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D GRS S 2 OBWITHE D R S B BEAS IR
720 DA, BB BN L. 20134E 11X REIN B 18 4 Fif
D) H15r I EELZIT, 137 a7z O
BHi . BE)o 20144E12 I H AINOHEH & 4
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THEINEZEM UL, Y RCIEEL;
CTzDIHMOFRELERTDH 5 0% BEE L 72,

MR ERE

HEHIE  HAI32015E 1 H 6 H2 5100 4 H
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Fig. 1. Study site at Ikumi Beach in Toyo Town, Kochi Prefecture. One camera was set in a coastal windbreak (location A),

and other two cameras were set on an animal trail in a bamboo forest (location B) and on an animal trail near water (location C).

PRI 2 7 AT TIEL TT-H A olb. B
20, BOLOTETHT AP LEDLDIZI0H
FHFETHI22B0bH 5. HFOFRIIIPESE
DBH Y. TORIIIHEH R < Y 7 & DS RERIAE,
VARH VR EDILEBTTE R H B, &
LIZZDOERITIE, EESTHASH > TW b,

BIDFHE 7 H 7 I A ADFEIEIWEI L o TEK
ThHE BEPNBHRTIEEFVRIRT A NS
(Packard et al. 1977. Ackerman 1980). Z: Wi T
1320064 & D7 I A AHGEIN L7224 H, L2
H225 3 HEANIZWHIZ X ARKDBND 2\, PFT
LD OEEN AT ISR & L COY &l X T
W5 (Fig. o EIRHEOHERIE, B, ikt &
TT AT ITAORMZE BTl o7z, #EIH%E
o706, THEHoEmHE (P ReEBsh
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%) Mo TREWY . WOKARR L%, W%
N OHIZ AN TR E THEAZZ, BRI TIX
EAER20cm, E 2 H60cmD R EH-> T HINERE
L, THORELE, 2612, FOLIZ, E=—
VEBEHEHE FEL15mm. #H20mm) #90cm X
M D ARBEDOBIZ D S & THERL L 72 PR % B
Bz PREFEIZ. PURBICH 1T 72 RICER E30cm D §k
WA FTHAATHEIZEE Lz, BbRE2 #2572
By TH XD RAHER SN TH S 1 HH
AR 2 4 0 o L, IR & RIBALIR %2 £z 7= (BL
TRMERRA E B T) o T DR LI E R
BEALOR (BEFEHN) &, JTOBIT & 13N S #20cm
DRZHY ., HDR L7 ORLE), AAWETF
BMAZOLNTVWRVHRRIZBEWTY, F 72D
(BB R IIE, IR RN AR S . 2 DB
BB X B2 BELFHTIT HREMED D 5o AN
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e T, THABHBORIIBWTEEDOFEDON
BEMEZTARB 72 OIZHO R LR 23T 72,

MDERE 2015%E 6 H20H 12, # v FShimHS
WMol LLATI/ I —,19%cm X 120cm. ~—
7 3 Fig.2a) £ Ay FENLHBOM (5 DITH.
D16, 150cm. b —7 3) %\, BHELZBh M %
Rl L7 BHEAEMOE 3120cm®D 9 b, FHE60
cmi¥22cm X 8 cm D& F-. E#60cm 1E22cm X
15cmDEFIRICR o TV b, BEESHENOZR
FNFE20cm & 50cm & i (ZH D, Mt E S A
100cm& %5 X9 L7z FY AOEEITHT AAl
DOMPEBGET 5720, BRHIZY I 4 A OJEHL
DENTWAHIM (7 H30H2510H 4 H) 2. Ht
OHEE LT ORRICEIL S 72, 7TH30H259H
12H MM TIE, BHHEOLSZMCEE L, Y
OBMEIIMOIMINC 5 X512 L7z (LUF. #HY
B EFRT)o MHIHEHESW 2 A B WIZ EFHICL
borERAEbLE, BTFOMEBEFHITBNTDH
22cm X 8cemilZe b L) ICRE L7z, MoikiEL.
B E B RIRCHE 3B fiE 2 B i L <.
#123m® (5.96m x 392m) OMWEZWH L7z (A
e 2EREGDLEZ L5 EF 2080 .
Fig. 2b)o 9 H13H 25 9 A20H AR I3 A % it 2
L7z (M) . 9 H21H22510H 4 H O
T, WSz mREDLET, 3BE =M (i
Ri#1.66m% Fig. 2c) IZHIAGDE, BHNZ MY
BN @B L7z (A o & 72, Mt A R LA
2B S LD B LB MR L. APl X
NIRRT IR % RE L R d o 72

BERTREICKDIRIEE AR R ER
5B 2R 572012201546 1 H 6 H» 5
7H30HIZETOR T r AN HZ 0 ARFMEREA
Rl o — S S 72T o0 B G R 2
(Field note DUO+, WMREATRGS) & H BhE) i gde
i@ (Ltl-Acorn6210. WREAREF » ba 7 4 —F A
XLT. Bushnell) %MW CTHABWOREE 1T >
720 Bh OFGERE NI 1M, Wi THRICHOR
AR v —2MEE) S A F ToORMEIE 1R &
e L7ze Wi, W E L o B EARPY (M
A), RN OEE (B), BXOKLOEE (C) @
3rpre LTHEGEEE 2 ZiE L7 (Fig. D, ¥
EEM OB D 72Ty FOIVHOM 2 E3EH L

Zeh otz HENIREEE O ST A LRAT 2 v,
GHELE W O HI & o SN -8 iE % fddk L
72o WD THGE SN B0 ) b Wiz FH
LT B2 0IR$ 5 720, BHEICER - 72 LBl
DIER T2 o 72 (BEf - %H 2011),
BHRIZHD Sy I 7 A0 %I 5 WA
BB 572012, HHUI, HHEIR B X O 5
MHARIC £ 7225% 7 H30H 2 510H 4 HIZH»FTo
HHOHBEE, Lo 3 (o BBz B
R EHORLBEZMY O L) ICRKEL, HHO
BENZER L7z F72, SO, I EERn

(a) 196 cm

>120 cm

Fig. 2. Barrier used to protect the nests from predation by
foxes. (a) Schematic diagram of the wire fence. (b) Elaborate
barrier consisting of twenty wire fences. (c) Simple barrier
consisting of three wire fences.
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TWaHHE) o HHTHERRL 72,

HDZROBERAE 9IHIOHH»S10H4HETTOM
M, BHEIHDR LEZUET LI ICFNEN
MR I5m2OFEX 2% T. B, 7 =OBEROK
EEtE L7 D720, F UENOIHH F -
TWZRWITTh L, BHEEHORE LEOKEOX
WS, B, SITMETHS MmO V27 M E
L (LT, X ERT), =D HERO¥ LG
U720 B o/ E coligkix, kK#<Td b
20154 9 H27H OBL3E A & il & i Tl o
FEED I E L7z,

TR L H ZREELOBR. BLOKRAEXIC
B2 MOBIELE A = 7HE & OBIFRIZO VT,
—JCHRLE G E AT & D TIRNT L 720 1 = DB RD
WOWHT| & % EOBBEEMKAE L TELL T
LUHEMEDH B T Lo, MOBIELE 7 = REE L
DORERDDIZH T2 T, WREDOEEIIHT S
BHED LR LEOBEEOEHH L 72,
SEIMEICAH B =D D B DS EILE T, Tukey-
Krameri#: T177% - 720 MEHENIZIZ. 7V — Dk
oMy 7y 2 7REH WA (R Core Team
2015) .

faR

JBIZAER L T2 EiE & LT, BhEARA. ’f’T
PR & KD OBRE 2 3%E L7 3 B0 HBhi s E
aiﬁ%#ﬁfm/ﬁ%#ﬂ~$//ﬁﬁ#@@m
brachyurus), BEHTIEA 2 YV Rl=k A4 7 ¥
¥ (Sus scrofa) & ¥ W B =K ¥ ¥ Hh (Cervus
nippon)  EWH TIEA ¥ FR =K v 7 F 7~ (Meles
anakuma). 1 ZAROF U 1 & & XX (Nyctereutes
procyonoides). ¥ x 37 X AFNT ¥ ¥ ¥ (Paguma
larvata) . * 3F A 3 (Felis catus) . % H Tl A X
IR A A X IE (Apodmus) © 4 B 8 FF 8 Atk
wahi: (Fig. 3). PiEMANTIESY X ¥, kO
BETIE=hy 29 ¥, KLOBETIZ=FY
DD L P SNTze R TIEETOH I THGE
ENTD FY AN S 72DEKBOEED AT 4
H¥kss M7z 72, WRIES 22,
I FXF, RO, NTEYUBBEEZAHELTW
5 EDHERR S NI,

20154 ICBIFATH T I T AOMEINIX,. 6 HIZ4
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Fig. 3. Frequencies of the animals observed by the automatic
cameras around the beach. (a) Location A, (b) location B,
(c) location C. See Fig. 1 for the locations. Abbreviations are:
r. dog, raccoon dog; m.p. civet, masked palm civet.



ANBHE L - AR -

AR L MR LHEICHKE L HBfRpEE
W R R L7 BB SRR T g X
xR traillmz. 77 A& (Corvus) ﬁ?ﬁﬁv
Sz (Table 1), BAELHORELETIIA XD
P SN72205, HlZz L TWwWizZ e bfilvi ey
Wi L. ARWFZEDFRA T 50 5 B L 72

W <3 % 7 A30H 55 9 A12H I T
SNFHWIE, FYAD2E, AT EHTANBEN
FN1mgFoict T o, 2l h T RIIBHE
DLEBCTVLHETI R INTZ, FYRIE8H
21 H 211283 12 W) 8 T S 7228, Mt 2 2,
LCWAEHT T I bEolze TN 621HE
D9 A10H F 85 SEF19ICH N F vV A DM SNz
B COHBMEERL TV LSBT TY IS

FTREAIC - DNk TCiE

Foiz,

9 HI3H»520H ¥ ToOMHEZEHMIZB VT
B OB EAYE 2 72 (Table 1) AT, ¥
AOITENIHRD & 5 L ohsz, 9 H16H
FRIORFL6 IO R LD W R IR X, By L 7%
BOHREFERSETHY . BEIIPZIEZ 2 8T-2555%
&7z (Fig 4a). W UKEd 9 A 17 H 41 2 2545
W2y FICHOR LFEICEDSZRERLIEZ L F Y
M sz (Fig 4b)e ZOBuICHRIE Sz 2T
DF VAT RO (MY BE) PRE2L7:0
SR CTH B EEZOND, BHLR, (213,
FYARADPEEBL, FUHORE LK 23> CTHRIEN
ZHET AT IIE SN, A T IBHE LD
RLUBICHBRA RITR TIN5 7225, 9H

Table 1. Wild animals observed by automatic cameras at the nest at night in relation to the presence or absence of a barrier

during July 30- October 4, 2015. The nest was surrounded by an elaborate barrier consisting of twenty wire fences during July

30- September 12 and by a simple barrier of three wire fences during September 21- October 4. There was no barrier around the

nest during September 13-20. The camera was set after sunset and removed before sunrise next morning (the date of this

observation period was expressed by the date when the camera was set). The animal behaviors observed by the camera were

classified as follows: 1, no predatory action; 2, digging the nest; 3, picking an egg in the mouth; 4, preying on an egg.

Animals

Date Fox

Cat Crow

Jul 30-Aug 20
Aug 21 1
Aug 22-Sep 8
Sep 9 1
Sep 10
Sep 11
Sep 12

Sep 13

Sep 14

Sep 15

Sep 16 2,3
Sep 17

Sep 18 <
Sep 19 2
Sep 20

Sep 21 1
Sep 22 1
Sep 23 1
Sep 24

Sep 25

Sep 26 1
Sep 27

Sep 28

Sep 29

Sep 30 1
Oct1

Oct 2

Oct 3

Oct 4
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Fig. 4. Predation on turtle eggs by animals at the nest. (a-
b) A fox is picking an egg in its mouth. Notice that these foxes
are different individuals because their tails are different in shape.
(c) Holes made by the sand crab, Ocypode ceratophthalma,
on the transplanted nest.

16 H T 3 RpA843 IC Al & BAHM O ICHFAET 5
=R & BT o S iz,

9 H21H 2510 4 H Ol MM Tix, K4,
XA I NI, WERIWAET %, Y
RLEOHWEZBRCEETT CICZoE»00 5
F:572 (Table 1)o F T IXFEHHHE & Hlod B L B2 8L
WRERT Z L hhole BT AX10H DIEICHGE
X, HORLEZBETOO BT RE SN,

H=OREKICELTE, BB CTHH9H 2HIC
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MM R L 72 R CE HURRE S 7z (Fig. 4e.
B REEICETE27—%13% L) OH7HIZZ
DBERHEDOWALSR A 217 72 o 728 BAE D)
BAFH=RAFHT=I®Y 7 X5 = (Ocypode
ceratophthalma) OWMRAR (M. HIEH25.7mm) 3R
WIN7zZ b, AZREIAHEDODDTH S LH]
Wr U720 ARFEOHUITEE 3 em B TR IR RIS
FIZICHIOOLTE Y (T TES AT 6
B 05 ANEOFUIFFTICAERT 25 E < b
Y A U F (Talitridae) 25BT % B & RIEF 5 0]
BENEH L E2L, HEH 1emL PO/ 2 8
FUTEHECEICBRAE L7z (RITH 2009) o

=R AT % > 72 EWBIC BT 5 7 = R
. —ITBECE SO O R, HEXE THE R E
AR BTz (F2’69 =122, P<001. Fig. 53.)0 %E
HBMOE DGR, BB DR LEICBIT 50 =
REEIHRIXICBIFEHELD b Eh o7z Kl
BIXIZBIT 20 = REEOMRE A6, BRI
BT D0 = REEIEL, MOBBOENZL S HE
BAEIA LN D572 (Foo =196, P=017, Fig.
5b)c MO LEIZBWTIE, 7= REEIIMOB
BEDEWIZ X > THEREND ) (Fyo =337, P=
0.04)\ 2 HEIHEHE ORE R, S AHY ] o % B 1A
MEMMOBE LV EH» -7z (Fig. 5¢)s FRXIZ
BWThH, = REEEIMOBBEDOEN L > TH
BREVRO LN (Fu =9.130 P<001). HHIH
& A2 1] 0 58 BE X il Sy ] O B BE & 0 2o
72 (Fig. 5d)o MRIXD A = JEEIHT % BALHE
DA = REEOIIZ, MOFES X OB DN
Lo THEBELREN RDON (F2,21 =142, P< 0.0l)\
HIHTT ] 0> A7 = 778 BE S A 2 0T ) 5 & ON il 2 A 1)
DEELI N b Eh o7 (Fig 5e)o SRIXDH =%
BEINTAHORE LED D = REEOIZ. Mo
FEEBEOBENC L L2ARBREZ I D o7 (Fom
=333, P =006, Fig. 5),

ZR

0144FOMETHAERBRETEF IV ANT AT IN
ADOPEM > TOLENFE SNTBY (JEE1I 0
2016). AREFFEICB VT HRBHIHE DR LHE I
BLZHBHEEBRICIIF VAR SN, 51
FYADIEI D K UBERERNZHEL TVIHET D
WENTZ D5, HOEEZBILTWLEY
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EF VA THD I EDMR I NIz, HHIEIZEBWT A TIZAEREREBICBWT4RRE IR TWS
. ¥V RGO OBFIEHIE L7 Do 72h, ZEnb, 2015EIIBIT B F Y A DIEEIDE A - 72
DR FR L, 5 AHBD R UE 2 5223 1 & DI T BV TOZDRIFEIZL D KH AR
L CBEFEIN &2 il &3 A 1T Eh Aoy v /z. 201440 DFEIEF Y A EBHEICFEOT R VHIELD S
A VLR SR DB RE L 72 H B 2B 2 E Y A 1k T EHARENTz, EHIT. SNIERE L7 T A
1EIL 2RI N 0o 720 (JEEITH 2016). A DOIRBICO B G2 o/l b, FYLXD
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Fig. 5. Densities of crab holes in relation to place and barrier. Data are expressed as mean + SE. Difference in letters denote
statistically significant differences at P < 0.05 based on Tukey-Kramer tests following one-way ANOVA. (a) Densities of crab
holes during September 10- October 4 at the transplanted nest inside the barrier, at egg disposal site next to the barrier, and at
control site outside the barrier. (b) Densities of crab holes at the transplanted nest in the presence of an elaborate barrier during
September 10- 12, in the absence of a barrier during September 13- 20, and in the presence of a simple barrier during September
21- October 4. (c) Densities of crab holes at the egg disposal site in the presence of an elaborate barrier, in the absence of a barrier,
and in the presence of a simple barrier. (d) Densities of crab holes at the control site in the presence of an elaborate barrier, in the
absence of a barrier, and in the presence of a simple barrier. (e) Ratio of the crab hole density at the transplanted nest to that at the
control site in relation to the presence or absence of barrier. (f) Ratio of the crab hole density at the egg disposal site to that at the
control site in relation to the presence or absence of barrier.
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HEMNRICEITH S Z LARB IR,

DR 1L F Y 2 ZINZHFEDIT 2 WEIRD D -
72— HHPRICIZAF A ZED 1 FTH S Y I A
= hboTIZH-> T2 ieEdrd b, 77
VAW OREEICHLETIE, AF =g 1 #l
(Ocypode cursor) 3T N7 I T ADIPPEIHAL T
WAL FHIRHEEN TS (Marco et al. 2015), vV
J AN ENBAMEIZBWT, R2BHITH
NTVBINIHER SN h o 7205 ZORREDOK
SHDOIFRRILTH 5720 BT 5 TV HIFIE
OLEHEE WO, IRORRSLRIBICERE %
HERITEEZONTBY ., WENORECIRE
OB IR h OB A 5. 2 S REMEAY
Hbo WEEHDOBIZY ) AN ZBREWMD Z &
VR DPIPENIZA D AL Z L2 B DT,
VAT L BEENLHETRLTH, oM
L2 FIFAERICE > TWiehrd Lithwvw, v/
AN ZATHEE 2 OB EOMTH Y (EIFH
2006), i T T T A v I H X (Chelonia
mydas) DOIFRLPALIEKRZTHEL TW5E 2 &y
ENTw5 (John 1998) 0 AFIZAIM AP Tl
ZZEORIRD 72 DA T E TR L T 5 EHEHN S
NTwWabZ e GEIED 2006). HERICH-> THE
REFICR 5> TETEF I TOERIIZHS LR Wi
MO THLEEZOND, LL, EETIE
WERIRBAL DB CAFTOLKIRA LA L, AfHIY
FE e CHAEBA L TW A IR b i S h T
W5 (BEIIEH 2008) TH T IHTADENMTD
Bl WO W I B W TARRIIAFAE L 2 W S
Lo THLOWEEORFAI R 2 WHEELH Y. 5
BIEETHULEDND B,

H = REBEHRIX & R TRHE &R L E
TEPoIZIENS, VI AT ITADI%
Mo TWBUREMED RV A BRI D> 7275,
BHIETIZPIMEZ A5 EMOBRBE FIL TH =
REENEP o720 TIETHICHLI2FY— D
WBRCAERTEFEY NI, THFYIFTADOIE T
ABTFHAELELTVDLY, AFHHICH L TLHE
T 5 EHEIN TS (Mendonca et al. 2010), K
E7a) Tk, 747 I H Ao m@ofias
THDHLTIA T EAFHTHOMIZF N FHHIE
DR &N Twb (Barton and Roth 2008) » A= R i
FETHZD L) ZF N FNHIEOBRYEH 5 L% 2
SNDL720, FYADITEA LTS I NG Do 7M
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WGl h = R 2. SIS Y A0
RN IR Tl D = RBEDSIE - 7200 D
L7z,

B = OB BT KB/ 72 IO KM K o TE
3o Mo TEBY) (Hughes 1996) . F5IX
TOHN ZREEN S, ORI A = KD
WIHHCTH - 722 L0395 5o MBS 24
RESNIMORELEIZBWT, fisiEo» =
FRBEDSHHR RN TR < MR & 132528
Bhrolo0ix, M2 X 55 A2l E L =K%
FEDSE VR & S E R o 2R RIZE EZOND, B
R B 2 5 KRB I OB THE R 21T A
BN 7278 (Fig.5b). HIZX % 7 = REEDE
BIh R 2 Lo RIX D B = RBFECR$ 5 B HE
FoOBEOLTIZ, MHIHEICB I 2R D - 720
MEBLTEFY ADFEERIZ 5B LY 7 R
Ao OB L TN EATRIB I NS,

KRIFFEDOFER, TV ADWEBHE Y ) A H = OiH)
EDOMIZIIM OB Z A L7 ERRH 5 L% 2
55 (Fig 6)o MHHEIZEE L2 F Y &+ 2%
BT WEIRIE D o 7225, WY ) AT = DiEH)
B FEo7ze — MEMET2LFY AOMWEHH
EED, EBRICISHE SNz NI+
VADIEH I BZ E13% L, FD2DH =Dk
BHIMWZONT W2 TH Y I H AR - WA
WCEGEOHLE D B HARYBIZILKFER KD
FEIRY;E o TB Y (NH 1994), T b oM
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Fig. 6. Conceptual scheme describing the interacting
effect of foxes and sand crabs on the predation pressure
upon sea turtle eggs in relation to the barrier scale. The
predation pressure by foxes is assumed to decrease with the
barrier scale, while the pressure by crabs to increase with the
scale. Under these assumptions, the combined predation
pressure by foxes and crabs might be minimized with an
intermediate scale of barrier.
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B SR THREDER T 2 RS E V.
LT T I F AN L oo T L RbiIRIE, AR
MR Z e, L THNEICHE L Tw b SRR DS
%<\ Bl SIRAEOFESEIHE ) B L o THE
AU L TL ) WReEA Ve HH R oM 5
SHE 20 b V- KB CH L I Eh b, B
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Abstract

The nests of the loggerhead turtle, Caretta caretta,
was surrounded by a barrier of wire fences to prevent the
eggs from predation by foxes. Automatic cameras with
infrared sensor switch were set at the nests to monitor the
effect of the barrier. The frequency of the fox visits was
considerably reduced during the period of an elaborate
barrier consisting of twenty wire fences. The frequency
increased and foxes preyed on buried eggs after the
elaborate barrier was removed. These results suggest that
the elaborate barrier was effective in protecting the nest
from fox predation. However, many holes of the ghost
crab, Ocypode ceratophthalma, were observed just above
the nests, implying that an alternative species has the
potential to prey on turtle eggs. In the absence of a
barrier, the activity of foxes increased, while the density
of crab holes decreased. When a simple barrier consisting
of three wire fences was reinstalled, foxes wandered
around the nests without preying on turtle eggs. The
density of crab holes during the period of the simple
barrier was lower than that during the period of the
elaborate barrier. Our results suggest that interactions
between fox and crab activities depend on the scale of the

barrier.

Key words: barrier, fox, ghost crab, loggerhead turtle,

predation.
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