7 AR I AT EEE
ok 350 ¢ (International Union for Conservation
of Nature and Natural Resources. ELF, TUCN &Ik
) OfEOBENOSH L L v FY A (The IUCN
Red List of Threatened Species, LI, Ly FU X
EWET) ISR E N T WS, T I AFOEN T &
MTZ—)f 0, ff(ﬁ)l'l 7 IAARLEOIN RN S
EEMLCHIREN T WS, T/, 8 I —Lid
BT 37 AP OB, < 7 aILRRIE S
T%JMVﬁﬂfﬁhﬁé_tu;%W:ﬁxmw
R UK S 2 P9 (Lutcavage et al., 1997 © B
WL 2008) A EpMibhilTwh, 512, HMo
BEND D B W EE R OREO EIFRIG NS 5 44
(Convention on International Trade in Endangered
Species of Wild Fauna and Flora. LL'F, CITES &
i59) (ZBWT, 7 3 A eMIEMERS T (Appendix
[) (e S AT, IRy 2 rg o Hnjanujhw/‘mmj
(2 IJ; ENh T3 (Pritchard, 1997). —77. h
FRIYIZ Y 3 AFD G % Hwéﬁ%h*&Lc EN
LT 7 2 % 5 2 EONIN (BH»sBE) 6F
ST THER LI IRIEEIINE T 5, whwb
Head-Starting (LLF, ~y FA¥—F 41 » 7 &RlT)
D, TAITITA, T ATIHNA LTS
T A LN TE/ (Bell and Parsons, 2002, Sato
and Madriasau. 2001 : Fontaine and Shaver, 2005 :
EAEL, K. 2006), FOREE S A4 TIEE
BELE N T whs, T I AR Tr 7T Ay
A AT L 7B R AT, U C el L 72 35605350
n\ﬂitbfkh «/kzy =T A YT ONRED
— AR 2 I S o T (Bell and Parsons,
2002 ; Fontame and Shaver, 2005)
HARMEZIZINETF T IH A, TAHIIFTA, ¥
1<4D 3@#;}411 L, #HH A, AT IH A0S

fi bIEFE S LT % (Uchida and Nishiwaki, 1982),
CDIBETATITA, ThHIIFNABLIY L=
D 3T HA R TINT % (Uchida and Nishiwaki.
1982 © Kamezaki, 1989). H 7[‘ BT A3IHMoOFEL
FEIR ML, 7oA I ALITRE, R EE (RAB,
WENKE) B I UG ﬁ’{'f.'i T AT XA ALE IR
POMEER T TORTERE ¥4 <4 3MHETH
B CREFE AN B AR & IR 2. 1998), HAT
L3I A Xﬁ‘FEBIJTéiLMc IBVWTE, B rsEFo
WRIMIE R 7 e LTRN s, T3
MOEEE L TH AT % 7o GRS 3 474 ‘IH
WzEts 199 Lol w3 AL EO WS
EWELTEZLONT WP/, IR R
FHEA 7 (L IR R R B R E O i3 T
Wiz, L L, WAHARIIBITS 7 37 AT
1’1%’/)?1"}‘%& DU S (L IIE A H Ak R
RAVES 1998) 3 H AR DI O LA IR
121.‘.ﬂf<()' RS THIR S L Tw b, L
L. 'l’l’f?rél*l@@ 3 ﬁ){3@;'@1;]5@5;(-\]-3}3@.4,,/«‘ EEN
FRTHED IS EOEA TV R VEE S Tw5
(Spotila, 2004). F72, OXREFMNIIBIT DA~y FA ¥
=T AT E LT I AMOE RIS A
Wroely, BEAETORL TR VOB TH L (L
T, 57K, 2006) 0
HARTEIBTLTIFAIHENI L, #4< 414
ITUCNOL Y FURARMTTATIHFTARTH Y I H A
i0%1w7/7”hwﬁhcw%oHA IBITAHK
ﬁ@ FESN LI P VUG B L BRE S AL, SRR o BEIR A D
iz Ay (Kamezaki, 1989 ¢ #1[ ik A A<k e %
J‘ﬁiiﬁ‘bﬁ; . 1998) 0 HHEVIWRT A AT Y 3 4 A

WFEE DT, BT > TOAATHBDEINMHETIE, K
M@¢P@ﬁ%%%uﬁﬁﬁ@c% e IR A A3

MENB VL H L, RO EITE I Fofik)2E
L, FMuL ) QIERNH D700, TN 0
TIREWTHHEINTE L, Ll FOoZ &
PATOTIEZ 72 L5 X T % (Pritchard.
1997). F7z, OFRD_oHITORE L L Cilgstne
5 }\gz: CARMORBERIHAL-Z L MER ST
% (Canin, 1991 : Steiner. 2001), —J5. CITESIZ &
STARBOMADE SN2 EILY,. HEDNS
WPESE R OBRGES AT RE L 22 0. F BRI
MLTWbd, TO2H, ERNIZBIT S5 A< 1 HEhHX
Wy 4 <4 2T 2 2 800 & 5 EE ORI
SNTwb,
CDEH B EEERE LT, 19999 5 MTATH
KR TIETE o 7 — Wi X R W92 0 0 1 5
A ORI R RTE A B AR B e 2o DT, 29
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T ENET) ldANy FA S —F 4 v Xl BERMGE
WoNEE Qi L, WM oIS MG L2 (i
B, 3K 2006)0 Ny RAY —=F 4 75479 72
DL, BEMBAT T A DRI R TH Y, £
D 72D R IE NI IN 2 15 5 RIS O B SE A3 0 5
Thbo FMIT L, BWEMNKDIFEIN L 7200 2 B9
@' B RKIKRGY & il H 400 T TRk L 7= fikis UIJ =
HBNTIRMH D, Lk L7 X S I2H AR %
KQWHWM% LEIEII LR S ,%%%
AT EERMTH - F T SRR T
VIR B G SR % R R B R e &
£ <A DMMERIEL, s AR CIER L,
Bk U 7o MEME 2 502k U TS 5 2 & & L. A
THRINC & o TREMITINE B D 721213, RO
Gl A R B AL BN A D P N TSR DI I FE AR
WRTH L. 7 3 AFOVERGEAA LR W20 b
BNZR4 AR EZ L <, R TIEM O RS 1 2
i 'lé68~80cm THHEREINTHED, ML
DOTIEER D AT 4 X b bro Tuniwy (Ma
rquez. 1990) YOI AR ORI S RS
’)b‘f. WETIEANPIZEOZ (LI R S was, T
LBOME, WO IROIEE, IEPNEEoWAL 2 &
ODJIZF&EZETLi?‘/L 5 (Limpus, 1992 : Owens, 1997 :
Spotila, 2004), AFETEHFEOMIEDE SIZL » T
PR EZ RN TE D 2 RE XN TS (Limpus,
1992 ; van Dam and Diez. 1998). 7 3 " A ¥ o #
IR AT ENE W4 (Frazier, 1971 :
Booth and Peters, 1972 : Limpus and Reed, 1985) <°
fil 75 41 (Simon et al., 1975 : Ulrich and Parkes,
1978 © Wood and Wood, 1980) OERZRHBI S S
TH Y, Booth and Peters (1972) (&, WATF 3

G HE I DT

HADLRITI O TN BIZE R A2 L T, &
MDZERBATENIBE L TE 77— B2 L < (\/Iérquez
1990). Kobayashi et «l. (2006) 2% 4= Fizb it

%5 £ PEINTI O BLEHE R IZ D0 T uﬂltcuxéf»
Thb. Az s Lz 0y 34 Ao
i RN o T TR DI i X T
W2 (Marquez, 1990), L& L., HA®DWA Y f <
IR AN 2o e (Kamezaki, 1989), 3
l)]JiL, BT AT — 73D Th v, T2 filF4
M BT 57 3 W AHOERC AL TiL, 7
F 7 2 A (Simon et al., 1975 Ulrich and Parkes.
1978 : Wood and Wood, 1980) %4 > 72 A7 3 /7 X
(Rostal, 2005) OWFFEl KA ST 205, KRH
LTI, W2 OB TiisEsh Tun b 30
DD, RREINTOSHEIE MO O HA LI
V» (Shimizu et al., 2005, Kobayashi et al., 2006)0

Pl U7 SRR EATEN IS RV E Ik o TSRS
NDHZEMNS, AR EITTE) 7 A B0 2 AT 2 5
Mo B720, BNIZBTZR0VE > OTYEEE

WD ENLETHDL. 7 I AHOEGHI B
5$»%xuow1.mwgmﬂﬁ®”w Fi e
HEBLOLRITEICET A PAT U CES L
THEH, MEICBITLINLDIEE, LSRR 5,
AIBATE), PRI, O L o— oI o
ANT UG-, TZ]\ZTD/ —Mx)];:k,ﬂ—\)u%y
bBrorvoisrzx7sa S L Twb (Owens and
Morris, 1985), TS DRI E & O)‘T‘I'IJ ’ﬂ‘ifjj’Pﬂ’r‘?l
AR & ORI DT, WA E R & LA
T A7 A A (Jessop et al., 2004), T A7 IR
(Wibbels ef al., 1987 ; Wibbels ef al., 1990 : Whittier
et al., 1997). * 9 4 A (Rostal ef al., 1996 : Rostal
el al. 2001), 7> 7k A% 34 (Rostal, 2005)
KTk A 3974 (Licht et al., 1982) THEI SN T
Who F72 fIEMAE GG E LdAE Ty
I A (Wood ef al., 1979, Licht ef «f., 1985) &4 >
T A7 I A (Rostal, 2005) THEMEIN TS,
Y A=A T WEERKoOEOmM BT A MAFT >
(Jessop et al., 2004) MM T A ~ 5 “/“ZL— -
178 (Dobbs et al., 2007) (2B #5072 F b
BOKRT, fFEEARIZEH L TIEARSN T DHITIE
B, TOXHID /MW)”’“M REC B A By
DIEHUE, WARR O AT 2 01EE < H
HL DO, WEAR BTN B 5 5850, fTH)AE
RMAZT TR, #RSOEMNITE L LARLE S
DERENZI T B AEMEN R AW DI EA LR VOHH
KTH 5, Lf Mo, /M'T'O)/\ I ”"IH TP B HN

THIET H7-D10E, FEH LT B AR D HEiE
TN, ﬁ@brﬂﬂ 4ﬂ“4U*udr%fJOkl‘% e
NS DGR & W EMARO T H & HLERE$ 5 LA S
o

NTRIBZATH 72012 m,itb:%&M%®W#

SRR S L. E S O E R TRz

RRSESLZ &#H%c% 0 OO, R
BOMATEN M L 2RV E > OBEEA D ST 5
ZEPBETH L, £I2T. flZonTRILPOF A
FRTE REOFHAD WAL, AR IETH)
EDOBMBREHOSMITHE L DI, ZRUBMTH LR
e E % S & IR MR DT B 3 B E MR
L7z (13, MioowTimFoL A b5 ¥t —
V=17 BIRTEOFEAB LD ELRE L. Fh
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W F RS NINOSLER AT H A D A ik &
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frie iy Lf LUIJM PESNTEIRE, B IR el B 2 A
HELEDHIZ oy ML ETHIT T ADK

ER R N %m :h%m%%%%¢7%74@
WEAF O 00 & SRR L, % S 1 L At
& AL W S22 L7 (WSI‘TJ.L 24l
AAIF5E TH S AT Ao & AHE 0 B 2 U & 212
L. ZOMMAE S &1 NTEGH O I 7 il 2 4805
ﬁé&&%ﬂ.kéh#ﬂ%% S, R T
NEMEIZDWTER LA ,A,/,..)

F1E HONMEFANATOVEEOERTEHEZ
K

NTERN 247 9 72 DIIE, fEUMAR D s & Wi
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P TH L, FOHIE, HoknE s ol
g (RN R S k) "-'TI")}J’0311"211-‘?‘7?‘915375‘61@‘%/1%'}2
DA, TCULHEL BB X IIILRIOHEL ’2‘5\4\“‘
T AMZATFE AZAGERII BT A AT O A4 L
DLW TH Y (Kime, 1987). 5 A K ;ioh\ T
AR E LTHAKENS (Boume and Licht,
1985), 72, 7 AMATO A7 I AHOHEDE
I etz K7z F 2 e opdlh 3T
Wh, WzE WEOTH Y I A A (Wibbels ef al.,
1987 : Wibbhels et al., 1990), fT7 5 TF 074 7 3

A (Licht et al., 1985) %4 > 7 A7 3 # X (Rostal,
1985) Tix, MUk F A N AT T LI 1S5k )12
WEH T L2 DS EN TS, F72,
Owens and Morris (1985) (XKML I H A IZTF
ANATUL BT HENRZALHUBPMNET S 2
ERYGIEL Twh. TRl oy 3 A K
ZBWT, 7AMATHE AR ) & i3 <
BIEL THB Y., MoRADiEE LTIt 28
BRI L Twh, F 72, Limpus (1992) % van Dam
and Diez (1998) (2. AF DM KB D D THh
BRI D B S DR R N T B oo DR L L
THETHHI &L Twh, £I2T, AT
FE ST THRILL T DY A < A L4 oo
A NAT R OFEAE A MA L, WA BT
e oREW Sz U, T2 Bhoblmo ks
IGEE & U 72 o) ik (Limpus, 1992 @ van
Dam and Diez. 1998) O %R HHEST D & & H 1
W7 i B R RE DI & A 72

NWIBF B Y 47 A DU 111

M¥ET&E

HHEHEGFE Rk ENE LR SO0 2 2T
T, 19994E %> 5 2002412 07 T A SR
FTEYA A28 AL, ZA S & BRI T
L7 Agei il Lz, WL 725 1~ 1 Ol
EAHBIZED S I T E Lo 2 & s,
BERRATIZ X o T B A Gt & s U TR & T L 7
EZ A, M4 B TH - 7o AR, NER
Gk (ID-100A, ¥ — 3 3 ¥ 7 ) EARFRER: (Jumbo

Tag, ¥R Fi B NI AR Y 37 A MidES) 10k
S TR L7z, Wi ¥ £ < 4 o i TE D
B Cragi « BEE S 1d METIE56.0 + 104
cm, HETIE53.0 = 11.1 cm TH - 72 i itk
BRI, 182820 cm TH D (Fig 1-1). %913
Hil262.5 cm LT TH - 72, HEoMksk & it TH oy
FRUZ BT B 02 2028 van Dam and Diez (1998)
1A TS D 7 A T A OMARRS S HED
&ﬂ\‘(/)hi‘/ VEHEIE68.2 cm EHIT LTV S ’l:)&J‘lﬂ
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74l 5*-’411:0)/1[:0)‘1 EMOGADIRIEZ (X003 5 &, 1 Wtk
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Wi L7z MR IREZ A 5 K1 A & R
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SR, MYMCH B110 kL 3 > 7 1) — | BN
(Fig. 1-2. 12 x 8 x 1.2 m, LLUFIZ110 kL A & g
) 4B Tlro 7 WEfEOMAG DL, 12 Ll

THUIX LTl ~ 7WoIEHE L, /fﬁf(D';E bt P E) &
Tl U7z WM™ NDM EBET L E SIS L
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EXANAY iR DHEDFOHEOEE I L 24
S WA 'Ei’.lk.'d'{li vy gy, AR IE % 1)
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(male. straight carapace length 83 cmy)

Fig. 1-2. Photograph of a 110 kL rearing tank
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Fig. 1-1. Hawksbill turtle
a—4%— 1 AV-S7004 W, LoxAg - T74) B
WTBIEE L 7. 'Zii{UI*ﬁ't”C“C 2% L 912, 20074F
& 20084121490 5 ST RRATE SBIZE S 4. 9 WA
Tiﬁiﬂf&%)(”‘ﬁﬂﬂ)* RE Lol BT, ik

LMMET A D AT T VIREEOTREATL) & LRATH) & O
FaReys

M D 7z, AIFE T 7Bz s L 72 5 3

(M-1~ M-5) # 27 V—7 A, FHLYoME (M6~
M-14) #7V—7B & LTK9 L7,
FBEHE UL, BT, K (2006) 0)73‘
PAZHE U T U A MR AIE 110 KL A 2
THHE L, R L7 ST RIEm 2 il k % M
J'I'J L, UK iri;Ci 2 ~10 kL/ IE. ARKinld B L
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7o DGR ]5[ R L, faEBEoOdOlEHD
A O E] 2 5 5 U 7z il b o BN 1210.6~13.6
B TH ooy WS H 5 7 F 47> Engraulis
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< A FIKEE2ATC DL P TR E ST 5 2 s
FOA AT IR UR24C LU T IR B RO IR T D 2 %, K
M2ACAMTIZL % & Lz, /20 ¥ IV
VUL EMIID, REY Y IVH] (ALY =3

— 2 RHAARBE Eh Ny L5 (F7 5305,
I—INA ¥ —FaFl) BFR #11 Y B D25
% A AT S o AL, EERRBIZ LY 1N 7
D3~5H&L7.

Rime&RIVERE M Aonigs 2 A7 o
ViR AR A0, L IR L. ol
DFoEBH & Ul Ao SR o A 2> 5 144
wr GTYEF 018G x 70 R.B GA, =7 a. G -
SS-10SZ, 7 V) TI0 ml ML, ~781) L
L 723RimAs (VP-HI00K. FIVE) 1ZAd, Lok
THETT A ARy 7 ANTEH MR L 720 $RILE
1~ 2 WEM LA 31 % Lo 58k (1043, 2.500 rpm)
L. fBohzimisdsn e r2illed iffmﬁ
TUGERAF Lze 7 A M A7 8 ol BML (¥
— - T ATV IR, T—FF 7 b T A b
A78yF v M (ARCHITECT Testosterone; 77K v
Z JHv» 72 CLIA #: (Chemiluminescent
immunoassay) & OME L7z, FAMATFOT D
A HERPAIX0.14~15 ng/ml. NG HIZ S a -
e FOFAPNATUCH2]1%, S5a-T v FOA¥
=3B, 170 - F—0D02%. 115 - lo
FOTFAPATFTOYNI4L%., Ty FOAAT Y IF
P30.1% TH -7z
ERECREOL2ROBE M4 HE & F
o4 E (DUF. BURIEEWES) & ] 1l /¥
2 (MAI1270BLUE; Haglsf Inc.) % v T0.1 cm M
frE TWE L7z B EE, B Wil o H o
TR SR RO WRE D Johi £ TOMBEREE. B E
IR DR 2582 5 bR Ol i £ ToiiE s L
72 (Fig. 1-3). WPk 2 W3 5972 15 &
LT, ATl r PR Tl L7ZILE (Tall
Elongation: YA'F. TE &Hg9) &R/,

MEtIE /v —7MomEET A P AT T L,
HTE WEEBIUPTEOEVEMNL/-H, 48
fit ik (Tukey-Kramer i) vy, FEAKAES %
THE L7z F 72 20074F L 20084 47 A b A 7
O Y OFEMEOHNUIEE R D 720, 7V UM
PREMRE = V. KRS % c’l"ﬁi’/iétf:o' fleEid g
BBy 7N (2 en2002 w470V T ) OTF

AR

5y A< 4O 113

1> 7 s STATCEL2 (4 steps = 7 L ifidl, #
— I AL ZHIR) #HWTITo 72,

miEFFX N FOVBEOEFHMER 20074 & 2008
¢®mA7xleuzﬂ“ DEAL%E Fig. 1-4123R
o ZKRATEAME SNV — 7 A OS5 FHO M
FTANATO IR, WAL DITAE B )E
WEN, FOET Y — LM A2 R L7
(Pearson’ s correlation coefficient test, » = 0.79, p <
0.05). 7 Vv—"7 ADFEINHET A b AT T REL,
20074 1 Hap s Ly L CFMERE + e . 307

N

A
A

Straight carapace length

<

“Tail length

Fig. 1-3. Diagrams of measurement points in straight
carapace length (SCL, upper) and tail length (TL.
lower) of the hawksbill turtle used in the present
study. SCL was from the distance from the nuchal
scute notch to posteriormost scute tip and TL was
from the posteriormost plastron to the tail tip.
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£ 121 ng/ml), 4 BiZHwmfl CEEEE + k(g
446 £ 9.0 ng/ml) IZE L7 FOB FTOEEIZE
FIIRT L, 8 HICIdmAE CrggE « g

6.8 £ 2.2 ng/ml) %7RL 720 20074E11 H & & F O%E
Ko Lanh o, 20089 5 BICREE (CFEE
= KRR 374 + 140 ng/ml) 1L, TR
20074 & @B D BB S5 — v &R LTz — 5, 7 v—
T B O IMEET A N AT T CEEE, WEE DI
KL~ CPIgpE « e, 1.2 £ 0.6 ng/ml
~48 = 23 ng/ml) THHL., FOLH Ny -3
MR & I UMM % R L7z (Pearson’ s correlation
coefficient test, » = 0.78, p < 0.05),

T(a) 2007

60
:g‘ i _
g{):()-
2 C
S 40
§ C
£ 30 -
g
x
E i
E

Oq_clga_r_gl;,i

TRITE) CRATEIZI4EF 5 (M1~ M-5) T
BlgEx 7z (Table 1-1). LD S B, 2007442 2 W4
(M-1, M-2), 200841 28 (M2, M-3) 25FhZFh
LRIZR L, 2O Inb 5 Thorz, —
Ji, M-4& MSREERERAZLOD, 5 CI2HErs
MM BT8R R L, RRIIHIIL 2h o7,

ERRLEARRORESLUVTE HHI WHE
REB LU TEWLDWT, N & 20074 8 X 02008
FEOEMOYYEZ Table. 1-212 89, 7. %10
R 20074F & 20084E o 4 I > 1 ¥ i % Fig. 1-512 7%
T V=T AEITNV—-TB 0)—"—[4‘1"31’& 'fl’l i, 2007
L2008 E DTN —THTHELRZZED SN

701 (v) 2008
60 -
50 -

40

20 1

Plasma testosterone (ng/ml)

10 -

ofe e & o o O

J FM A M J

SEFE

J A S O N D

Month

Fig. 1-4. Seasonal changes of plasma testosterone of Group-A
(O) and Group-B (@) in 14 hawkshill turtles between 2007 and

2008. Data was mean * SD.
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Table 1-1. Results of observation of mating behavior and
mating success in both groups in 2007 and 2008

No. turtles

displayed mating behavior

No. turtles
succeeded in mating

Year 2007 2008 2007 2008
Group-A 5 5 2 2
M-1 + + + %
M-2 + + + +
M-3 + + x +
M-4 + + x X
M-5 + -+ X X
Group-B 0 0 0 0
M-6 % X X X
M-7 x X X %
M-8 X X X ps
M-9 X X X X
M-10 x X X X
M-11 X x X %
M-12 X X X X
M-13 x x x x
M-14 X % % %

Description of M-1 to M-14 indicates each experimental turtle.
Plus and cross marks in the column of "No. turtles displayed

mating behavior™ indicate that the former displayed mating

behavior and the latter did not displayed it. The same symbols
appeared in the column of “No. turtles succeeded in mating”
indicate that the former is success to functional mating and the

latter is not success to functional mating with female. In this

study. functional mating means obtaining fertilized eggs after

mating.

Table 1-2. The means of straight carapace length of the male hawksbill turtles when they were captured and
annual means of straight carapace length, tail length and TE in the male hawksbill turtles in 2007 and 2008

Al capture 2007 2008
Group-A Group-B Group-A Group-B Group-A Group-B
‘\ ”r...g carapac ’tl _
?Zﬁ?”““qp“ewné] 642 £ 102 467 £53 75.1 £3.9% 69.0 £43° 753 £3.6% 69.5 = 4.4%
(Tall)lenglh Unkown Unkown 288 3.6 188 +£32° 289 +£134° 19.7 +3.1¢
cm
TE* - - 0.38 £ 0.03" 0.27 +0.04> 0.38 +0.03° 0.28 + 0.04¢

Data are mean =

SD. *, TE indicates the ratio of tail length to straight carapace length. Different letters

represent significant difference among two groups in 2007 and 2008 (Tukey-Kramer multiple comparison test, p

<0.05,a>h.c>d).

3 (Table. 1-2. p > 0.05). & {EfA D FIE &L
I - THTERENA SN (Fig 1-5). FHHIE
B, 7 n—7BIW Ly —7ADTHWEL
LIIZHEIZE D o 72HY (Table 1-2, Tukey-Kramer
multiple-comparison test. p < 0.05), 7 )b — 7T A
O NEE 7V — 7 BORAKEEIEEITIEL T

W7z (Fig. 1-5). —F., FHTEE 7 Vv — 7B X
DL 7NV —7AD)H»PAEEITE (Table. 1-2,
Tukey-Kramer multiple-comparison test, p < 0.03),
TN—T ADRMNMEE 7V — 7 B ORKAE G B
X453 %41, 2008471281 B HTH OHIZ0.35, HHEDE
130.33CTH - 72 (Fig. 1-5).
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Fig. 1-5. Annual changes of straight carapace
length (SCL. upper), tail length (TL. middle) and
TE (ratio of TL to SCL. lower) of each individual
of 14 hawksbill turtles in Group-A (O) and
Group-B (@) in 2007 and 2008.

MEFRATFOVEEERRESLUTE EDE
% 20074 L20084E 0 70 — 7 A OMMETF A N A5
O RIEERBRII V7B I NS HEIIEL -
7z A% (Fig. 1-6, Tukey-Kramer multiple-comparison
test, p < 0.05). TNV—TAETLV—TBOHRREE
DOEEAF 2T B THEI A SN, — ). 2007
1 t2008(0>7w~7 ADmMAET 2 b A i

VAR IV
HETERZ7V—7B X0 b A EICE < (Fig 1-7.
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(a) 2007 -~
’.O & 0'4)1
@] C
% Ll ]
iﬁl‘ T ) L) 1 Ll
1) 2008
Cx
IOH
C
b ; {;‘ - : . .
100 150 200 250 300 350 400
TL.
-6. Relationship between the plasma testosterone

and tail length (TL) of Group-A (O) and Group-B
14 hawksbill turtles between 2007 and 2008. Data

was mean = SD.

Tukey-Kramer multiple-comparison test. p < 0.05),

FW N — 7O TE OESERSIZERT L2 L7
<, MR Z XA Sz,
£ =B
AT, zoo7’rou BT OB 2 b 2

14U » &, FRAEIE I N5 7L —7
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50 - W, TR D G TR L. b
(a) 2007 - TAOL) BN ERFEHLHEAS N D
i otz Fiz QAR E SIS TRRTEN
= 40 1 BEshhhorz. ZHIE FAMATOY
E: BT ST LR LT 5 2 &
\230_ i RIS B
£ . M I AFDOMED T AN AT T R
g K DEMHEMIZOGT, HWEDOT AT IH A
2 -J
% 200 1 (Wibbels ef «l., 1987 : Wibbels et al., 1990)
z “ Nt T H A A (Jessop ef al., 2004) 123
E VT RN FA L RIS R
= 107 | WA TR L. ZORIKDT 2
&3 M L= - L BT — L S TG B, B
0 - : T : G FICBIT A T A 2 A (Rostal,
} 2005) X7 A I AA (Licht et al., 1985)
50 7 (b) 2008 BT, AR & RS B
%ié%trxleU/& ﬁkﬂﬁa
= 40 - I I SEDFHHLNT B, — i RN
’\::L - FANATFO Y ()‘,"l CF LT, Jessop et al.
% (2004) 1%, WO RWERAET A I H AR
z 30 - r £ ADT AN AT O 2R &
2 S Ll L TR 2 & F ARG A S A
g 20 & | WD 7+ 7 37 A OWAKOINIET A b AF 1
= PR AURIETH A T E I L Tw
Z let B DRSO WLl 34 A
= 104 ) ) DF AN AT O EEE EEMRENIESA L
% % T TEDOHBRIPT L LI EFzERL, RIK
0 H!—{' ’;‘ 11 - . | /-}w“r?m‘ iXJJIU)TZ ]\77?7‘13 VUL M
_ _ _ PAGRIETH D Z L 2 L T b, Owens
020 025 030 035 040 045 and Morris (1985) (5 % b 25 11 > O #
TE MRS, FANATO Y B RIRL
Fig. 1-7. Relationship between the plasma testosterone level A ANET L 2 Ll T KRBATE)

and TE (ratio of TL to SCL) of Group-A (O

mean * SD.

A, @&%?ﬁl&ﬁ>of‘9ﬂv‘7Vb~ffB MESI AR
LAl ZOUEEIZ BT 5 S RO RO ITEIE A
WcdHh-7z. 27T, H WL TV L hEIE S

W25 A, RO T A R AT 2 RE Al
L7z, O, FU—7AONETANATO Y
T 220074 & 20084 & B4 W s 5 T T Tk
EIEL, 2RI TS E ) BHAB T L
75 it,;wv~7,x@ou4iw D2 e T
flgd 24, BRI L2 ILb 5 HTho
t«*ﬁ.7w—7B@9W@WmTZFXTU/

) and Group-B
(@) in 14 hawksbill turtles between 2007 and 2008. Data was

MFHIEEINDL T ERIGHL Tnd 72, 7
TR AT A ADORRIUE, RO RH s
FANATOVRIED [ L & DI ET S

S E DT AT TRl ST A (Rostal,
2mmﬁ:ﬂ%®‘t#%,%zk1%my
WO L RAT I & 35969 A 7O R L
%y?%é:t#MM§ﬂ.MW&AMM M5 7z
wWﬁ%thﬁﬂfﬁé RRA. RTEITHB T

W5 & Ao 72T 40 MBI 5 9 4 < 4 HEo st
TANAT O @?*f!IJ’JQIIJJ . B RE &

CHELTED, ZoL iy I NI L
7z l&%l“‘i?) HEwz b, LT, AMRiCHnT
20071 D2 TE ORGETH E b LXK L2220

FN—TIE. FALNAT O BSOS G,
TN =T AL 2R TH Y. -7 B3
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KWL AMETH D 2 E 2 BT TEHE Y. %ZFZ“
02 AHDOMEIT L NS AT =D —TH D

Wb LHILEHS TZIZTU/fMN&L”
WAPIEZ Pl T B0, Fva i T & 25739
SN L 2415 Z & Rl (ESE O B X 7 2 o i)
73%‘;157@

T 7V —rvor g BIRLEBIDTE 4
thW7 LR EILE L, EnSE v
P S o 1 i % FEC /N IR & 1 (1 R NSl T
MR D R TR A S, IH'I'L{ RS LTl
T A I BT E R o7z, DURBRIE MR
AR ORI TG A ST WEE TR D )y A3
BIPIZED o 7278 OO IR LT
W7zo Limpus (1992) &, W27 L— b8y 71 —7
HENT2 54241220 T, WlenfEsz JLikr L
THED MR Z T 5 2 & BETH L W L
TWwh, F72. van Dam and Diez (1998) i3 Limpus
(1992) @ Jjikiz AT ) 7l NJFPﬁ25276ﬂﬂMMﬁ
FARADD WL 2z YL Te5, L
L. /MIJI JETIEDUIE D 1E B S thf e F
T 2 EIIWHET S o 7o ARTFSE & AR UF 985G U
»mmmw; TARZTAOD Y A < 4 SR A BB

R DA T o T D BRI & BT 4 T B &
W) ZEITENL TR EEZONDL, FIT, AN
JETIE TE (NG x 3 2 hlle BED L) v a8

T2 AREE R O LI R X L As e 2 1SRN
& RO I TIN5 3, [T HO TE &
0330 1 #®#¥HDO TEIX033LL N TH -7 720 K
SAMAAR & AR R O IS T A N 2 a vk
13.9 ng/ml £4.6 ng/ml & WK Ji 547 2w
(Tukev-Kramer multiple»conmal‘i%on test. p < 0.05).
IO EaH S TE 2L 2 MHIKAMAO TIHIE R 2
m*%mwfaﬂfémf%é&wxéVM®H&%
o LI s hd_La WW%ZLZTD/& %
e RN LB A TEVEIRIE T T 5
Fidi (Owens. 1985) % &05Bh 5. Lo L. L\fﬂ@
IIFEH BN IE SN TH . Aol
WIZBWT IS O TR X B PR S 1IN R T
BB —J RN TIAARI TE #8EEE Lo
HTEE, A0 2234 < R 2 B s e B Al
VB lnf_ . lEh AR B R PRk e F )T
LELTHRITH S

B2E HOMEIX ST A —IL—17BBREDZHE
ZE)EIPRan3E

ANTVARIR & 479 72ed iz FERAE AR 11 A 5 ) A

il 4 7% 3505 L %ﬂ%@ww&%tmvﬁﬁﬁ%é:
& 75" 0 '”‘/d*oZ) FIZAFE DM I I 2 ~ 3 4
{211 & Heh ‘SﬂL CTHB D (Marquez. 1990). A 1.%
BLZ B TR L 7o T dy - T H AR 2g IR AL T
TERWEEZONDL. LT, GlELLET O
DB W SNMIT L EHNBEETH . Mol
ROVE DIRE L INFL O & DR RS LS
VT dh A U, BHE X CIEABO BT,
IANTVF = —-17 ﬁ ERYEA 72 4 FERof%
B TH Y (Kime, 1987). NRIHIZB VT A b
T VF = =17 fAIBN M R 2 8- T B B
ZEPNSITHD (Ho 1987). 7 I # AHOM D
M T A DT P F— b =17 BV T B 28 1E. U
DT A I A (Al-Habsl et al, 2006). 7 H 7 3
77 A (Wibbels et af., 1990), 47 A (Rostal et «l.,
1996) BE Y £ ¥4 (Dobbs el al., 2007) T
B, BRI MIIBYTL T A Y 3R (Licht ef
al., 1979) X7 7k A 3 H 2 (Rostal 2005) T
AESITOD . TRSONEIZE T, WAL 72
DIANT A =N -17 /)’(ﬁ'l LR A TR A B e
I T L Ik R WS kG T
Wb it.*&%&?ﬁﬁ:ﬁxulxbukf&
AL L0, I otERETFa Yz =0
S ER I BN I EAULEENT VS (Owens
and Morris, 1985). F 7= T4 For > 7w 2
I ATLIBWIHI M T 0 Y o 2 AT A
CEPHFEEIN TS, ThoDIZ ERnD, 7 IH A
HUZBT DDA NI V4 — 0 =175 O%ENE, I080
BRI Cdh 5 7109 = = 0 O R Lo 56351 2 |4
LTS S EAYRIE SIS O PN IR X
BT B G L2 X - TINSLN OB (IRELNIZ 5 5
HEGH i 0>U|‘J FEREGTIITERIEOM O LR D5t
BT A 2 LIS DIRT 5 2 EATTE B (Casares
et al., 1997 : Tucker and Limpus. 1997 : Gilman and
Wolf, 2007 : Lance ef «l., 2009) . Rostal et al. (1990)
I, fHERIFFor > 7e A 3 F AT,
IPEVN O JRHEIE <2 B2 DS TE IR 5 41T 2 Y o0 15655
ZREINCHEY L Cw b 7200 o sz Eo
A A (Rostal ef al., 1996) 27 > 7k A 397 A
(Rostal. 2005), fil5 4 Vo % 4 < 4 (Shimizu ef
al., 2005 1 Kobayashi ef «l., 2006) TH it T\ b,
Lo LRASs, MM M7 O F— b =17 BiEIEIZ 1Y
T LMATOWEIL. R S mINICR S £ TH
//HI“J AR SN T LRSS L 1ARR I‘@lé,”i}ﬂ”]
T 7z o Tl A LTI o S & O 22 i
C‘:/\/ 7wy (Rostal, 2005) . 2 C, AT i200(‘>—'1?
101] 7> 52009410 H L2204 TEIH & F o 7 4~ £ M

I
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(Table.
A

'C o

73 M m,

RN

Ao

¥ EHE T, AKWE%E h*f_llﬁlllﬂl@“) b, Bl sEE
B4 (F1~ F4) Eg 2nlidto7
#HEE% T”i'iiiﬂli‘flﬂ\ﬂ) AT 1 mICRim Lo s U (F-5~ F-11) 1daknks MHﬁ\J’ X7z
BHYTHAH, AU M8 (EERE S, Bl B S e (N A R = % [ NI
~ F-11) ol fEIR o Y & 1341.5~78.5 cm @ i BH {2006) & Kobayvashi et af. (2006) (ZHE LU 72,
THY., Fl& F2olfl [&id N ZFn78.5 cm &£68.4 BT BENTLOME % Table. 2-2123 L 72

Table 2-1. Summary of body size of female hawkshill turtles used this study

Straight carapace length (cm)

Female At the capture Growth rate '
(1999-2002) 2007 2008 2009

Mature F-I 78.5 82.9 82.4 82.3 -0.6
F-2 68.4 77.6 77.8 77.9 0.3
F-3 59.0 73.2 72.8 73.3 0.1
F-4 53.4 78.4 78.2 79.0 0.6

Mean  64.8=+11.0 780+£4.0 77.8+3.9 78.1x3.7 0.1£0.5
Immature  F-5 41.5 77.8 78.0 78.6 0.8
F-6 46.6 76.7 76.8 77.8 1.1
F-7 55.5 76.1 76.6 77.5 1.4
F-8 61.6 74.1 74.9 77.4 3.3
F-9 54.8 64.4 64.2 65.0 0.6
F-10 49.2 63.6 63.6 64.9 1.3
F-11 45.5 60.1 60.0 61.8 1.7

Mean 50.7+6.9 704+74 706+76 71.9+£7.5 1.5£0.9

Values of straight carapace length shown in the table are for the measurements in January

of each year.

“1: Growth rate was a value which subtracted a value of straight carapace length in 2007

from a value of straight carapace length in 2009 in each individual.

Table 2-2. Summary of rearing methods for hawksbill turtles

Rearing tank Concrete tanks of volumes of 250 kL', 200 kL and 110 kL

Sea water Sand filtered sea water

Water exchange rate 250 kL tank: 20-50%/day, 200 kL and 110 kL tanks; 100-200%/day
Sea water temperature Natural condition "

Photoperiod Natural condition

Feed Anchovy and squid. quantity of 1-2% of turtle body weight
Supplement Vitamins and calcium powder, quantity of 2.5 % of feed weight
Feeding frequency 3-5 times per week

*]1 250 kL tank was connected with an artificial sandy beach and recirculating system.
*2 950 kL tank was kept at 25-26 C from November to March.
*3 Light periods ranged from 10.6 to 13.6 hours during the experimental periods.

fil 75
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A, AR & ST EN250 kL 2> 2 ) —
A (Fig 2-1. 10 x 10 x 25 m. LLF. 250
KL ACHS & g37) 13%, 200 kL =2 > 7 ) — PELKIN (10
X 10 x 2.0m. BLF. 200 kL AKfS &) 1~ 2 K
BLOC1I0 KL KA 2 ~ 4 F=2EH L7z 250 kL Al
AHET 2 AT ROKE 21 B3213 m, A
4.7 m, HifEA6L] m*Th-7: (Fig 2-1). F72. A
e O b 13 M W GERT O S MRS L 72 b de i Arh

KDLDEMAL, WOBEs3I1El mE LA 200 kL
A L TN10 KL A ORI H RS E L7z 250
KL AAN DAL L 720 00 b i M1 P 5 $8 A0S
PO P ZBid 5720, 11~ 3 IO ORIEKEF

25~26C 2 L. 2NN B R4tk & L7
FODEEH ZTOFINT, & 1 EmoOME & JEof
AL L2EBYTHY, 2Tl
SRR B R KA S B A &

roseeedme (RIEEHER |,

Fig. 2-1. Photographs of the 250 kL rearing tank (upper) and the
artificial sandy beach (lower). A black arrow shows directions from
the 250 kL rearing tank to the artificial sandy beach. The tank and
the beach are connected by a gradual slope under the rearing water
level so that the female turtles can come up onto the beach for

nesting.
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L7z N, Oy y 3 UAlE VD LA R S FAN AL DB 72 LROM AL, 1
ER AL/ o VAV e AR O/ o || AR (R b 1Y TETEHEAES T2 2T L 2o T 2 T A 720,
WEROKRED 1 ~2 %% Mkde 2 L, i 1M & NS s BB L 72 B 2 8RR & L7z, Ly L,
729 3~50& L7 AT AN, Gk (20060 O#IZRE, S
TREENOBE SRERBo /L B 1 5oM W T L > TN & BlEE L (RREE )50 if)c
H-& HEoRRFEOINIIEHRLIE 80 THD, = BACRLd U720, O (IR S HEIE 2 72 0R T
TIIMS & L Z A0 RS 4. WAk L] % oo A C Bl N kG Calbumen) & BE4% (calcified egg shells) fﬁ
L. 3~ 6 oMz iz o AL S L 720 I S AL/, oviductal egg) OATIETHWIL 72 (Fig.
WAL TR E T o7, e frahis, ey 2-2). Fhbn, RRECHEOEIENIZ ISR A5 g

Fig. 2-2. Echo images of vitellogenic [ollicles (upper) and
oviductal eggs (lower) detected by the 180PLUS Ultrasound
System. Vitellogenic follicles were identified from the echoic volk
{arrowheads). Oviductal eggs were identified from the echoic yvolk (Y).
anechoic layer (albumen. AL) and echoic ring (calcified egg shells, ES).
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AW ey i’/:jtlkib fllne i
Pl UFze 28R U 72201k 250 kL KA (2 F2 4l
LTJ""l‘)I‘JTJ'ﬂJ*{flL’“‘Lf; PEIRIT IO I%3E. 2 v
S Y 74 H A5 (1CD-878, il 145 i) rHJ
Vo N O T A2 24 FE R E L. E o a 7
FNLa—=5— (AV-S7004W. ¥ 2524 A4 -7 1)
Watg Lz (Fig 2-3). Wff7— 213, &Ik L <
FEOR A7 2 il L. PR & —{J/J_Lf

EREW IO E D 7 Tk
R (180PLUS Ultrasound System. 7/ # 1 |
Txolv) BHGL T~

AR/ AR AR Y Tl b

SO TTIHE T o 7 fil s

L7z ARWEE i 72350k s i iz £ = v — a8
b 72 /I\HJ’HH( TRTETLHTO— T TR &
nNTuwa W”im@;ﬂ WA o7 REIRIE. KA
AS TRV TS il i RPN DA AWASE ARV & 1 [ &5
L. Kip u&mu@u PR SR T o — 7%
N T 2 BlE2 L 72 (Fig 2-4) . FESVIADAHZ

KA SUHD 5720 2 AR i o s iman iz L, %
REOANTHUTE M BT O 7 0 Geidhtl b o o7

HIF 27 7 A) AL, 2O 1o 7 0—7% 4T
THIEL 72 (Fig 2-4). 70— 7ﬁb“%ﬂf%ﬁm

DFFHITEZ 7 — Pl g —if% s LT RSN,

B8B8E6=3UN=-3

Fig. 2-3. Photographs of two highly sensitive cameras fixed on the

outside wall (upper) and image of an observation of nesting behavior

(lower).
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PRI ARAE L. Rostal et al. (2005) O 2HE L
B & BRAEELC X 4 L Clgs L7z (Fig. 2-2). Bt
TERIRTEDFRAE & LT, YOI & Oy o JE 18 72 Ak 3
NCVBET-MEEELHCTWELZZ, 2B, I0
FEECIATEARL0 em A OIIIIE D) T E 5o 72,
FmEFRILEBE MWHEOMSBEL AT Y
F— =17 M 5720, )1 gL
oo BRMLFEERE 2 EG I HICREL B0 TH
B, TALS VA —N-178 HWsEE WeEid BML
L, 7—F 77 b2 A T UL -V F v b
(ARCHITECT Estradiol I : 7 K> b v 232) &

Bz CLIA iz T hillsi L. m AT UF = -
17 B s fEPHIZ10~1.000 pg/mi, 2872 BOG 413 T
A rH0.11%, AN U4 — v —17 B 3-sulfate
A0T7% THY., T AN F— N TIEZEEROSTEIZ
AR AR/ AR

EFREOQBE MIWOEHSEE T, 2 F 2
(MA1270BLUE:; Haglol Inc) % HTO.1 cm Hifi FC
Moz U7z SAEDOHHEIEZ0ED 1 IO F— 7 % Hv
Fol T ARG T. RREE TIEO200941 1 Iz
BUTDH l]fl\/b‘ SRR 200746 1 FIZ BT A
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Fig. 2-4. Photographs of observation of ovarian status using the
ultrasonograph. Upper and lower photo show an observation in the

nesting period and the other period, respectively.
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Open circles and cross marks indicate that follicles developed and that

follicles did not developed, respectively.
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Fig. 2-5. Relationships between development of vitellogenic follicles
(a) and changes of plasma estoradiol-17 f concentrations (b) in female
(F-1) hawksbill turtle. Open circles and closed circles in graph (a)
indicate mean diameter of vitellogenic follicles and oviductal eggs,

respectively.
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Fig. 2-7. Relationships between development of vitellogenic follicles (a)
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Fig. 3-1. Photographs of a highly sensitive camera fixed on the edge
of the observation window (upper) and image of an observation of
mating behavior in the 250kL tank (lower).
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Table 3-1. Summary of mating of captive hawksbill turtles from 2006 to 2009

Combinations of female and male

Mating
Female Male
Year Straight Straight
ody .
carapace . carapace . No. of Duration
Ind. weight  Ind. weight  Date . .
length (ke) length (ke) times (minutes)
(cm) © (cm) ©
F-1 77.3 69.7 M-1 826 752 4/24 1 70
2006
F-2 829 712 M-1 826 75.2 5/3 1 120
F2 829 66.8 M-1 82.8 772 5/29 1 60
2007
F-4 732 550 M-2 732 46.0  5/17 1 50
2009 F-5 790 632 M2 742 458 5721 ] 150

Values of straight carapace length and body weight shown in the table are for the
measurements in January of each year.

Table 3-2. Summary of egg laying by captive female hawksbill turtles during the breeding season from 2006 to
2009

Ist 2nd 3rd 4th Sth 6th
; R . Day N Days Days - Days ’ N Days .
Year ind. Days No. ol o & No. of . - =5 No.of . o =5 No. o . - ,'\S No.of | 4 ©5 N ol . "
Lo Status alter ~ Status after Status alter Status after Status afler Status
after mating  eggs cggs eogs A epgs egg < eggs
= Ist 2nd = 3rd == th b Sth ==
F-1 3t 137 Nesting 15 168 Nesting 21 Unknown Release 14 156 Nesting 21 Unknown Release 7 Unknown Release
2006
I-2 33 114 Nesting 18 162 Nesting 18 173 Nesting = Unknown Release
-2 24 131 Nesting 21 132 Nesting 21 133 Nesting
2007
t-4 30 86 Nesting 15 119 Nesting 17 16 Nesting 46 100 Nesting
2009 F-5 30 126 Nesting {7 139 Nesting 23 Unknown Release 14 162 Nesting = Unknown Release
Mean 29.6 1188 17.2 1440 [8.7 1473 247 1393

Mean values were calculated using only data of nesting.

*1 Nesting and release mean that female laid eggs on the artificial beach connected with rearing tank and female
released eggs in the rearing tank. respectively.

*2 The release date could not be specified.

BECHEIN L7z 2 &h s, {355 BB B S, DREINRITTEIN S 7= PRI 13 0 iﬁ{f*’

R0 AET 160, J<HﬂbQJ[O)F111 IAFF6TH - 72AS 2201 BB TE R R, 26]] ZEO
7o PRI ATHERR S, 46 H BICREIIICE S 2D nm@f“
RN S WMEIR T TOFYHH (= PR 2%) o7,

1329.6 = 34H (n =5), ZOHMIZ2A~3B3HTH - PR (£ FEEEF ) 12135.9 = 25.21H (n
7z (Table. 3-2)o Ml N LLFE O SEIGFEIN NG (= =16) T, FOHBHII86~173M T H - 7~ (Table.

FRIERA) 13209 = 9.7HM (2 = 9), Fo#EpI1Z15 3-3). EIMMAEOETFES L OMEE & BN E oG

~46H M Td - 7z (Table. 3-3)o LD FEHF & ik L
THENZ R VA6 H M IR RIFRIE, 200740 F40 3
HHEAMBOERMBTHY, | BloAEES NI,
COWROIMEANS 4 W HOREN T TOWM, BEk
BRI X DI O 2T/ 2 A, 3MH

% Fig. 3-21 J?ﬁho FESEAR O S 3 X ORI & 7
I ORNZ L, B R IEOMM DD S 7z (B ;
r—055p<005 RE =071, p<005)

TR REIN L (= BEREZE) . KA RN A g
SN RO R & B THEM L7i £25,35 07
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Table 3-3. Summary of nesting of captive female hawksbill turtles from
2006 to 2009 during the breeding season

1 Mean + SD Range
Chutch size (eggs) 16 1359 £ 25.2 86-173
Number of clutches per female” 2 3.5 £ 07 3-4
Internesting interval (days) 9 20,9 + 9.7 15-46

* Data of females which released eggs in the rearing tank (see Table 3-2)
were not included.
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Female straight carapace length Nesting
(cm) Fig. 3-3. Relationship between the number of

nesting and clutch size of each captive female

180 - hawksbill turtle. The data were collected during
O the breeding seasons from 2006 to 2009. Different
O
160 - O ' QO symhols indicate different females which laid eggs.
&b O
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= 140 - O O
8 O Ml (e =2) T, TOWPIE3 ~ 4 TH-7 (Table
s 01 g © 330 A INIBIHT 2 MBI A0S
é O FlizBWThH, BIFER LY 2R A O A % H o7
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OIS A A L AT Al ahh
O 725
80 t 1 1 ' H ‘ - . " -
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56 55 60 65 70 73 BRSNS, 1ol A TR LEET 5 4 00 i
Female body weight (kg) WER ST, 0k TOIRRIP ARG ISR S h,

L b 2 O i R B S % /88 —
»C. 3% (Table. 8. 20064E0 F-10> 3. 5 lH
2009%E D F5M 3 W H) #HE S, b9 —21,

Fig. 3-2. Relationships between female straight
carapace length (upper) and body weight (lower) and
clutch size of the hawksbill turtle in captivity. Nesting

behaviors (7 = 16. see Table 3-2) were observed in AT LRy 5 2 &2 <0 REIMIZDIZ > TH
the breeding seasons from 2006 to 2009. DR PRI L. Ly F R MRPR (X IR #¢

BB sh DXy — 2T 3HH| (Table. 3-2,
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200646E D F-1m 6 Al B & F-20> 4 | H, 20094 & F-5
D5 H) ABEIN, BEESHEEEZ TR
PEROBRE R TIE, ORI RN L ~4 0

N3 IR O TR S Lo, RGO
AIIHT 72 ISR S e o 72,

AME 20062009412 S ET2. 17AM D JR A ER 2 41,
HEHBEEDT A A 57 (Table. 3-4), 216
FIOEID D B, & AMEL Lo 72HE5 1IN, 5%
D15 DOFF)T 5L L 727 A 1d 1 ~83M R #ip ¢
H ot 6 OFEHSIF (£ E#EGEHZE) 32219
= 13.0%. ZFDOHFIZ0.0~67.2% TH -7z KRR
M. IR X O INIRI L & AL O % 7298,
HEEEBO SN o7z (p>0.05), T/,
% 2 & O AL (£ FilE2E) & 1RAT
1317.7 + 281% (2 =15), 2 HA%23.8 £ 254% (n
=5), 3MEHEAS33.0 £ 28.0% (n=3), 4RHTIZ
19.1 = 185% (n = "3) o THEEZS 3MEIZh
THEATEAMEEE AL, 4BOTHRTLA, L
2L, FOEE hﬁ HAEmERO SN Loz (p >
0.05),

ST A OFHEHR R (+ FERERZE) 13375
= 1.7 mm, “FEHRTE (= SEEEE) 13129 £ 06 ¢
Tdh o 7o N5 & & O S AT 7 A O R (+
PR ) 1, 1M TIE36.9 = 2.5 mm (7 = 3).

20 HAH389 = 27mm (z=4), 3EHA39.0 = 0.5
mm (z=23), 4MHATIE375 £ 1.7mm (n =3) &,
IH k9 2~3WBEDHZANELS Y, 4MAIIC

AOFHEE (+ EH#EFEZE . 1HHTIE124 = 0.8
gln=23), 2WHI33 £16g (n=4)., 3EOA
136 £ 0.2mm(x =3), 4l TiF125 £ 1.2 mm (n
=3) &Wf'ili‘litﬂ’r’gji@ﬁ“@jfrf L7e oL, ¥
NOEFLHEZITED SLhdor (p>0.05),

z =

TR AT SRMEE ERFER L. RE
ZMEHE L AT ool AEbEE L TLIHOKIEIC
RELZE2s, 2TOMEROZIERLEINO N
BMARTET A LDTET, ’C@m/{' N TE b
7990.0 = 43.050TdH 5 EHW SR o720 Ma
rquez (1990) 13, Wi £ < 4 TLZHEAIRRL S
Bfli o THER IS Z AT INEE & B RE T 5 &
LTWwWaAD, LRI EIZIEE STy v, Wood
and Wood (1980) &, 747 2 4 A ORE718 o fi 7
FAFTIIBIT AR L HEINrB) 2 @5 L, 2ufEiomk
PERY L 723 o S RIRE 125 51 ], IR L 7%
o T A ORI I ARG T A - 72 & W
LTWwh, KL TIE, ZZRIEMOHNIE50~1505
THo7ze WEPZERT 2 HANEMIZR 203 2 8T
HL0E, TEIIFAITA ALY BET o2
LR S0 TV AT RENE DS E 2 it b AN
BT, LRl T7AH T I AL LD TRHVR
FWZ S 22 61, Sfkh 52N E S Twn

A EMS, BIOZITELIEZIOMRNNTRE LT
WA EHEN SN D, I H AFHD OGS

EHONSChotee Tz MBI L O SAUFA B9 % Al
Table 3-4. Summary of hatching of the hawkshill turtle from 2006 to 2009
Hatchlings Hatching rate Hatchling size
. Total Mean
Year Female coas Total R Mean Range Straight BodMexj“]ivht
= ange (%) (%) carapace )(T)t ©
length (mm) &
F-1 461 71 15-38 155 +8.0 89-244 39103 135=+0.1
2006
F-2 449 126 0-78 249 +£229 0.0-45.1 389=0.5 13.6+0.]
F-2 416 172 3-83 408 +£34.1 23-672 386+£12 132+09
2007
F-4 421 97 1-78 212 £302 09-655 36.1 £02 12.0+1.2
2009 F-5 427 29 5-18 6.9 =53 3.0-129 361+£19 123+12
Mean 21.9 £ 13.0 37517 129%£06
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BT = FIPFHEO AT RT ), Fa— 3151352
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7 1) e RIE16.4 = 2. 108 (» = 28, Bjorndal et al.
1985), A=A b Y THFEF ¥ XNV FE147 £ 1.0
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