BEEIR (2016) 4:75-86

Ho

QFRDE=-SYUIIF
Ciconia boyciana @ﬁ'li{

*EFEEA" - 1£)IIFRER"2 - EEFNBR' 2

Feeding habits of released free-living Oriental
White Storks Ciconia boyciana based on
monitoring data of storks for 9 years

* Kota Tawa', Shiro Sagawa'? and Kazuaki Naito'?

! Graduate School of Regional Resource Management,
University of Hyogo, 128 Shounji, Toyooka, Hyogo
Pref. 668-0814, Japan

% Hyogo Park of the Oriental White Stork, 128 Shounji,
Toyooka, Hyogo Pref. 668-0814, Japan

* E-mail: zil4dktawa@gmail.com

Abstract Since 2005, Oriental white storks Ciconia
boyciana have been continuously reintroduced by Hyogo
Park of the Oriental White Stork in the Toyooka Basin,
Hyogo prefecture, Japan. Additionally, since 2007, storks
have bred in there every year. The drastic decrease of
animals inhabit paddy fields is one of the main causes of
extinction of wild stork population in Japan in 1971, but
there are only few information about their feeding habits.
We studied feeding habits of reintroduced storks based
on monitoring data of the total 335 individuals in and
around Toyooka Basin from 2005 to 2013. A total of 40
categories were listed as food items of storks. Loaches,
crucian carps, other fish, crayfishes, frogs, insects, and
earthworms were preyed upon by storks all year around,
while grasshoppers, locusts, tadpoles and snakes were
intensively eaten in summer and autumn. Storks have
preyed on these items in various habitats (river, channel,
wetland, paddy field and short grassland). We suggested
that these environments have important role of prey fields
for storks not only in spring, summer and autumn but in
winter. Then, vegetable matters were observed in food

items, it was unclear whether storks preyed on these items
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v/ M) IR L 7R E RERO—D L LT, KHERSE
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1) OFRETIL, 20054F DB W FE D S MR,
%m%z&U%ﬂfiiﬂ%g%%ﬁxtm%%ﬂ%k
LB ELZEBL TS, ZOoFEA2HMIE, 1. %
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2011). BIEROTHORLEHIIOVTIE, FEHREEIZ—
Ebtﬁﬁﬁmt&ofﬁb,Zﬂd,ﬁﬁ?&gﬁ@
ZRELTIEMORE L TRELR Y B 2 LA WT

75



BEEIR (2016) 4:75-86

2 (NI - KH 2011). 22 TlE, BREREICHET S
TSGR SN L 720, Bhtaw / M) OREREE 2
DT 2 BEELRERPERKICEFEIN TN 5.
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BRI ARDSE L L7020, —HIERZFHOT A2 &
AL 22 %, FREFICBIT 2 REERIC OV TR S &
FEIEE OMFERRRBEEC & > THOME PR
BRSO MEN LA SNDL. T2, b0/
ZETEI B X OTREGE I BT B B, B X O
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HIRER R BUSE A OMEE, R HHEB S 2VHBIco
WCEMWSEBERESTANL, Sz g, e
B EREE L, POBIEEIT o> TR EEKICE L
TlE, IO ORI A TR ARG 12 7,
FD70, FInHEONLRAERD, EAIIBEH
SNTVREFICHRTRIFECRESNTLE ). #HR
M, BIEGEr BN Ty MY OFRMIEHRILE
RIZE > TRELIEE DL 720, EEMZFFMATKNEE &
o TWAh, FHEATCHED20054E 4 520154 BIFEIZE 5
FTCHRGZEOT =Y DMFIEL DS, Zb 2 ItilH
Fhaw /7 b) OBEERLERMERTEONMAS R ST X
MolzDld, T L72WRIZEBETAHKRE .
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Sw B ToO MG, 722 2 ZOMAEER A
HEDLDTH-72L LT, SHOBEEITICBITS
I/ M) OESEREOERII BV TH - R IE &R
boibEzons, FITELESITRERY DY/ b
) OIARICEE SN T8 3y 7 M) oaEE
RLERA S, T/ M) ORMEY) & REFBEICB T S RLek
PR L, BEBTCEL SOy M) OEEICHET
LHIRZEYTHZ L FHIEL.
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20054F 20 52013 E DI EE S 2Bt as 2 M) o
B RE RIS L Lz, BT ) 7 &
o Tz, S, SEEELTOFEHX,
FERTT O =M X B X O AR R FHE T Ok B HIX T
Hotz (Fig 1), BREZEHMTIE, 201548 A 5 HEIES
TIZ, GEt28Foar 7 M) RS SN TS, e
X &=, EREmPAIcB T2 a7 7 M) o
BT E o TBY, 20134R121E, WHIX & 128 T
B~ a2 M) o E s Thivz. 20154E8 A 5 H
BUEE T2, PHEMX CIEARH 40, =HRMX CIidast

Fig. 1. Map of the Hyogo Park of the Oriental White Stork, Iza
base, Miho base, and Nagadome nest tower.

Table 1. A list of the storks monitored from 2005 to 2013. The
number of “Mating” indicates total number of male and female.

Stork
Year - Total
Released Mating . Juvenile
mating

2005 5 0 0 0 5
2006 9 0 5 0 14
2007 5 4 8 1 18
2008 2 8 8 6 24
2009 2 12 16 9 39
2010 4 16 20 9 49
2011 0 18 25 8 51
2012 1 24 19 12 56
2013 4 26 28 21 79
Total 32 108 129 66 335

STy M)DPMBINT WS, KEAMXTIE, H
RMIZH B NTHEEIZBWTE T /7 M) A20124F 8
K U20134E 1280 L, 201548 A 5 HBIfEE CTI2, AFt
SPDaw ) FYPEN > TWAE (EEIRZTY 2 MY
DIBIAE 2015b) .

JENT TR OWTIE, 9 EMOBRAIZBIT L a3
J M) OBIERERN S, BREEY) & Z OREIBRTEATHI L
TWVLRFHOAREIM L7z, 40, BT RE Lizay
J b OfERENZ 9 4B T D335 K27 5 72 (Table
1).
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Fig. 2. Number of animal and vegetable contents preyed upon by 335 storks from

2005 to 2013.
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OFRMBEFET I HL LRI S LT Wcld, TofifE
IR G & 7 BIREEERIE I B W CEERM S b o b A
L7z

& R

DOIBAEEOEIL T Y M) OB S, FH0
RSO W SR STz, b L HERR S N7z o3
HO(KEM) LREMCTENENSMBETH /. £
MUZRNT, TAEMAS 7 FESH, TRHA S S E 7% o
7z E7z, BWLSMCHE S REY & L CRED b7
(Fig 1). Bhtay /7 b)) ORI % FHHNC AL &

NP a R, 7HE, FrigmmEsaE, s ov H g,
ZEM (I I XH), 7 A B H =Procambarus
Z L CREMEHESEFEHRE I Twe
(Table 2). FHEFY ORI % FHIIZ AL L, 8~
10HICE=27HAm b, 9 OMEMHN2BERE TH >

clarkii,

7. 1HEAHofEBIEFNENT, 9L hno
720 F72, A0HEHOPREY 2o TWBE 2 A 5 &

W, KIS, (RHh, JKE, BERE Z L CHEHDSEED
PREESEHT & 72 - T\ 72 (Table 3)

fH (SBEMR) ORI Z L ORMRE L Z0OFEHE
1% Appendix 1 (a)lZ/R L7z, AT, FYav#
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Table 3. A list of foraging sites based on monitoring data of 335 storks from 2005 to 2013. Black dots indicate preyed upon by storks.
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R0 F < ASilurus asotus, NYHiH, F > a0dontobutis
obscura b\ o 7 RAEBENHE L 072 T T8,
TR, P~ A, L CHEE AR & v o 7o FEEE I,
WL KES, iRl & DRk A RER TR S LTw.
2N a T RDOREERCMRH, AKEIZ BV CREIZED
fFE LTHERR S Nz, F70, #rigii s s, wls
KEg, BHIZBWTEERE SN TWz, < X220
T, LR LRI SN T/

WA OB Z L ORMEREE L 2 OFH LT
Appendix 1 (b)IZ/R L7z, 71 =)V H B IZKE R
Mo, KH, FHEHE Vo R TRERM S Tw.
ZO—HT, BTIVHIYEIZ4LA»SI0H KK, &
i, KH, FHEHE Vo ZREZPOLICERE ST
720 ATVHBEAETHEI THH LD, =&2 T
~ X )VHyla japonica, + /¥~ % T )vPelophylax
nigromaculatus, % L CHRIED 7 2 I = )V Lithobates
catesbeianus TH > 7z, F7z, 7T HTIVEARIZOWT
i3, R LRE STz )V BY)E O F TR
L72bDREy v ATV Thotz, TOXHIZ, RSN
TZWAEMIZOWTIE, ZOEBEAEPITVHTH ST
2, AIRHOT 1NT 4 ) Cynops pyrrhogaster b £/
ffs Tz,

Jedifi B X OMHFLAIC DWW CHE 2 & OFREEREE & #
DOFEEIZEAL % Appendix 1 (¢) IR L7z, RO ANE
HHD A BRETHRE I N T, ~NEHHIEISA 2
SIIA & o 2RISR PSR STz, 2Ok
BziE, JKHE, BERE, HEMBTORMEHAHIL- 2. ~
Ui § CHEAMER SN2 b DX, =& ¥~ 4 Y Gloydius
blomhoffiiss £ "7 % ¥ A + a 7 Elaphe climacophora®
2MCTHo72. WILMDOE T FRIIOWTIL, FBIEOE
b RO LN

BEM, WM, 7 EM, L7 THWB LU RO

NNZE

L ORMAREE L FOFHZ L% Appendix 1 (d) 12
ALz BEM (IIZE) RT AV A A =13k
HERECHRAF SN Tz, BEHNIKH CRERE S 1
Tz, F72, HEHBTH 5 AL, HICREShTw
720 T AN A A=A, FRIKEE, e, KHEwo
ToBRBE TR S LT v,

RBHMOME T L ORMGIERESE L Z20FHEILE
Appendix 1 (e)lZ/R L7z, BHEMAELHMER Ny ¥ H,
A F TEHIFFIZ 8 A2 H 11 H ORI KR # 2 BRETCTHH
FICHREE STz, 512, BHEHBEEE ZKHICE
WCREER STz, BEMOEEE AL &, b
FHBEHRL Ny ¥ H, 4+ T8, a+oFig, <+
JHE VWS oEAERRE, P RBYHR, T A VRS
W o Ze KA RO S5 5 L7z

THY)E DR ERBE & = OFHiZ AL % Appendix 1 (f)
VR L7z, WiNEERAILEE, MR, g v o o
WA HNTz. MMOYE OFEFHIZ AT, I 7 HITHE
FEMMICBIOREY L LR LN, T73EIE8
H22512H oM T, BB, i, #RHCHEF S
Tw7e.

z ®

—MEMic a2 MU, BB WO, Rk
M, REHE WABELZEORAEMEHLET LY
FTVA MY RERERTEwbND (E#E 1978
Hancock et al. 1992 ; 7Ll 2012). AWBFZeo#5%E, A
WCHhDEMEMB L OZoOFEBMIE T, MHE WA
M, OTCHUH, Wi, ROUH, WIER L Biloaw
J N EkRA B AL LTB Y, FEfoMEmERL
TWaBZ LRI SNz,

Naito and Tkeda (2007) (&, &[EHICHRAE L 728042
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7/ M) OFFELRRMEGIT, FEHICELLL TWzD
EEBIELTBY, 2o ik, EELHEFHIL
ICEZTWD I EERTERRTWD. KRFFETIE,

Naito and Ikeda(2007) ®» & 9 12, $FEOMAE G E L
72 OTIELho77-0, WHEREOEE XTI
W HIENTE LoD, BELTFYavg, 7
FIE, PrEEmAEERE, T AU A =, RO
i, nTVEBE, IIZFEREDLHIZ, —HEOWN,

KPEOFEIIE> TR SN T 28=, »TIVEL)
K, Ny yH, A FTE, NEHEELZEOLHIZ, HD
FEGIZET L CHE S T 2 B OSIELE S B 1712520
HHENT. RETIE, SOOI REMIER L

L LCOMEZIT). S6I2, AKRBWAETHL T
J M) ORI L LT, MNIER 3 i SO E DS
RSN L BRETREHRTH L7720, L LT
O IZOWT b ETT 5.

L BARICE S TR S T 2B O EE

DR S 2B, Bihcay b )o
AT BN B N THEHREIN TN L2 ER
T4, FR21 BiBAb a2 N OREY OB AR
WA oleZ b h, IS OB 0%
Sha s b)) OfFE L TEELZLEEZEZ LN,

9, AHETIE, 7HERNY 3 vRDEAEICED R
STz, FRIZ R Y a TRHEKER, i, KHEE
Vo oA BB CRERE I N TV, 7THERF
T a vEto N a v Misgurnus anguillicaudatusi, 7K
H R 2 O 0K & F 20 A - Bt & LCRAT
5 (FHEZA 1988 5 HH 1999). F 7z, mHRLHEAA
BOKH, 2KEZ W, s OREOBLERT &%
% (E5ARIE 2> 2004 5 B3 A 2012 5 HATZ 2> 2013).
T T, AKH & L2 EARKE (wvF b —
7) RKHEGEOKE, Wi, Y4 b—T ok
BHICRE SN LKA OERBREEYRET 570
Dk A I AAPERE S T2 (] 2012 5 FErr
2014). 3512, BT, B o HRBER 2
, BMREEVPL V20 (KEIT 2015), #SiZ L -
TIFKRIFTOENKHIER L T D, 29 LBRED
INEORBOER - Gl - AT E LTSNS
720, FERINZESNT Y 2 M) OREICELREY L L
THERINLbDEHEZESND. F72, WINIB VT
EAEPRE SN TWAZEQFEHITAREATHS. &
i Z b O PN AR T, L & o F BBREE & MEHr
L, #htay / M) OREEREZERT 572012, K

KEREIZBT 2T ¥ PO E, I AR
REZ IS5 MMA A EES N T2 (K
2012). & 2@ OBAELBIEA L, HEOLZ WL
MoEREHTIE, 9 LokBuI B 285855y /

FMIDEELTHEGTHEDLEEZLND,

WIS, T AU AT A KB R TR AR S
M, KHEREHERTS LRI N Tz, IS, Bk
AN OBk A REIETT A ) I W) T = ORI
ShTBh, Bihay ) V) OFELZTHL LS
fAA. av/ M) EFEAKIZ, 7AUAYFY T,
%8 (Lane and Fujioka 1998 ; &3> 2013), 3
JNButastur indicus (Kadowaki et al. 2007) & \yo 727k
M % G L 34 BEOTEELRHO—D2 b &
PG SN TS, LarL, £20—)T, JBRETDH
LT A B H =L, Z aEHydrilla verticillata (L.
f.) Royle’Zz & OTERILKAEW R (AT 2012),
b & a v r L a4 Hynobius tokyoensisiii: &
Vo ZRAEBM OB E 2B ErnmEsn (T
(I 2011), ARERICDEREaMELGTRHE VbR
(Anastacuo et al. 2005). F7z, 7 XU HF) H =I5
WILBEE I A LT\ b 720, ShRN 72 BRI 5 1E
LZevs (FE)INEA 2009). /MZ (1960) &, ¥FFo7
AN FAF) I AT A AE I EEL, FEICAERE
5 L RTWD, WS, SREHTS, 7TAY S
VA= Oy ) V) OERRE LR DT ETH
HENTVWLWRErH L. 4k, Hiav/ r)o7
AN I ) I AR T AT B R IR LT <
VBN DHTZH .

BT, BB ERE I ZK I B\ CRIERAT S T
Wiz FE e, AN SRR TR S T w
LarL, Al BHRAEE SHEETIE, KEDODD
», BEODDOPPAHTH 72, BARRIELIHA2S
4 IR SN T o 72—HT, KERRO b~
REHUKEET 3 HIZRE STz, 2o X1,
ZMN 7% IR SN T L BHMTIE, KERRAEE
RAHWRMLS B 5. Sk, BEAERR LKA RBRDFHR
IZED L) REETIY ) PO > TWw5Sh, B
SN HUEND 5.

WIS, 1)V H AR GOK W, K, BRI &
Vo ZZERIRIC B W TR S vCwn e, S L
IZBWT, 29 LB AP £ 7138l & L
THHEITA2ELR T INVHIZIE, =K 7 H AT )VRana
Japonica, <7 7177 T )VRana ornativentris, » /<
ALV, ZRYTIHINV, Yab—=" VT4 HITl
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£ 7 F T )VRhacophorus
Y F I
I )VGlandirana rugosa, % L THREDO Y~ H 1)
Lithobates catesbeianus7s & D328 T 515 (HA K3
). &Emifcix, av/ V)EFLREO-ET, b/
P TN EHULET 5 A )V BIEO bR % %
LZZTAETop T LIEIM2 T TB Y, 2 /¥
2 HIVOEIAHE SHTwWa  (HHE - #iH 2009).
ZL T, Sl oKHBIZBITHYVF P =T OHRED A
IVHO FREICERIRNIZEZEZ NG, 72, X<
IR, A, ORI NIRRTV, b
A= Aoz, KHAEBOEFERRLKHO L hE L
NT 77— ORI OKIE R ETHEAT LI ENTES
(k- ARAF 2004 5 FHAIE A 2008) . £ F 7 Hh o> 7K H Hb
BT, 260 TV HBARASATT 8 7 TR K H
RLIMERINC S KIBOEAFE S 2KHANL Ao, &
52, 2H, 3HE VoI EmEINA Mz 5 =K v
TAHTNRXY T HHTIVIE, ORI S & KH
LML o THEIIEIT) (BRI 1998). FERRIZEE
BFIX20154E 0 2 AH 5 3 I &4 & 2 HEEFHIX
DAITAIEAE L 72K H R LB 2B L 7238 2 B\ C
INSOh T)VEHOINRE ZHMER L T2 (HA K
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Appendix 1. A list of (a) Fish (Actinopterygii), (b) Amphibia, (c) Reptilia and Mammalia, (d) Oligochaeta, Gastropoda, Arachnida,
Chilopoda, and Malacostraca, (e) Insecta, and (f) Vegetable matters preyed upon by 335 storks, and their foraging habitats. Black dots

indicate preyed upon by storks.

Taxon Class Ordar

Family

Species name

Foraging site

Month

Jan. Feb. Mar. Apr. May. Jun. Jul.

. Oct. Nov. Dec.

(a) Actinopterygii  Osmeriformes

Osmeridae

Plecoglossus altivelis altivelis ~ River

Cypriniformes

Cyprinidae

Carassius spp.

River
Channel
Pond
Wetland
Paddy

@)
©)

(ON©)

Cyprinus carpio

Pond

Cobitidae

Cobitidae spp.

River
Channel
Pond
Wetland
Paddy
Ridge
Short grass

O

Siluriformes

Siluridae

Silurus asotus

S. asotus (dead)

River
Channel
Wetland
Channel
Paddy

OO0 O0O|l0OO00O0O0O0

O

Perciformes

Gobioidei spp.

Channel
Wetland

Odontobutidae

Odontobutis obscura

Wetland

Neopterygii spp.

River
Channel
Pond
Wetland
Paddy
Short grass
Long grass

OO0OO0O0

O

(OCNONONGC]

O O|0O

(ON©)

[ONe)
[ONe)

O OO

(b) Amphibia Anura

Anura spp.

River
Channnel
Pond
Wetland
Paddy
Ridge
Farmland
Short grass
Long grass
Bare field

OO0 000!

(ON©)

O
[
O

Anura spp. (larvae)

Channnel
Wetland
Paddy
Short grass
Long grass

O 0O

o

Hylidae

Hyla japonica

Paddy
Short grass
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Appendix 1. Continued.

Taxon Class

Ordar Family

Species name

Foraging site

Month

Jan. Feb. Mar. Apr. May. Jun. Jul.

Aug.

Sep. Oct. Nov. Dec.

Ranidae

Pelophylax nigromaculatus

Channnel

O —

Lithobates catesbeianus

L. catesbeianus (dead)

Wetland
Paddy
Short grass
Paddy

O —
- O

O

L. catesbeianus (larvae)

Pond

Caudata Salamandridae

Cynops pyrrhogaster

Channnel
Paddy
Short grass

(c) Reptilia

Squamata

Serpentes spp.

River
Channel
Wetland
Paddy
Ridge
Farm land
Short grass
Long grass
Bare field

Viperidae

Gloydius blomhoffii

Paddy

Colubridae

Elaphe climacophora

Wetland

Squamata

Sauria sp.

Paddy

Testudines

Cryptodira spp.

Paddy

Mammalia

Soricomorpha Talpidae

Talpidae spp.

Talpidae spp. (dead)

Ridge
Short grass
Wetland

(ON©)

(d) Oligochaeta

Oligochaeta spp.

Channel
Wetland
Paddy
Ridge
Short grass

CHONONG

Gastropoda

Architaenioglossa  Viviparidae

Viviparidae sp.

Paddy

o0

Arachnida

Arachnida sp.

Short grass

O
I

Chilopoda

Chilopoda sp.

Short grass

Malacostraca

Decapoda Cambaridae

Procambarus clarkii

River
Channel
Pond
Wetland
Paddy
Ridge
Short grass

(ON©)
(@)

(ON©)

O O

O O

(ONCRNINC]
(ON©)

(@)
O

(OANG)

(ON©)

(@)

O O OO

O

Brachyura spp.

Paddy
Short grass

OO0|0OO0OO0OO0OO0O0OO0O|0

Potamidae

Geothelphusa dehaani

Short grass

(e)

Insecta

Insecta spp.

Channel
Pond
Wetland
Paddy
Ridge
Short grass
Long grass
Tree stump
Bare field

(@)

CHONONONONONG;
(ONONONG

O O O

@)

Odonata

Odonata spp.

Paddy
Short grass

O 0|0
|

O. spp. (larvae)

Channel
Wetland
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Appendix 1. Continued.

Taxon Class Ordar

Family

Species name

Foraging site

Month

Jan. Feb. Mar. Apr. May. Jun. Jul

. Aug. Sep. Oct. Nov. Dec.

Orthoptera

Orthoptera spp.

River
Channel
Pond
Wetland
Paddy
Ridge
Short grass
Bare field

(CHONOCNONONONONGC

O

(ONONG®

Catantopidae

Catantopidae spp.

Channel
Paddy
Ridge
Short grass
Long grass

O

(ON©)]

OO0OO0O0|0OO0OO0O0OO

(ONONG®

Gryllidae

Gryllidae sp.

Paddy

O ICHONONONC) ICNONONONG

Mantodea

Mantodea spp.

Paddy
Short grass

(@)

(ONe)

Hemiptera

Gerridae

Gerridae spp.

Wetland

()

Dried grass

Short grass

Dead leaves

Wetland

Weed

Paddy
Ridge
Short grass

Lichen, moss

Short grass
Ridge
Wetland
Bare field

0000
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