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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 Nansei 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 in 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 behavior, 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 = 3.4 days. As for nesting, 4 females nested a total of 16 times
between 2006 and 2009. Mean clutch size and number of clutches were 135.9 + 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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FEATEWET) ANy FAY —F 1 ¥ 72X b AMSE
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Fig. 1-2. Photograph of a 110 kL rearing tank
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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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+ 12.1 ng/ml), 4 HiZHmEE CEERE = BEi#EFE,
446 = 9.0 ng/ml) ELz. T0H, FOREIZA
HUIACT L, 8 HICIdmifE CPgeE + B,
6.8 = 2.2 ng/ml) #/R L7, 20074E11H 7 5 H O%E
ED LABA BN, 20084E5 HICmEE (CFieE
+ fEdEMRFS 374 = 14.0 ng/ml) ZEL, Z0RIE
200747 L PR LB Ny — Y HR L7ze —T, ZIb—
7 B OV T A M AT O VREE, WAEE DI
KLV CPHRE + SEFE 1.2 £ 0.6 ng/ml
~4.8 £ 23 ng/ml) THRBL, ZOLHI/SF— B
Mi4E & H I U % 7% L7z (Pearson’s correlation
coefficient test, » = 0.78, p < 0.05)

70 7(a) 2007
60 -
50 -
40 -

30 1

20 L

Plasma testosterone (ng/ml)

ZXRITE) RREATENXI4EP 5 (M-1~ M-5) T
BlgE s N7z (Table 1-1)s S5HHMH B, 2007412 2 TH
(M-1, M-2), 2008%E12 286 (M-2, M-3) 2sFhZh
LRI L, ToBHEwTFhd 5 Tholze —
F, M4s MSRKRERARAZSOD, IS
MENDATEI 2R L, KEBIERII L Rh o7,

ERREARREORESLVTE HFE, AR
EBIUTEIZOWT, iR 20074 B X 172008
EDOEM OFIHME % Table. 1-2127R8 3, /2, &M
1K D20074E & 20084E o 4E [ 0 -3 % Fig. 1-5127R
FTo FIV—FTA L7 NV—7BOEHEREZ 2007
EE2008EE LI NV —THTHELRZIZHRDON

1(b) 2008
60 -

50
40 A

30 1

20 1

Plasma testosterone (ng/ml)

10 1

o--cﬂ--.--.-!-.-!.‘.{. . Qé .

J FM AMJ J A S OND

Month

Fig. 1-4. Seasonal changes of plasma testosterone of Group-A
(O) and Group-B (@) in 14 hawksbill 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 No. turtles
displayed mating behavior succeeded in mating

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

At capture 2007 2008
Group-A Group-B Group-A Group-B Group-A Group-B
%ﬁfmcm@%em@m 6424102 467453 751 £39% 69.0+43% 753 +3.6% 695+ 4.4
lil)length Unkown Unkown 288 +36* 188 =32 289 +34° 19.7=+3.1¢
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> b, c>d).

3 (Table. 1-2, p > 0.05), &k V3 H K&
TNV —THTEEIALNT (Fig. 1-5). FHHLE
B, ZVv—7BXh b7 V—TFADFBWEL
LICHEICE D 5 722% (Table 1-2, Tukey-Kramer
multiple-comparison test, p < 0.05), 7 WV — 7 A
D/MMEE TV —T B ORAKMIZIEFEITEZEL T

w72 (Fig. 1-5)s — i, FHTEWR 7 V— 7B X
Db 7 NV—=TADNHHEICEHC (Table 1-2,
Tukey-Kramer multiple-comparison test, p < 0.05),
TNV—T A O/MEE 7V —T B O KfE b WIS
K&, 20084F12 B 5 HiH OHIZ0.35, HRHDMH
130.33TH - 7= (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.

mFEFZAMIATFOVRELERERSLVCTE EDOF
% 20074F L 20084E D 7V —F A DIHETF A N AT
OVBELHEREIZOV-TB LD OHEIIE-
72 #% (Fig. 1-6, Tukey-Kramer multiple-comparison
test, p < 0.05), Z V=T A L7 V—-—TBoOREE
DOEEHEFZII—FTEENIAL N, — T, 2007
L2008 ED TNV —T ADIMAET A MAT T Vi
EETEWRZV—7B X0 s HEICEL (Fig 1-7,
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(a) 2007 )
¢ 1O1 A
| @] O
(b) 2008
O
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Fig. 1-6. Relationship between the plasma testosterone
level and tail length (TL) of Group-A (O) and Group-B
(@) in 14 hawksbill turtles between 2007 and 2008. Data
was mean * SD.

Tukey-Kramer multiple-comparison test, p < 0.05),
F72M 7V —70 TE O #FEZTERT LI L%
<, BRI X &7z,

z =

AT TIE, 20074E DRRATE DBIGHIR E b L 12,
HE4BHD 9D b, REATEHPBIRE SN S5 HE 7V —7
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Fig. 1-7. Relationship between the plasma testosterone level
and TE (ratio of TL to SCL) of Group-A (O) and Group-B
(@) in 14 hawksbill turtles between 2007 and 2008. Data was

mean * SD.

A, BIESINRPro729WHE 7 V=T BIZX5A L7z
LA L, ZORNIZBT 2K MEEROMEEAOIREIIAR
HTho7zo 22T, WAL TVEDELZH S P
295720, &ERoMEET A N 270 g2 illE
L7z TSR, FV—=7ADIMFEFANZATO Y
IREEIE20074FE £ 20084E & D124 A2 5 5 AHhF T
FEEIEL, TORISHDT L L) FHEHZ/RL
2o 72, INV—=TADS5EITVTNLKREITHA
B s, TRIOED LRI ThL 5 ATho
2o —FH, ZV—=7BOYHOMET A NATFO Y

BRI, MRS HIRRETHERL, V-
TADE) BRELGFHEHIAS N H
o7z Fiz, WEEE LICEMATRREITENI
Bl s ahrolzs 2hiE, FAMZATT Y
PARMOEARKRBITE LR L TnwE T L
(AN 25
TIFAHEOMEOT AN AT T VR
DFEWHEIONWT, BAEOTH T I H A
(Wibbels et al., 1987 ; Wibbels et al., 1990)
RT7F I A A (Jessop et al., 2004) 2B
WT, REMNC EAL, KB 5 R
BT TREMIGEL, F0o%BAT 2
EVH BN — IR TW A, fF
ZHEFICBUTA 7 T A% I H A (Rostal,
2005) 7 4 7 I A A (Licht et al., 1985)
WZBWTD, BFAEMEMEKE FERIC RG2S
WBELAICT A NAT O VBENEAT A
TERMENT WD, —F, REAEAKD
FANATO VIEEEICH LT, Jessop el dal
(2004) &, WHEORERLT F 7 I AR
FARADTASAT T VBT MEAR
RELTERWZ E, FARETEHZRE 2N
HOT+ Y I A XAOWAROIEET XA P AT
VIREIIEFGRETH L 2 L2 L Tw
bo INHOFERIE, WL MDY I 47 R
DFANATH VREE, KRMENCHAL
TEDRIZBDT B E V) BB ZRL, R
MG IFABOT A P AT O VL
ERBETHDL I EERL TS, Owens
and Morris (1985) &7 A b A 5710 v O%H]
EHRLI20, TANATO Y EREIRR Y
IHACHEHT LI EICE ST, KREITH
WEREINDLZEEFIHLTD, T2, 7
YTRRAT IAAORERIL, KRATOZHE R
FAMATOVEED FREEHIHRET S
CEDPFEEMTTBEEIN TS (Rostal,
2005) CNHEDZ ENL, FTAMATAY
PHED WM R BATE 2R T 57O EE LRIV
EBUTHLI PR SN, HEOBHIREZ TR L 7
DOIEE LTHNTH D LR A D, AFEIZBNT
O E Lo B RITICBITS Y 4~ 4 HEolsE
TANAT Y VIREOFHEEN, BEAFONTERE L
—HLTHEY, ZOL)BEHTY I AFIHMEL
PR THDLENRZ D, LT, AEICBNT
20074E DR BITH OB RE b LITXG L2220
TNV—T1L, TANATO VIBEOWNEHEEID b,
TN—T APEER LR THY, FVv—T Bl

0.45
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REAGEAETH L L ZEMFTTBY, TAMAT
O YOI T 2 RN A=A —Thb L
WX he LPLENSH, TAMATR Y RZEELELT
IHARREZHE T 2HG, T TE 5 IRHH %
FHINCRE S b 2 & RMENER OB X 7 EORE
WH 5o

ZZT, MVv—7oEWE, RERBLVTE &
EOREFNZRBEZIEKL, ZhozHviiEo
PESCA D E 2 Tz TR, AVEE & Rk
AEEOBTEELALN, ERELZHES LTlH
EXGTHIEIETELh o7z RERITEAEMAKE
KA ROICEBEITASNT, WEERD A
LNIRD o 7225, WHEOMHO—TIZIEF ITHH L C
W7z, Limpus (1992) &, M7 L—1t2NY T Y =7
WCEBT 27441200, RBOES#HiHEL L
THEOEPEAREZHET 22 EAMFETH D LG L
Twh, %72, van Dam and Diez (1998) & Limpus
(1992) D)% NTH Y THEA BT 5276/ kD
AL ORI L-HEEZHHNL WS, L
L, RHIZETIEILR DR S5 6 MW U 72 1 % 11751
TAHIEIIWETD 5 720 ABFTE & BEAF OAFZEHS R
EDENIE, FNENDOY A <A DPERER R BB
GLENEL R > TWLREREFERMETHD L
WY ZEIREFLTWSEEEZ OGNS, £2T, AHf
ZTIETE (HHRICH T2 HBREOLE) Lv)H
e b LI L X Lo e 2 A, R
R & RBGAEARD - THEIZIX 3, HiFED TE &
0.35LL k., #%#H®D TEIZ0.33L T CTH o720 72, K
PAEA & RBGAEAR DO IMAE T A b AT 0 VIREX
13.9 ng/ml £4.6 ng/ml & BFIEAERD 234 E125E <
(Tukey-Kramer multiple-comparison test, p < 0.05),
ZOZENLD TE I & 2 e il ik oo H) 51 13 A # 27
FICHEMTONZDDTHD L VZ b, HEOVERM
RS AL LT, hT A MATa VRED
WE R NS 2 WV CEER RO ERE L BT 5
JiE: (Owens, 1985) % E03H 5, L L, WIio
FHED BRI E Sz ETh Y, EnDIORE
PZBBTINS OFEIC X BRSO BN T
Hbo —J, RWIETRAMRI: TE #fEL LzHi7z%
H T, FEI2ER % <, R 2 B R Bt
DUER =0, D DV 2 B (i 2 A F B T
BELTHRTH 5.

F2E MOMEIXFSTF—IL—17BBREDEE
TENETIaNRE

NTERINZAT 9 7200120, FE AR O 2 & Bk

TRz EN L, Th o OfifkzZENIIZERIESL T
EDNEETH D, FFICARFEOMEOFEINEIIL 2 ~ 34F
1 EEHREHEENTBY (Marquez, 1990), AT %
FEIZ BT L 72 R ThH > T O HAERR I
TEEWVWEEZOND, LT, HERGTOM
OEFEHMEZ W SPICTHIEDEETH Y, Motk
FIVEVOHREEIPHEDOFEEL OMEZFRDL Z &8
VETH DL, R, BEBICEAHEOMB T,
IANTTF =N =17 BIIREA T T4 FER O
EEYTH D (Kime, 1987), TRHIHIZBWTIT X b
T IF = =17 BIIIIFIERAS R T 5 5 —HMTH 5
ZeEPmesnTwD (Ho, 1987)0 7 I H AHEHOMED
M2 T I =N =17 BRI T 2%, B
T+ I H A (Al-Habsi et al, 2006), 7 57 3
A A (Wibbels et al., 1990), #+%# * (Rostal et al.,
1996) B3 X 1'% 4 <A (Dobbs et al., 2007) T3l
Eh, fAESHETICBWTL T4 I 42 (Licht et
al., 1979) %47 v 7k X7 I H X (Rostal, 2005) T
FEEINTVD, TNHORFZEIZBWT, AL
DIA LT T =V =17 BIREEIZSRBIIFNC LA§ 5
ok, EIRMNCRBAT A ERENHONE ST
Wb, T/, KRG T A I A A ar sk
WL L2, HEORERETIY =D
TWHMBEHRZ END Z EPEIEENTWS (Owens
and Morris, 1985). F72, fE&KMHETOr T 2w
IHATHRRYRICMPE T Y 2 = Y ESBRT S
CEDVHEREINT VS, TNHDOZENL, 7 IHR
FUCBIT AT+ T V4= —17f O%ENE, IR
ECTHhAETUY == v ORIl B0 56% 12
HLTWw2 ZEDREIN5 CHEOIIH 0IRTE L,
HZHEE L - TIRENOIE RENIZH %
PRR AT OIRF % &I IZREOMB O LK) DFE
ARSI LI LICLDILIET 52 LATTE S (Casares
et al., 1997 ; Tucker and Limpus, 1997 ; Gilman and
Wolf, 2007 : Lance et al., 2009). Rostal et al. (1990)
i, BIERETOr v 7e 2y I 22T, B
JPE PN D 5 B IR R IR 25T B S T B JF o SRS R
ZEHMICHE LTV A, $4, MEOBEEEED
FH 4 A (Rostal et al., 1996) 47 ¥ T A7 IR
(Rostal, 2005), filHE &M FD ¥ 4 <4 (Shimizu et
al., 2005 ; Kobayashi et al., 2006) TH b T35,
L2Lans, MPET AT IF——17 B iREICH
T AMAONITRIE, KRR OEMICESL FTOH
PN E SN T2 HE2% {, 14ED Lo RYIH
W27z THA L T FEE & BE-D 0 72601213
EAE W (Rostal, 2005) # 2T, AFTIE20064E
10H % 520094F10 B 12 TEHB ST O ¥ £ < 1
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EHWTIHETZ A NS V% — )V —17 fiREE L0 3E
EEHR, MBAOMBREHS L7,

M EFE

fEEFE HAEROATEE I FHICERLA L
BOTH D, AWFERICHCMEIEE (WHAFS, F-1
~ F-11) DR o E § £ 1341.5~78.5 cm O #i
THY, Fl& F20ERREIZNETNTES5 cm £68.4

cm, ZFNLALD 9FEHIZ61.6 cm LN TH o7z (Table.
2-1)o D 520064 F TOMIC 4 FITIINL DO FEEDS
RSN, TN 7THIIMHRE I N o/ £2
T, ARWFFEICHW 2D 5 5, IR &) R
SNz 48 (F-1~ F-4) EafEsk, Zhnlisto7
U (F5~ F-11) (EARBAERR L X5 L7z,

WEAE REARORE S L, B, K
(2006) & Kobayashi et al. (2006) 12¥#: U 72, AHF5E
ZBT B LEOMEE Table. 2-212/R L7z, filE

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

Straight carapace length (cm)

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

Mature F-1 78.5 82.9 82.4 82.3 -0.6
F-2 68.4 77.6 77.8 77.9 0.3
F-3 59.0 732 72.8 73.3 0.1
F-4 53.4 78.4 78.2 79.0 0.6

Mean 64.8+11.0 78.0+4.0 77.8+3.9 78.1+3.7 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 33
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 70.6+7.6 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
Sea water
Water exchange rate

Sea water temperature

Natural condition

Concrete tanks of volumes of 250 kL*l, 200 kL and 110 kL
Sand filtered sea water

250 kL tank; 20-50%/day, 200 kL and 110 kL tanks; 100-200%/day

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.
*2 250 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.
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KA, AN TEEA & SHIRERTY250 kKL 2> 7 ) —
N #KAE (Fig 2-1, 10 x 10 X 25 m, BLF, 250
KL 7K & Ws97) 12, 200 kL =2 > 27 Y — MEUKHE (10
x 10 X 2.0 m, PLF, 200 kL /KA L m&4) 1~ 2 3%
B L 110 KL KHY 2 ~ 4 3£ 2 L 720 250 kL A4l
AR TAANLBEOKRE SI1E, EEH13 m, EHA
4.7 m, TREA61.1 m*Tho7 (Fig. 2-1)s F72, A
TR ORI U FE T O S N I HERE L 72 b oG A=

RoboEHHAL, BOERS3IE1 m & Lz, 200 kL
KA B L U110 kL Ao AKIRIZ HRSM & Lizs 250
KL KA O ARG IEE U 72 1 0 AR T2 PE ) BT
DT 2L 5720, 11~ 3 A OO RLKIR%
25~26C IZHERE L, ZNUA O IZ HR S L L
FOMOFEFLMOFML, &1 BoME L o f
BHEOHEISHBK LB THY, T TIIHMEL
FHICREIRT B0 BRI VTR oKl HRGEN &

&

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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L7 PRI, BEY Y IVHIE DN Y LA 2 RS
Kl h ¥y s FA T eI AZH, B
AMERDRED 1 ~2 % ZHMEL L, A3 1AM
720 3~5H&L7

ZREETVOHRE RERABROHEZ, 61 FEOM
BEFEORRTHEOHEISERLZEBYTHY, =
CCIIMEE 2 i HICRLIRT %o MEHEIZ B % O KA T
HL, 3~6HOMIEMICHED KR L7
A L TRERBR T ITo 720 KRATENE, HHlLE

TANRATIZLDBEET o7z RBOWHIE, H1
BCREIHETE2ZTELr B2 EERT 5720,
MEDSAS )RR PEIR L 72 2 s & Lz L L,
AREICIEIAEE, Fk (2006) OFEFISHE, WBEWE
TWEE I L > THEOIEREN 2 B2 L (BlgE 3tk
BICRH L 72), ONEREE (U3 S PRI S 7PN F I
JPE g (albumen) & PPk (calcified egg shells) 2%
TRk & 7201, oviductal egg) O M THIN L7z (Fig.
2-2)0 bbb, RBERICHEO NI A BlEE

2006Apri12

2006Jun01 09:48

Fig. 2-2. Echo images of vitellogenic follicles (upper) and
oviductal eggs (lower) detected by the 180PLUS Ultrasound
System. Vitellogenic follicles were identified from the echoic yolk
(arrowheads). Oviductal eggs were identified from the echoic yolk (Y),
anechoic layer (albumen, AL) and echoic ring (calcified egg shells, ES).
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SNTEIIRREY), BlgEShhed - EsE
Lelee Lize ZRBITHDY L 72 ME1X250 KL KA 12 BA
L CRESRITE) 2 BiZE L 72, PEURTEIOBIZIE, 2150
MERELY 7+ 7 25 (ICD-878, ith LiifEkE) %
v, ANLHEOTE) 2 24K Mg L, Tolgz 7o
Fla—%F— (AV-ST004W, YA T4 A -7 1)
IZEeFk L7 (Fig. 2-3)o W7 — 41, RHWAELT
FEIROHMAE MR L, BEIIH ZHE L7z,

BEREEZHE RO ZELHRL -0, BEEZH
#9 (180PLUS Ultrasound System, ¥ / %A b -
TxoNy) BHV, 7~30H MkECHEOIEERN % B85

L7zo RWFFRICH W BERBHEEIZE= 5 =28
fHE LAk S BE A R2E5T 5 70— 7 CTHER S
NTWb, BIEIZIRD X 12T -7z BN, KiE
5 Y 505 72 M % PR AN 72 S 7R A I
L, KB THREEOMIIRY SR T T -7 %
YCTHEENEZBIZE L7: (Fig 2-4). EIRHILAME,
A 2 5 B $50F 72 M % Rl A4 o RISz L, #
OB E RSO 7V Btk s 7 7,
WHITZ JR) 2#%filL, FOLr570—7%4T
THE L7 (Fig 2-4) 70 —=7Hh 550N HIER
OFEHITE=F —LicT oML LTHERENS,

A
TR

II

S

: AEALS

e AT AN

e e U AARA NG 1
et b A ODARAATANEINSBISIRINNS NS

AT T Y T T T T Y T 1T L

g O R
4044 AR IBIGBANEANY:

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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PR D IRFE 1L, Rostal et al. (2005) DO MiFIZHe T,
GERa & IR X 4 L CBigE L7- (Fig. 2-2). JED
FEEIREBOIREEE LT, Il & il o R % P &
NTVWBLEFHEREL HCTHE L, &b, 20
ZEE CIITEAELO cm KiFOINNLIZFER T E 2o 726
Rm&ERIVEBE MIEHOMBPELZ T Y
F =V =17 REXWET S 70, HH 1 HHEim L
Too FRIMBFEIIE2EHE IMHICRHBMLAZEBY TH
bho TAMTIVF—N-178OWPEIE, Wi BML
WZHKBEL, 7—F7 27 M AMNITTVF—=NF Y b
(ARCHITECT Estradiol I ; 7Ry b Y v 8y) %

AW/ CLIAEICE D L7ze ZAMT V=L~
17 B W E &P 1X10~1,000 pg/ml, K7ZEISFEITT
A ba UA30.11%, T A bTF T4 —)V—17 B 3-sulfate
290.7%TH Y, TA MY F— )b TSR
Manzdoiz

ERROAE MINHOEFRRERIHBH 1IN, /¥
(MA1270BLUE; Haglof Inc.) #H\WT0.1 cm HALF T
WE L7z BEOEHFRIZZOEDLHOTFT =5 & Hw
Too ol AWIFEICBWT, BB TIRFD20094 1 H1Z
Bl HEHED SRR 020074 1 2B 5 EH
EaELjlwiliz, REBEholER L ERL72.

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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S

TREEM BT F-5205 F-110 7 BT
WL e otz b, KERBICIE 1205 F4
D4 Z M L 72 (Table. 2-3)o F-11320074E5H 29
HICZRRIZHKT) LT 3 MO EIIAEILE S /=A%, 2008
AE L 20094 1Z R ICRML TSN L 2 2o 720 F-212
MBI IR O IR L B SN b o720 F-3IE
20074E 5 A17HIZRRISHKDI LT 4 nl DRI 8igE
N72As, ZENDHOEICIZRRE S IS BgE S s
5720 F-41320094E 5 A21 HIZZRBICH Y LT 3 |l
FEINABIEE S N2, ENUSOFEITIERED I D
BB SN h o0 ZWRBITIKII L 2B O MEME D 2 RRAT
B, K ICEM LTV 52y, 5 WIEHTH IS
Do THIRLTWHMEI L, HESSEHR,HHAE LT
RREL7z2e —F, RBIZEKRLGER, HEXEDOT
BOEET B E, MEAHEOFITHRY Ko TR,
HVITEHE L TR AR T 2 1TEi AR L, KL L
TRREIZHER L 72,

EORE AUIEICBNT, JO3ET F1h
5FA4F COAETHER SN, FH5H7 56 F1IO7HT
B R SRR S N d o 2,

F-1o8Pllg o582 3R Bigt S e (Fig. 2-5), HF
1220064510 H 20 & 5 % 12385 L, 20074 1 A5 3

HOBIZBIR SN o7z 20074E 4 A CESIIlE
+ FEHERE, 1.71 £ 0.10 cm) ICFHOWIILAHERR X,
5 H25H O3 £E122.00 = 0.22 cm 23E L 72,
ZLT, 5H29HICRRIKIIL, 6 H22H IZIRzkIp
CEHIameE + fFRlEfFE, 3.66 £ 0.21 cm) 2%
i, 8HA3HETHOMMIZ3IMoEINIEHESN
720 FEINIIRC T RICBIZE S N2 PRI AR 2 LB L,
20074E11 H 2> 520084 3 H O F4I It (= B
#) 131.50 = 0.05 cm ~1.83 = 0.33 cm O HiPH % i
B L7 20084E 4 H (CE¥HIRRafE = BEMEfR 2, 1.66
+ 0.04 cm) 25 OIIIBITIGE L7228, RRBITRK
L7270 S v, SFHIaRix 8 A
A CPEIRlaft + B2 248 + 0.23 cm)
WZELz. 201, PIIXEH L CT20084 2 H 213
Al CPEumlusgt = BEfZE 1.69 £ 0.21 cm) 12
E L 720 20094 DI FEEL, 20084F & [l kR O AE]A)
R L7z

F-21320064F 12 28R I E L CREIN L, ik o gl
HBHET L2100 F TINRIIPEZE s iz, £ LT,
20064E11H 22 520094E 1 H oM, Jiigid@igish
97, 20094 2 A CPFHURaeE = B, 1.22 = 0.32
cm) ICHUINRABILE S, 20k, eI
EFEFE L7278, RRRICHM L 7272 0 (PRI IR &
g, FIHIRREtE 8 HICk A CEEulufE =

Table 2-3. Summary of mating and nesting of mature female hawksbill
turtles from 2007 to 2009 in captivity

Year Female Development Mating Nesting
of follicles period Number
2007  F-1 (@) 29-May 22-Junto 3-Aug 3
F-2 X failure — -
F-3 @) 17-May 16-Jun to 2-Sep 4
F-4 ¢) failure - -
2008  F-1 ) failure - =
F-2 X failure = =
F-3 X failure — =
F-4 X failure — —
2009  F-1 ¢) failure - =
F-2 @) failure = =
F-3 @) failure = =
F-4 (@) 21-May 20-Jun to 13-Aug 3

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.

#FA, 2.30 = 0.09 cm) (23 L7214, EBHi L7 (Fig
2-6) .

F-30 0%, 20064E10H % 520074 2 H £ TOH
B s N b o7 200743 H CFEIlaE + 12
HfFZ, 1.64 £ 0.03 cm) 2 HEA IR FEEL,
5 H25HI PRl sg (= FREfRA) 131.91 = 0.21
em 2L, SAITHICKREIZHEI L. 5 A31H
WZOERIN GRS OnE IRt = BRdEfR 22, 3.79 = 0.28
cm) 2SERREN, 9H 2 H F ORI 4 oy
DB E NIz ZOBITEILE S NI B80T R
L. 20074F12H % 520094F 1 HIZh 0 TR IRha 238152
SN oize ED%, 20094 2 AICH IR A BILE
Eh, FRAICEELLZLOD, F3dXRICKK L
72 OINBRINETERL S 3, PP IX10 IS Ho il

CEEuilas = B, 2.29 £ 0.18 cm) ZEL
7z (Fig. 2-7)

F-40 IR 1E20064E10 H A & 15 4 1238 %i L, 20074
1HAH»S 4 HoMIZEIE SN h o 72, 20074 2 H 2
LHMEZELZbOO, RRIZRKL 722 &9 505%
JHIER S 3, 8 FITikAfE CE¥INaE +
W7, 2.20 £ 0.21 cm) 123 L 720 Z DI B4 L,
20074E12 H % 520094F 1 H O BIXIRNE A EREE S e A
5720 20094F 2 HICH OIS BigE s, 5 H21H%E
BACHEIIL, 6 H 1 HICHN@RI RNz +
#fRAE, 3.37 + 0.15cm) PRSI, 0% 3O
PEIRATERE S 2 (Fig. 2-8)

MFETRNSTA—IL—17BBEDEE F-1oim
WX AT V=V —17 B, AEBNN 2L H)
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Fig. 2-6. Relationships between development of vitellogenic follicles
(a) and changes of plasma estoradiol-17 f# concentrations (b) in female
(F-2) hawksbill turtle. Open circles and closed circles in graph (a)
indicate mean diameter of vitellogenic follicles and oviductal eggs,

respectively.

#mr L7 (Fig. 2-5) T%4&bb, 8~10H IR
& (10.3 pg/ml ~12.0 pg/ml) ZxRL, FDHKITHEA
WCHREAEIL, 5~6 HiZ&&fE (101.2 pg/ml ~
1604 pg/ml) 1Z3E L7,

F20IM3ET A b5 I — 0 —17 BiEEEX, 20064F
10H 2> 520084E10H £ TOMIIIEE (CFEEE +
AR 7% 20.0 £ 12.0 pg/ml) THER L 72 Z L
T, 20084F11H 2> HuEDsEm L, 20094 6 A IZHm s
i (111.2 pg/ml) 2L 728, S3iimd L7 (Fig
2-6)

F3DIMETA NI I+ — 0 —17 piEEX, 20074F
1A (43.2 pg/ml) 2 5HRESML, 4 A (113.8
pg/ml) IZIREMEISE L 72 ZOHRITABITEENK
T L,20074 9 H 2520084 8 H % T@Faﬂ AR CF

Wk = B 175 £ 4.8 pg/ml) THER L7,
%@{ﬁ 9 (31.6 pg/ml) ﬁ’%ﬁ(ﬁ%lﬁﬁﬁébﬂb
S HiCHm il (104.7 pg/ml) 2L 72, ZURIZHK
1L 72 (Fig. 2-7)0 FADIMAEL A 5V F — )V —17
BIEFEDET Ny — i, F-3LFOMEMZRL7Z
(Fig. 2-8)

Ul X9z, mPER4HEOMFET A NS V4 —
)l/—17130§}#6i8~10)§ ZHOmMLIZ LY, 3~8HIC
RKIREIEL, €0RBDT 27—V %2RL7,
ZLT, ZOEKT LY Z0I3EKICE > TRE ST
BY, F10) XL EERE I N, F2~ F4i
WAETIE R, 2~3FMBETH o7z —H, KBk
ik (F5~F-11) QML AT I+ =N -17p %
L, BRI IGRE (Fig. 2-9, FHRE « &
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Fig. 2-7. Relationships between development of vitellogenic follicles (a)
and changes of plasma estoradiol-17 f concentrations (b) in female (F-3)
hawksbill turtle. Open circles and closed circles in graph (a) indicate
mean diameter of vitellogenic follicles and oviductal eggs, respectively.

R, 181 *
b%h&ﬁ‘o fx—o

9.0 pg/ml) THERE L, FHiZLEIR

z B

JEHHEIZBWT, TA T IVF— N —17 B3N
BT B8 TH D LML TS (Ho,
1987)0 1T & o THFIE CHNEERIEKM L CTH 5 ¥ T
OV UAEREN, IHHMET %@ TS
CHEIENTHIE Y Ny AR E RS, FLT, B
NIRRT o TRET S, 7 I F AFHOM
WA ST T4 = =17 piE L IO I ZEDO R %
1D EOEMMICh 2o THAELZHGIZIZEAL
%\ (Rostal, 2005)s ARWFFEIZL Y, SHBFELRMGTOS

A=A Mo 3EMORMMICH -2 I BOFEE S —
VEMBMIANT UV —V =17 BILEEE OB E RO
THLPICT B ENTE 2, RIEHEL 7 BHIZ, W
FThBFWE P OMEL A SV — )V —17 iR
KL NV THER L CREIAR IO b e o7z,
F72, UL A B CHSBTAZ LN TER
Polze THUTH L, MEAMEA 4 BHOMBEZR FF Y
=V =17 BRI 5 ~ 8 H AR & k5% Bk
L7z0 REMICMHFDOITA NT V% — =17 BIRIED
EATZEVI BRI, A LMOH DT A 3
# A (Wibbels et al., 1990) RFABRLTFTOr 7
A 34 A (Rostal, 2005) THEIZLINTEY, AW
TeDOFEFL, oML —FH LTz, 7, I
DIGFEZIMAFEL A NS TV F — v —17 B iR &
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Fig. 2-8. Relationships between development of vitellogenic follicles
(a) and changes of plasma estoradiol-17 f concentrations (b) in female
(F-4) 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. 2-9. Annual changes of plasma estradiol-17 f concentrations in
immature 7 female (F-5 to F-11) hawksbill turtles.
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BLCTW7e25, FEENSHER S NIRRT ~3 74
HEi DS THY, MPFLA NS TF— V=17 fiIRED
FHREENE D B o 7o RRFZEICH 7B W
EETIIEEL cm D OIIZEN TEX 2w & h
5, PNEERBIIAREO/NS ZRIIEBIRTE v, L
7235 T, AR CTINROFED TR S K X
bR, IEOREIFRRE 5 TWedd LA,
MAET A N5 VF =)V —17 BIREDOBHS X 0l
DIEE LBHED Y X 21%, F-1TIBAEBIEE S 7278,
F2~F4D 3 TIZ2 ~34EMBTH o 720 A%
TERRBIZERBMLUTEIIL 2h o 72BHI2H - 7272
B, TOYALEEREP LT LI LD TE RV,
F2~FADY) AL ZHED Y 4 < 4 OFEIEY 2 ~
SHEE—FHLTBY, FMELEMHTICBVTD M
Rl U CH 2 etEd R S iz, F 7z,
F-10Y) AL RFIETH 722 25, ARG
T HEENEA L TWDS, SRR A BB B LIC X
S TEDRENDVHIBEENTHREDONE LNk,
RT3 oOMTENZEN 1 B, W
b5 HizBlgshs, ZKReEd (2~ 3 H#i) o
WIIaEE32.0 = 0.2 cm T, T O#PHIZ1.7~2.6 cm
T o7zo WHILHASE T L CTINLA I T % R Y]
I22W T, Rostal et al. (1996) & P rp o> 32 PR ]
BASI0[ BL L+ 7 A%, MEASEIIEEIC R &5 5
BSOS BIZE T LTWA EHME L TwWb, —,
Wibbels et al. (1990) 1ZEIRHEAT 4 ~1001TH 2 7
A IHARTF Y IAATIE, I % TN
WA T 2 L A BRT VD, TS DRI,
Y I ABORTHHIC L o TIHIBRASE T 5
HICIEE DD D L EREL TV D, AFIZEICHW
725 A< A DEIRMIZ6~9 HTH Y, FEINHEIE 2
~4MTH o7 KRERMOIINLEIEL.7~2.6 cm &
KB 2 OBl S, LA NS VF— -
17 BHEEE 6 ~7 HETRWIREZMRL Tz, 2
NODKRENS, ¥4~ OINEEIZ, FEINMIHTIC
ETHETIILTES T, EIWHA S Pl £ TRk
LCTwa LR SNz, BRENZ &I, KRISERK
L7236, PRI s R I IR & 15 4 128K
L, 8~10HIZwmKIZh -7z ZOHLIZ, JPILIEHE
PENFTICHARZETOT FE, MHPICFHINTVED
Yra Y=Y 20 AA TR ASEST L, Bl
BN L 2/ R Th B L Sz, 2hid, o4
~ A OIPE TR AEII I Td > T H H#EITT S
P2 RET LR TH S,

AR DOMIEET A 5V F =V —17 B, %
ROBECrbLET, 6 ~7HAPSMA L7z, #EIN
Wcmpr = A N5 D% — b =17 BIREDAPT 5 2

L, HEOT7 I A (Al-Habsi et al., 2006),
T H A A (Wibbels et al., 1990), &4 # * (Rostal
et al., 1996) BX % £ <A (Dobbs et al., 2007) T
WMESINTBY, WEFRETOr T Xy IHR
(Rostal, 2005) %7 %+ = 3 # X (Licht et al., 1979)
THHBINTV D, IS DR EL2 S, FEI
L T |2 S N R R Wl B 2 i el
X, BETHEPHAFEINTVDINIHhbLT, 7
IHAFCHBELTCALNLBRTHA ). —H, I
N 81, ZRIZIEII L 723 A I EIR AR T 12 (7
~9 ) &, RRIZERLAEEAEIE8 ~10H1C, #
NENEIBEIN, ML A NS TUF— )V —17 B iR
PR L7 DI OKRKE S5EFE SN L T LT L
C, AlHabsi et al. (2006) 1%, We#h L 729008 % #E+§
FTHDIZ, TANT VI =V —17 BIIMKEE T4
ThdrEw) T %, —ODWHEEE LTRIBLTWY
o LDL, AWIETIIHREAL 2R E MRS 2720
2, MAET A NS TVF— V=17 DB NE ) v
AT ERWSPIZTHI LI TE L Do 2D E
ZHSPICITBH72021E, TANTIVE—V-178 L
NOTEKIEE A VEY R Tar 250y, MhoEs
0¥ = ViBER EOBREICOWT Y RELZIT) L
B 5H

EIE BHERHTICET R34 DHIELRE

FHE T TOY I A AHOBHEATRIZH T 058
T, 747 I 4 X (Simon et al. 1975 ; Wood and
Wood, 1980) %47 ~ 7t X 7 I 4 X (Shaver and
Wibbels, 2007) 235\ T RIS S AL 3 A3 HF A A i
ERLDLHPPHMEEIN TS, —F, §4 AT
i, HAEEOEIRTEIASTITbNLTWw5
2% (Witzell and Banner, 1980 : Limpus et al., 1983 ;
Bjorndal et al., 1985 ; Wood, 1986 ; Moncada et al.,
1999 ; Pilcher and Ali, 1999 ; Hitchins et al., 2004 ;
Xavier et al., 2006 ; Rérez-Castaneda et al., 2007 ;
Kamel and Delcroix, 2009), % 4 FI2B1) % A FH
DRI LTI, BRI TORERFLIIC ALK S
N7-#i51d 22 v (Shimizu et al., 2005 ; Kobayashi et
al., 2006), F72, AEOZRIZE L TYH, Marquez
(1990) AEFAEMAOHEF LY F Lo, HiEH O~
vV MIBISBIR IR LI MG LrkL, MEFES
7 Tl Kobayashi et al., (2006) D LAMIAZE
ENTWiWv, £2T, AETE, SHFRMETICBET
554 <A DERHAEREIZONWT, 20064E20> 520094F F
TORBWER, IV, IR, IS L OS5
BIZOWTHD FLHAHE LB, INFTHESN
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TWRIAESY 4 < 4 OBFEARE L L 720

mhEFE

HEEE SRR AT HEIIE 1 B2
EBYTHD, RWIZETRIBABIAEH U 7= HUE
&, WIS Z FETEY L7z ML, AiEICRRAT
BhE R LR E M L7 ze ML, WIS c
L BINROBIGE T (BIEEHRIE, B2 HEOMEE
HEOBERZHOEHEZI), 1~ 3 HIo%
FEDHER S N7ABRZ M L 72 R0 EH R iX
J ¥¥2Z (MAI1270BLUE, Haglsf Inc.) T0.1 cm ¥4
T, KEIFZARIZDY (DS-1008, KF##E) TO.1
kg HILE T, 1~2 7 HBECTZENRENEHIL 72
B, AMETREED L AICHNELLTF—5 22D
EoOMREADORE X & L,

HEFE RABEAOME koM, F1=E
DB HFICRHIR L2 BYTHY, T TIIMEZ
FHICRLIRT %o BIE ML, 250 kL A8 1 2, 200
KL KM 1 ~ 2 335 X 0110 kL KAl 2 ~ 4 JL 248 L
720 FIH KR, 250 kL KA T11~ 3 H O DA
K% 25~26C \ZMEFF L 72 DIAME, & THRSMFE L
72o MRMNI VT NOKME S HRGME Lz RN
BEE T I VHIE NI Y AF R RE SN Y 7T
AvexvARL L, fMERIIIEREAOKRED 1
~2% %L L, HBRLAMDZY 3~5HEL
72 (Table. 2-2),

XREEMVOBE RABIE, 20064F13250 kL
KA TAT v, 20074F DL R 13110 kKL KM TAT - 720
20064F 13 BE3h L 72 ME 1 B & M 3 UH % JE4E Al e & 8 C A
HL., KIEHEEZDH D 2 DODEIEEDND 2 B O
Y74 25 (ICD-878, {b Lilfghk) TRIENO
T % 24 Mo L, FOBUE T — % 2 7Y 7 vl a
— % — (AV-S7004W, ¥ A5 A4 T4 - 74) itk
L7 (Fig. 3-1)o £, W§%FHA L TRRBITH
REEH, RERMZ &2z 200745 LD R EAT
BoBlgd, £1 BN L HEoRRETEOHEIZH
WLA2EBY)THD, KR L2, PESI &
7o B N LR34t L 72250 kL KA L, EIRAT
e Bigt L7z, B, 2006413250 kL A% Ctf 2 58
PRBIEII L7z 05, 5l &k X EI TEIOIER
AT o720

FEIATEI OB, 2HOBERELY T A AT
TANLHHETOREITE) 2 24 Mo L, FEUIH 245
EL7ze F72, FEINRIROINRINOA % RS 5 72
W, WBEWBHEEEZ VT~ 2 B8RO E T
MEWEN 2 BIEE L 72 BB, ABFFECIE, FEYREL (clutch

size) (ZME 1 MEARAS T W EESE L7250 %L, #EIN R FR
(internesting interval) EMEIFL7-FH A HEL T
RIFOFEINAOFIA T TOREK, EIRELME 1 A
HLEOREINENCEII L 221, & FnEFNER L2

BIETE & SE ABFZETid, I EE AR L
W BB L CREIRH E > THEINY A4 L KN T
PR T AGENBBIN/ 2 L0, WiE T EHN
(nesting), #%# % KAHIN (release) & EFL 720
NTHFEEIZREI S =00k, BRI E LT, &R
LTI AR L 720 €Dk, b7 7 4 N — %
i (KTX-100, 7 v a—) #HWwTINIkE 4T,
ECTHRZ 29N OIERR A O BIREE D 5 I 0 458
ZHIWI L7z P80 ML 720 HIECAMERR S N7zl %
B&, BRYOIE TS AFy s meG (EE2 X B3
40 cm, TOS003, AT Y) IZINAEL, EHEA
TSRO CTHE U 7zo IR HR OULEE 2 — & I2PRD
72, fHigs (K160 x 58 x 62 cm, SSFR-116,
WIS BN OFICIIRINE LTI AT v 7 B
RERE L7, L2aL, HRBSHATE 2oz 24
TliE, avy7FF Ry A (NF61 x 31 x 31 cm,
YRy 7 A #75, W) IRk EIZ Ly =%
—N2XOEGEEE HEL, TOHRTIAF v 7%
AR L7o, i CEMT 25513, ENRE Y
20C ICHEFR L, MEAIREEIZI00% UL B2 b X 9 KkE
Ko ANTHIRE ENICEHRE Lz, [HRETERT 5
Yifrid, KimZ29C ICHER L, WEREI DY, W
OFMZ 1 HERERXTROEZ. 2B, 5E®
WP L2 1 HEIcBW T, BENO-DETF
THRTOREINE L ETE Doz, ANTLiE
TEZFOT AT TIEIL 720 AT SU % I
DR, Y LRBENICEI N Y T
WM T LD, HEIRNL 4 ~5HEMKE L 5
ILIF T ADERERZFTY ¥V ¥ A (CD-20PM, 3
v E) #HVT0.1 mm B FET, KEZHEEIHPD
(HL-300WP-K, =— -7 F-5F4) ZHwTl1 g
HALF CERINL 72,

METLIE RO BERER L OMKREICSH T
FEIIELE OMBIEE T v Y HBREEE v, K
R, PRI X OB I & 5 EER & oMHBIIE A
Y7~ VR BRERE 2 v, WIThoOBE0E
HOKHES % THRE L7z. F72, EEINERKR I L OF3.5
63, SMUFT X OTHERES X O PFHREOLT)
i, 7 AN - T=) AREER IV, GEKES %
THELZ. &TOMEIX, FitEV 7 b (71N
2002, ~7uv 7 h) OF K4 V7 b STATCEL2 (4
Steps L7 € IVHERl, +—T AT AMM) %MW TIT

’)f:o



FHERUETICBT S5 1< 1 Ol 131

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).

B R

TR EMEI Table -1 &HEITZRBITKIY L 72
AR DM A G b & ZMEOE R R MEE (K4
D1IHOTF—=%), EH, KEMEE X ORI
ZRY o 20064E1% 288 (F-1, 2), 20074F1% 2 B (F-2, 4)
B L2009 1 1 T (F-5) BB L, I L 726
F 72, 20084 (20 1 MR (F-3) HSRICSHE) L CiE
I 7243, BEORIRIHISE T L2720, Zofifko T
— ZIIARWFE T L 2o 720 ZKRBIE, 20064E1%
4 H24H &5 H 3 HIZ, 20074815 H17H £29H 12,

20094E1% 5 H21 H I @lgE s 7z (Table. 3-1). K&
DR (= BEHERZ) 1390 = 43.0% (n =5) T,
Z DHPHIZ50~15053Td - 720 20064 13 2 5 (F-1,
F-2) BRRBIZHIIL, ZOHk b Mk LTl & [F S
WA, WAL ICFORITHELREET, MRE
LTI nolEd sRRmEIIsRISED) L7z 1 [
DA TH > 720 20074 LA IF110 kL A TR
WL, HEERELZZ L SRRKIZVTR
H 1RITHo7,

FAED KM DO FEII OB E % Table. 3-2127R 7,
2006~20094F (2 M 4 EARAIPEIN L, F-200 Al 2 4E 5
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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 Body '
carapace . carapace . No. of Duration
Ind. weight Ind weight Date . .
length (ke) length ko) times (minutes)
(em) * (em)
F-1 77.3 69.7 M-1 82.6 752 424 1 70
2006
F-2 829 712 M-1 826 752 5/3 1 120
F-2 829 66.8 M-1 82.8 772 529 1 60
2007
F-4 732 550 M-2 732 46.0  5/17 1 50
2009 F-5  79.0 632 M2 742 458 5721 1 150

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 5th 6th
Year Ind. Days No.of | Day No.of *, Days No. of “ Days No. of “ Days No. of " Days No.of "
after mating  eges Status after - Status after - Status a'ﬁer - Status after eigs Status ' after —-— Status
1st 2nd 3rd 4th
2006 F-1 31 137 Nesting 15 168 Nesting 21 Unknown Release 14 156 Nesting 21 Unknown Release 2 Unknown Release
F-2 33 114 Nesting 18 162 Nesting 18 173 Nesting 2 Unknown Release
2007 F-2 24 131  Nesting 21 132 Nesting 21 153 Nesting
F-4 30 86  Nesting 15 119 Nesting 17 116  Nesting 46 100 Nesting
2009 F-5 30 126 Nesting 17 139 Nesting 23 Unknown Release 14 162 Nesting "2 Unknown Release
Mean 29.6 118.8 17.2 144.0 18.7 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.

FCHEINL7-Z 056, A5 FONBE I NI, #
R BLEAER6N, KHRIR O HEIEAE 6 I TH -
720

RO WEENFE TOFH AR (= EHERFE)
1329.6 = 3.4H (n =5), ZO#iPHIZ24~33HTH -
7z (Table. 3-2) FIIEINLLRE D V3G RESH I B (+
W ZE) 13209 £ 9.7THI (2 =9), ZOHIPAIXIS
~46H [l Td > 7= (Table. 3-3), M FH & i L
T 2 R 46 H I o IR FS 1, 20074E 0 F-40 3
FIHE 4R HOEBPERTH Y, 1 FIlOABIES N,
CORE®O 3MHE2S 4 MHOEF COMM, BEk
TWTEEE I X IR DB 2T -72L 2 A, 3 A

DOFEIRR IR S 72PN INE 13 0 #% & CIIAkRE T &
ToAS, 22 1 EBIERTE R Y, 26HBICHY
PHFRINATRERE S, 46 HIRIZPEIRICE S & v ) Rl T
Holz

FI I (£ BEHEfF2E) 131359 = 25218 (»
=16) T, T OHPHII86~173M T - 72 (Table.
3-3)o FEIMEMAD RS X OKE & I L D%
% Fig. 3-21TR" 7, EINMAKOE R B X ORE L
PO, AEZIEOMEED bz (HHE;
r=10.55p <0.05, fK&E;»=0.71,p <0.05)-
SRR (= PR ZE) 1, KPR AN Bl
SNk FEBZ R CHEE L2225, 35 = 0.7
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Table 3-3. Summary of nesting of captive female hawksbill turtles from

2006 to 2009 during the breeding season

Mean + SD Range

Clutch size (eggs)

Number of clutches per female”

Internesting interval (days)

135.9 + 25.2 86-173
3.5 £ 0.7 3-4
209 + 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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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 (z = 16, see Table 3-2) were observed in
the breeding seasons from 2006 to 2009.
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Fig. 3-3. Relationship between the number of
nesting and clutch size of each captive female
hawksbill turtle. The data were collected during
the breeding seasons from 2006 to 2009. Different
symbols indicate different females which laid eggs.

[ (n=2) T, #O#iPHIZ3~4ETh-o72 (Table
3-3)o F7z, EINMFICH T D ENEITVTIOF
BHZBWTD, FMEIRLD 2R HD KL -7
(Table. 3-2, Fig. 3-3) =D %L, MAKIZEX - T,
SO ICHEIIBOEMT 256 L BT 2581200
720

AWFZETRIEE S N7KRPRINCIE, 225088 — >
BELNTz. 121F, ALHEIC EFET 23 00N
WZIEE ST, TOHRETOINRINATKENIZHH S h,
L2 2 ORHINE I R cBlg S b 88 —
T, 33 (Table. 8, 20064 F-1: 3, 5[HH,
200940 F-50 3 H) A BgEs iz, b9 —2id,
AT LRSS 2 2L, RUEMICh->TH
TS OKAENIZBEN L, L2 ZEDKAFHINIIEINHE
BICBE sy — T, 336 (Table. 3-2,
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20065 D F-1o 6 M H & F20 4 [ H, 20094F @ F-5
OS5 NH) PBIEIN, BEEDIREEE V2
JPENOBIZHERTIX, TIZEOHEIEIKFRINL ~4H
BAIIH 72 % IR DTE R AR S N7 s, BB DY
BN 72 2 ORI RS S e o 726

AME  2006~20094F 125512, 174 O IR ASEETE S I,
B RHASEKR DT XA D% &7z (Table. 3-4). 4316
FOEIDH B, & SMEL R o 72HFIH 1 M, 5%
D 15E DOHEBFTHIL L 7AF 7 2 1E 1 ~83 kD #HipH <
ol &l D A (£ BHERFZE) 1321.9
+ 13.0%, ZFOHIPHIZ0.0~67.2% Th > 720 KEWF
I, FEYR AL IS & OVBEIN %L & SbER oM % #7225,
HEAIFBOON Do (p > 0.06). T/, LY
FE L 0P sfes (= BEERAE) & 1EHET
1317.7 = 281% (n=5), 2 H223.8 + 25.4% (n
=5), 3MH2B3.0 = 280% (2 =3), 4MHHTIZ
19.1 = 185% (2 =3) &, 1EHDS 3EHIZH,T
TIRAFHSMERIE EAL, 4BEHTRT L, L
»rL, TOEBIIAELRETIBOONLDo7 (p >
0.05),

EAMUFATAOTVHERE (£ BH#EHEE) 12375
£ 1.7 mm, ‘PHAERE (= B#EFEE) 13129 £ 06 g
TH ol EINEIE T & DSMUF T 2 DOFEHE (=
i fRAs) X, 1MHTIE36.9 = 25 mm (z = 3),
2MHA389 = 2.7mm (z =4), 3MH%39.0 = 0.5
mm (z=3), 4 M HTIA375 + 1.7mm (n=3) &,
1B XY S 2~3MHEOHEKREL Y, 4HHEIC
BHONSLS otz F2, IR L O SMUFH

AOPIRE (= B b, 1HHTIZ12.4 + 0.8
gn=23), 2HWHM133 £ 16g (n=4), 3MH
13.6 £ 0.2mm(z =3), 4 MHTIZ12.5 = 1.2 mm (n
=3) rEWRLFAKOEHZRL. LarL, T
NOLEENZ S HEAIRO LN hr o7z (p>0.05),

z =

TR AWrgETid, MMz AR L, KR
ZWEHE L AT ODOMASDbEL LTIHORREIC
RELZZZENDS, 2@TOMERDOREREINOH
BARFETHI LN TE, TOMKE, TFHRENR
f172%90.0 = 43.000CTH LI EDBHLENII R 72, Ma
rquez (1990) &, WA D ¥ 4 ~ 4 TIEHEBRPL AR
Ao THEZ X 2 A CIREE 2 B Bkl 2 & s
LTWw525, IEfEZRFERIZIEE STV v, Wood
and Wood (1980) &, 74 7 I X OMETIEH O i EH
S TICBIT 2R EERITEI ZBI%E L, KR%RICHE
HREIR U 7356 O T2 R R 11325 5K [, RESP L 7¢
Do 12 B O R RRERIZ1 AR Th - 72 & il
LT, AIFETIE, ZRERHOHFHIZ50~1505
Th otz HEDVZKRTHHMEMICHEF2ETIET
HENS, TEFIIFAIZA<AL LD IETOZT
T LIS 2S00 o TV A WREMEDSE 2 S b AU
B, ERLAT7H Y IAAL) RO THEHOKR
RERIC D 2200b 59, 2ED SIS hTn
B2END, BTOZFELIZZORBANTET LT
WA EHEIE NG, 7 I H AHOHEDOEHREICBT B A

Table 3-4. Summary of hatching of the hawksbill turtle from 2006 to 2009

Hatchlings Hatching rate Hatchling size
Mean
Total Mean
Year Female Mean Range Straight
cges Total Bod ight
ofall Rangs (%) (%) carapace e (w)e ‘e
length (mm) g
F-1 461 71 15-38 155 +80 89-244 39.1+03 13.5+0.1
2006
F-2 449 126 0-78 249 +£229 0.0-45.1 389+0.5 13.6+0.1
F-2 416 172 3-83 40.8 £34.1 23-67.2 38.6+12 132+09
2007
F-4 421 97 1-78 21.2+£30.2 09-655 36.1+02 120+1.2
2009 F-5 427 29 5-18 69 +53 3.0-129 36119 123£1.2
Mean 21.9 = 13.0 37.5+£ 1.7 129 +£0.6
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RiFzE A RS, WEOLZRREH OEE, B
GBI E TOREMRALRE 1 [ d 72 ) OGP D3
WELTWAND LN\,

RWFFEITBIT 2D S EIN F ToHEU, F
3429.6 = 3.4H, ZOHEHIZ24~33HTH o720 KR
POPMEIRNE TICELHBUCEAL T, ¥4~ 1%
X LOBEMEOHIFIER L, AFRETOT Y 3
HATIEPHESINTWSEZTTHS (Ulrich and
Parkes, 1978) . Ulrich and Parkes (1978) &, 7%
I ADOLR» SHEREINCE S HEu, M08 8
UHA21~39H, 2WHA6I~BHTH- 2B LT
%o TOHEN68~BH &V 2FHMIONT, #HDS
FZORHEEZS R L TWARWA, IR Ao 4
DA BRETHY), LrdSHEEN0BTHo722 8
Mo, 2O 2HBNIFRNGZEHTH L LHEFESIND,
CD2HBILNDO BEII2I~39HTH A Z &b, K
WFEORERERERBENIRL, AELMETOYIN
AFORIEH S HEFEIN E TOHEUL, FESFER 5T
LBLZFLIIHAHBTH D LHENEI NG,

EEID  AWFFETIE, 2006~20094F (2 M 4 KDL E
WD L, AEF6I O EISBlIEE S iz,

BHHED Y A <4 OFYEIRHIZ, A4 ¥z VIR
E 27— B ToOBZEHHTIZ163.3 = 34.3M0
= 127, Wood, 1986), 2 A % V) # FHLF1E158 + 294F
(n = 93, Bjorndal et al., 1985), & 7 Al [E Y R
)V 5149.6 = 41.78 (n = 23, Witzell and Banner,
1980), X F T afRELD F VB 149H (1 = 455,
Xavier et al., 2006, LAT [+ FEE#E(RZE] 2L L Tw
BWT = I PFHHEOAREIRT), Fa—3F5135.2
= 0.78 (» = 512, Moncada, 1999), +— A + 51
THFLF v NV E131.8 = 22,91 (2 = 47, Limpus
etal, 1983), =L — 7 TIix105.3 = 27.7M (n =
5016, Pilcher and Ali, 1999) & Zh s EhTw
b —77, ARWEOFF MR VI rEINEIZ135.9 +
B2 TH Y, BEMEKEKERENTIRP o7, F
7o, EIMEAOKR & S LEINE ORI, FFARE A
TIEEHESIKEWIZ EEINIEZ < % 2 @255
ENTwb (Limpus ef al., 1983 ; Witzell, 1985). fi
BT EIMEAROBEN RS L OMKE & IO
WIFIEOM AR b, BAMEKOFH & —FH LT
W7z,

WDy A <A OFIEIRRIEL, A4 ¥ VI
E 27—V BToOBIERFITIE31 = 1.71 (n = 48,
Wood, 1986), ~ L — ¥ 72.7[ (n = 1161, Pilcher
and Ali, 1999), A F v a&RELH & VB TIE2.4
[\l (z = 37, Xavier et al., 2006) & ZNZFNHE SN
Twhb, F72, Marquez (1990) 2°F L/ Aflio 3

T2 FEN O XY REIR M EUE2. 7T H o T2 ARHFTE
OFE MR EINE 3.5 = 0.7/ & FEMEK L Y
LDOTNICLVLOD, KRELEVIZFRD SN D5
720 L L, Wood and Wood (1980) %, fHSMT
BT L7 4T I AOEIRNBIZEFAMEEL D b 2
~5HEbLEVEHRELTVE, HEOTFY I F X
MHEEZFELE LTW5E2S, o dMEMAEICRL Y b
ZHZTWBIEND, HEOBENHEINEFL D
B LTV LR ZRRL TS, ¥4 <13
MEDERTH D05, RWEETIEIAZ 7 FA4 TR
AW %G ZT0D, T4 I AOHP LIS, KR
MRV 4 <4 SBAMER L D b REMO R
PR AL Cwb EEZ LD, I M H N
Liedrolze WEDOT AT IN ALY A <A OREIH
ROFHERER, 2121991 cm £78.6 cm & #)t
HanTws Miller, 1997) o AWFZED FEIRE K D
Y RIET78.1 cm L HAMAKLIZIZE YA X TH
2726 Wood and Wood (1980) 2SHwW/=27 47 I 4
AOEPRITHE SN TV WD, BAMA L FEEE
DA X ThHoleEWESTHE, THTITXD)N
FATA D EREL, BINCLELTZANVF—% X
DL EMTEDWREMDS DY, 0T LAFEIRNIEL
DOWINZ DO ol2h b LNk,

PEIREL & EI I B & ORIIRE A B &, AEFFE D f
BEAEOREI L D b 2 b H PO IR A8 L
72 Limpus et al. (1983) 3+ —A +5 ) 7IZBIF 5
WD ¥ 4 < 4 OFEIIRAI B\ THEIEEAm L
TOHHENFIZIZIZ B THLI L2 HELCWD, £
72, Wood (1986) 13+t 1 ¥ = VILAEIC BT % B4
TR FRAAE R & BEIR AT 2 5 & & D ITHEIEL
AT 2 EMAH D, 5 EH? S IZ28IE L7
EHREL TS, WTFNOMEIZBWTD, FFAMHEGK
TUEBEIR I DB A S BEIR LD BIIMZFED ST
Wi\, INHDZERNS, FIEERLY b Z0HD
PEIREASHE NS 2 B, fE S0 MBI 2R
LR TH HWHETEDTE

BHEDY A <A OFERHEIE, F 22—
TOMERHTIZ195 = 1.6HM (2 = 4, Moncada,
1999), ~ L — ¥ 7180 = 7.1H I (» = 1,235,
Pilcher and Ali, 1999), * ¥ ¥ a&®RELH ¥ VL5
17.5 = 24HM (n = 27, Xavier et al., 2006), 2 A
&) A AEL6.4 = 2. 1HM (2 = 28, Bjorndal et al.
1985), A=A 7)) 7HEIF ¥ XXV EILT £ 1.0
HM (z = 27 Limpus et al., 1983), 4 ¥ = Vit
MEZ =% BTixl44 = 1L.1IHE (n = 82, Wood,
1986) & ZhZh#isshTwb, —77, AgEosi
BEAOEIIEFEI220.9 = O.7THRMTH Y, BAMK
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DFFE Y LEI o7z, L L, RIFETIE 1 72
F46H R & i b RVEINMEAD V), Thidkihds
LI ICIEF R FEIRHBE TlE 2 W R D o 7o 22
T, ZOHBOTFT—% ZFCTEHEET % LNk
1317.8 = 230, ZofipixI5~21HMEZ% D, B
AR E RS ORR L o T ARG THR S 7246H
L) EINREOE AL, FEINR IR S L7z PRkl
PRATBETE R RY, TOBRTFOINRIIEILE
XN TA6HBIZFEINCE > TW 5B, HIEDFEIIA 546
HIZIZ#EINT 2 £ TOBIZEIN S KR E b iR s
Ghrolzizd, BmPTINRIRSBB TE L o 2]
HIEHLPICTE LD 572 L L, FIRIOEIRD S
13~22HZOMIZIRII B SN o TnbH T
&, ZORNXIZ O EIMER O 2 SHER T 5 &
FER T ENCH 7252 L, BLUHEIN2SHRICTFROIIRE
PIDBBEEINTWDL I LR ENS, RilEOFEIRE I
SADFERICE VI CTE oz E 2 5N, 46H
&) EINREIE, 2 5O EIFERTH 5 & HELE
Sz,

RIFFETIEX, AFF6 BMOKPRIISEE S, h
EPEDR & KHROR & AR 72220 0 9 B D27 % (2K
4 L 72, Beyneto and Delcroix (2005) 1%, ®4=0 %
ARART 7 ITATKFBINSFBIZES N2 L%
WELTBY, 74 <1 OFHITIE20~255112100
L EOKRFRINABE SN T WD, L2285 T,
RHHRINE, SBEMESEGOBLTEIRVwE WV 5,
WF A AR D AR H I O B EE R 2 DRI B 5 % it i
7% £, Beyneto and Delcroix (2005) % 7K iR o 5
WFETIIFEL TRV, RIFZETIE, IR F O
IRHRIICIX, HORR I 72 R IR AR & T v
HZlwn, MLPOEHETHEIRNTLRREEZ®EL, K
D FEIZ T TH 72 2 JU5I0 2 T2 3 2 mils, i el g
JICTE Lo 2Nl 2 BE L T A BIR EHEI S
7oo EINOWEZ BT DHEKO—2 L LT, HEIIGHT
DBIRBEZ SND. 7 IHADREINE L 72370
e LT, BRI TSR & B E ot &
DEHPFTFONL (REEIEEFNGEE AR Y I 7
AHaES, 2007) FEBRIC, PRI E B CT20074E 12
LT A ITART F 7 I AOREIPHEIE,
LR OB H TE d Bligsh: UMREAN, &
53480 —H, AW TR I L 72 N TR,
KAEA B REIRS OB F CHREID R P TH Y, ik
FE D v, Z0720, ERELSY A <A DRI
EHETLIIENTERVWE I HINTFEAM L2
N, KPR —HELTELZONS, LA L,
16IEIZIERICHEIN L TWB Z 25, KRHRIIOZER
FECNDANC B D EEZOND, Tz, EIIHEN

WS SRR T, AT EEd s 2k
b4, REIMICHIz- THRETOBIN L7z, I
BHNIAKRSH S 2D, HRIEHMBJFEL 2o Twa,
C D &) BRBRBEEALHRN O EINZ B L 72k v v
BEOKTEZIZEIL, IWBINEZERLTHENO
72D EBET B LV HATEIASE S 597, KR L 72
EWVIH WD E 2 5D, ARBIZETIIARD FEIIIC
B L 22 AVE YR T ar A5a vk EO8)
RBIFHAELTBLT, BHFOMRICBWTHIKIERH
7 EOBRBEN &I & OBRIII S A2 EhTw
e KRN & B RS 2 Bl 2 BA3E 5 % 720121,
ARWFFECTHae L7200 O BB oM, KL HELR L
DOBEEEN & FEINC B L 728 V& v & OBR % R
T HUEND 5

AME  2006~20094F 12 A EF16II D REII A H Y, &
DD HDOISETEAUFF A DBEHE SN2, LR
219 = 13.0% 1K<, Zo#HI20.0~67.2% & K &
SEB LT BEDOY 4 <4 DFHHLRIF, A F
VaABKRELN Y EETOBISRER TIET~92%
(n = 455, Xavier et al., 2006), PG4 >~ N#EZ 7 K
V—T7E85.6 = 13.4% (n = 86, Kamel and Delcroix,
2009), HETFHE T FEVETLL = 21.7% (n = 23,
Witzell and Banner, 1980), ¥ = — #565.8~71.2
% (n =390, Moncada, 1999), &4 ¥ = )VILHIE 27 —
¥ ETIE64.3% (1 = 256, Hitchins et al., 2004) &
ZNZENRESINTED, KFEOFEEHEMAEL D HH
SR T I ADYAILIE U Tl 2%
FLCTH, BRI L7200 0 K A E kD &
DL HIMERPFE Do EREEINTWS (Simon
and Ulrich, 1975), 72, 7 ¥ 7 A7 I H A TIdlk
T L 7oA A DR SRS CLO4E LL R U 72142 1 RE B
L7 b=, B AR AR & Ui L CRE R Do 720
LAL, BRETICHAESRGE T CRAT L ETERL
ToARARAS D L7290 0 Sb3R1L, BB L D B Kw
L O#HEDNDH % (Shaver and Wibbels, 2007). Z 11
LD EMND, FFESMT CTEE L2 MEDSFEIN L 7251
D SERPBBFAMED b D X D K & v E[ANE,
FR L 72T I ABNIGE LD —D> Th 5 1
TS FH ST TR R B 4 A I AR R K
CIIRELS B RZZ NS, ZOZEDHMERKTO
—RWE %> TVBUEEEDRED Y, SRIESHEBOIET
WCHT A EREZEHTLLEND 5.

ARWFRICBIT 5L ADOKRE 2F, FHEFE
375 = 1.7 mm, F¥HEKREIZI29 + 06 g TH -7
—J7, BAEEROES, A Y o VIHRIE S —% U5
DR DA EIX15.3~15.5 g (n = 31, Wood, 1986),
F—=ZA 70T F X NVETIEPIE 4L =
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0.1 mm B L OFIEKEI4.3 = 1.1 g (n =70, Limpus
et al, 1983), ¥ 2 —N"HETIIFHEFFE40.1 = 05
mm (z = 500, Moncada, 1999), H € 77 E 7 KL
BCIEHEFE39.6 £ 0.1 mm B L OESEEL2.7
+ 0.5 g (n = 23, Witzell and Banner, 1980), <1l —
VT TCIREFHEREST4 £ 1.3 mm B X OFEEAKE
11.4 = 0.9g (% = 186, Pilcher and Ali, 1999) T& - 7z,
¥ 72, Marquez (1990) %D F L7z R O EE4
FEIIHLCORMD SMUF 7 A DK E S OHIPHIE, HH
F2338~46 mm, KEA8.0~179 g L HIFIZ L - T
XS ENALNT, TNHBAEMKDT— 5 & ik
5L, AEEKROKRE SIZH AR MR O %D
PP E > T 5o

KUFFEDFER, HERMETICBITE5 431 OKE
R B L O S WMEIICES FTOHE R L,
BARETIIFRHIC VWEELRRAERICHT 2 A%
HOMPCT DI ENTE, T2, FEIIERICHLT
X, SIEAE ORI, REOE R RE, R O I 0% AR
EODLDEEI R L, FAELEHTTH - THEHAM
ROFEIIERE L I L TREREVIIED SN H o
720 EBIT, SMUTFH A OEFRRAED BFAEMED
FH LI L CTEDR Dol TOZ EITHBIZH L
TWb 57 A4~ A ORGERHIC N TG HTE 51)
REEEZRLTW5,

IR DD TL R VHARICBWT, #4134
DOEIROIE % [ 5 72 DI IIPRER K72 TR, AT
BINZ L BNy FAY—T 4 VTR ETH L, L1
L, RO N TEHIZHET 2058, —HOmsERE
TEBENTVEHOD, ZOWEKREIIZEAERS
KRINTwiwv, T ANLBIEOHMNZ 3T 572
DITIE, A D gl A PR B A BB B3 2 A LSS
TR TH DA, FEINRLSHMUIZET 2 B0 H S F
BlIZ < HEHDOD, FNPUHAOWEFIVE » OBEES
RRATHZ EOMBIZIFEAEREIN TV R, £
2T, ARWFZETIEIAFEOEE M TISB ) 2 %I B
THARE, 1TEIB X O EREN R RAZ 1T 720

B 1B L2 T, MEL4UE & MELIBHO MAE T A b
ATHVRELMFELA ST V=) —17 fIREDT
HiZE) AT 5 &I, HETIERRBITER kM
BMEOMEE, MTIIILOFEL OMEL, e
N7z, TORER, WA LEOmMEET A 2710
VIBEIZA~5AICKRELC EAL, FAVTNROK
EAR D RRBATE 7R L7ze —T5, BB L 7z oo i %
IANTTF =N =17 BiREIT 4~ 8 HITHhIT iR

DRE %L EABALN, JIRILRIE AT O ABIEE S
N, MELA NS TF =N —17BiEED RIS T
FE LT, 351, RSB W TR RIZHED)
L7z ME, 4~5 A0l Tho7 (3T, ML
DOFREFNZ XY, AFETIZ4~5HE25 4~ OKRE
WLeHRT 5o AIETALNZTAMATHY R
A NTIF = =17 B DIREEHSIZIRT 2 S8 LT
FREICE—27 22 5 v By — i, B
D IHA (T A IH A Wibbels e al., 1987 :
Wibbels et al., 1990, 7 4+ = I & X ; Jessop et al.,
2004 ; Wibbels et al., 1990 ; Al-Habsi et al., 2006, %
B4 A Rostal et al., 1996, % 41 <4 : Dobbs et al.,
2007) RFAELMETOTIF A (THY IHA
Licht et al., 1979 : Licht et al., 1985, 7 >~ 7Tk XA
I # A Rostal, 2005) [ZHHBLTALNLBLT
HbBo TOT DL, RUFFRITH G 72EE L 71 & ik
OMAET A MATO Y EMAETZA N VF =V -17p
3, ERIZHWEINTWB SN, £LC,
NOMWFIVE Y ORIy — > 28 L LT %
AWM Z RS L, HEOEREANIEETH D LA
HENERo720 —T, MOMAELA T IVt —) -
17 B HEFE DBEIR/ S & — RIS & - TR Y, ok
A 4 BErp 3 EIL P AR AR & ARIC 2 ~ 3 4E D B
WTho7ens, 1HEIIBFEEKT 587 — %2R0
20064F £ 20074121k 2 ke LTIl L7ze T2 &
&, AFEOMIIHERI L CHEINTE 252 AL T
WhHILERRBL TS, BUEREROMAHEL &
WERRBIZHW TV S, FERMEE L 7-006F 5
e ONCT LI R TENL, ALEHORR %
FODLZEDNTREICE LD TESHROBETH S ).
NTE#HE %419 720121%, L T AR b
5RBEARE R L CRR S LVEDLD L. A5
T, HEOMERSEMEAEEZE ST 5k LT, Ho
REBO—DOTHLHEOMERICEHL, HHRISH
THRBOESOILE “TE 12X 2 %R m7z (5
18), gk LzMoIEET 2 b AT 0 v & RRATH)
R TE & R E MR724ER, TE 250.350 Lo fifk
EBCEEAR, 0.33D0T ORI AR AR A & LTI
WX s, TE XIS HEO M REE 2 83 24
MBI CH AL EEWHLNII L, 2O ERD,
RRRAMER T %Mk, TE 25 & L TR L 728
e RNTHIENTE, TR L L) ICHEDE
THEIAEAETH B 2 En D, MREE O IEITEER
AT 22 TH L, —J, ME kM
WZPE D BRI RE DAL R W e, HED X 9 I
VPR 2 5§ IR Wi g o7z £
7z, AR L7z X9 ICHEO BHERMNII L3 L b 4AE T
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B Ehn, WA LR TH-TH, HokS
WHAER RIS T 2R LTEfT5 28 13TER
Vo L72Ao T, KRBT 2 ML, HAERREDN
WIAE T A b5 D% — v =17 BRI DPIE R Ik %
WrEiE 2 V720l oBlgt 217w, IREO LA
BROMWMKZEZBIEL L GENT 2087 5,

AL 72 TR ISR L TR RBATEI R R L
728 (1), MEIOXREEZZ T ANDIEAL
BT 5EARBIE SN, FAKRIKD L7314
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