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Seasonal Changes in the Foraging Habitats of the Grey Heron (Ardea
cinerea) on the Noto Peninsula
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Abstract

In order to evaluate the importance of the agricultural landscape for grey herons, we investigated
the seasonal changes in the foraging habitats of the Grey Heron (Ardea cinerea) in two river basins.
These were located in the Wakayama River and the Kumaki River on the Noto Peninsula. The
peninsula’s fertile landscape is well-known for its traditional agricultural practices and fields. We
conducted 15 censuses from March until November in 2011 in the entire waterside area within each
basin. Sampled habitats included paddy fields, rivers, ditches, irrigation ponds, coasts, and fields.
Seasonal fluctuations in the number of herons were mostly synchronized between the two river basins
during the breeding season, and a large increase in the population size in June was due to an increase in
the number of fledglings. During the non-breeding season, only the Kumaki River basin was a major
stopover during migration for grey herons, because a large increase in the population size equivalent to
that of June occurred in September. The difference in the seasonality of the population size between the
two river basins may reflect the latitudinal difference relating to the fall-winter migration patterns of
grey herons.

The population size of the paddy fields correlated with the proportion of irrigated paddy fields,
suggesting that the patterns of habitat use for foraging by grey herons were dependent on the degree of
irrigation in the paddy fields. Furthermore, the number and proportion of herons in the other habitats
became larger when those of paddy fields became smaller. Thus, the complementary relationship
between the seasonality in population size of paddy fields and of the other habitats suggests that those
such as rivers and ditches may play a role as substitutional habitats. However, the combined population
size in the rivers and ditches did not amount to the maximum population size of the paddy fields. It may
indicate that food organisms in the rivers and ditches in the two river basins are poorer in quality and
quantity than those in the paddy fields.
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The location of two study areas, river basins of
Wakayama and Kumaki, in the Noto Peninsula.
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Fig. 2 An observation area (shaded) in Wakayama (a)
and Kumaki (b). Dotted line shows the forest
edge, the boundary between open areas (e.g.
the fields and the town area) and forests.
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Fig. 3 Seasonal change in number of grey herons per
round in Wakayama (top) and Kumaki (bottom).
Line shows the range of values in each biweekly
census.
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Fig. 4 Seasonal change in number of foraging grey
herons in different habitats of Wakayama (top)
and Kumaki (bottom). Each habitat is shown as
follows: paddy field (circle), river (triangle), ditch
(cross), pond (square) and coast or field as
others (bar). Dotted line shows percentage of
irrigated paddy field relative to the total number
of paddy field in each basin.
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Fig. 5 Seasonal change of foraging habitat composition
in Wakayama (top) and Kumaki (bottom).

TR AR DO KYEE THA LT .8 LAETD
B A EUIRERER DRI KIS L2 B L2580 bl
(Speaman’s rank correlation test : & LJI[, o= 0.79,
p<0.01; f&KJIl, 0=0.90, p<0.001), 7K Iz
5 KB OEEEE FEE, KB OEEEOEREIZE
AL TEAE U7 7)1 [ R R OB EE B A 40137 A 2>
SN L, BBA)ITIZ9A LA DEREEEEE D
E—r nH o,
EHOEITE & bIT, TAYXOREFHTIIAKE
DB~ 72 (K5), 1FRAEH - Y D2
ERE LRI d 5 Kk BEEEE R O EI&1E, RER
WBEEND6R ETEML 22D, THPBHRA IS
7polz, TR - T, KELUANDEFZETIZEIT S
BEFANRZ DEIEE ED, TOHFTHRHIAI
DOHREEEFEEOBIE A Em I > T, 8A LI, REAJIIT
3K B LD 3\ IE TEREMEE B DOEIS I ED 2
BALTZDS, B TIEZED I DAL D> 7z (¢ test with

arcsine-transformed data : #&[L)Il, t=-123, ns. ; f&
A, t=-5.51, p<0.01),

V. & &

1) 7AHFEFBOEHEL

2ODWMMTH LN T AV FOBEBEEOZFE
I, FTEHRBEADEZA XV MIE BRI
BEEHEY A AOEERBLIZEEZXDOND, 2
DDV TRIBRC A b= BEOBEEEEMT, %
FED 7= DI BN D T AV X OEEHBEN
AR EEZ BND, DD 6 DE LWEGE
ML, EBE, 6813 < DHEIHERINBDZ
EMB KK, RARK), B HREDOIMAIZ X 50
LEZOND, LLARRBS, $1EI1I8A & THER
nizizbnbbd kM, RARK), 8A LA
BEAREGZOK6EIFY OEEEE THRY LT3,
ZDORIT A XN~ B E L2721
RZozEEZOLND,

Z OB BDITHRICOWVWTIL, 2o (T - iT
I, 1998) , # A (1L 1EA>, 1980) &M (Lekuona,
2002) R EREZ HND, BHWIIHLICITRE
B3 0, REAR)IDFIVATLLREIZASE L LT
KEENBARRIBTH D, T bOFFHB—REH
REEEFT L LTT A FIFIHIh TS s L
Nz,

9 B T IXREA) N Fits T D A EE S DO FE L\
R EINTz, PXFIZ ORBE L Rk, HHEH
LIEETEIA~OBITIC L b 72> TEHIBE) (FKOE
D) BEEEV, b DVITEH DOBAHA~BET
% (BEF, 1982), EGEHKEOE TV EHR/OHE
BEHA D, FAEFIRZ & CRIERMIRIZRIT 574
FXOBFEEBNISHITITITKEL, IAICKBER
ZEHBBBPE oo EZOND, EVIZXAEE
DOFANE o T2REAR) IR, 7AYFITE>T
EY OHfHTH D RIS,

fth 5, FEETEHD HEFEHICBITT 2 REIT,
EHNLIF~L T AV XOBE) GROEY) 234
£5, LLAand, EFROBEBEFKEOEIICH
B OE VIR LN Do T, VEEFEDOEY IZET
HEIRIIRZICZ LV, FEMEY EHICEED
LREFIRA~A—KICOBT D72 E, TAYXOEDE
DITKDIEY LIZRRoT-BE X U BHDBEEZ



bbb,

2) 7AYXOFEFARE

T AV RITEFESI D H I HEEITKE TR L,
)AL DFET OF FASREE HMEVZ & 238 & A
Rolr, BIZSATANH6A E TII/KE TOREEN
ER LTV, EKINKBIXEREFOT 49X
e TEBERRERFHTHY, ILITBRMN->721E
1Y) DHRIT L > THEEREOFIGHIZ 2> TV
HrEZOND, TNWZ, TAPBITORIZHFL
WL THAKRMET LEERR, KESmaEEL L
T EE D3 LT 7o O IR EEE LRI T 2 B L7z
LEZbND, TDOEHDTIA TEANG8A EAITH,
T - REEEE RO EBITHABOEENIHARL S L
TW=Z bbb, HKEORERT AL
KEFIFIZE BEL TV ERBRENS,

BRH D% I H D TR BOFFSEE OETI,
TN B 72 LK B LS OFFBEE O LRI -
Te MRS, T O DREFETIIZ ORE, K
Bk 2 RERIZ2EE5 L L TOREIZHE> TV D
EEZBND, LMLARND, i)k O RE
EEIX6 B I A BT AKEORKEREEFEEICLS S
NTHL/PMEL, REEZIZBWTH6A DR
BEEHIIZOH LRSI TWRY, $FEOAR
HESCEFEFIIEEY DM, A~ A D EE
< Z T T3 (Hafner and Britton, 1983; Powell,
1983; Butlerm 1993), L7=2> T, ZNEFNDFIR
WNORIAKEEIZIE, KBZEERHE LTREL 2o
727 AV X OEEBEY A A& MR 27200 04
DI TWRNnEEZLND,

BREICE - 2 BEmOR A, X0 BEHRE
ERAOSE, KEOEFLE LTOMELZZELLET
IED5 (FEIFEH, 2006), FEHMTYH, IANDEE
F TR Y A HREX ) $F TEBARBOKEIZ S
HoNTEZ LIZL > T, TAYFIZLAKAFRAR
BAhLTwozeEx bbb, BELoLdiZ, %
NTHABFIAIHENTW-DIE, TAHFX0EME
DEFSITRE L TWAE2S LRV, 74H Xt
FIZRABETHIM, BEBY LHRT 5 (ERIZ,
1994 ; K&, 2006), ZD7=%, EHIKREDOKETD
BEENFREIZ/R>TWNE LB 6N (FBIEH,
2006)

AR TIE, FINET A2 & > TRKEORE

HREERTH Y, —RREEMR L L TEE K
HEZHoTWB LAESIT O, &biT, FEEFE
HICREARNITHLNZEY E— 7 BFRHZBW T, 7
) CEREET 2 BT BB X 72— T/K BEEEE
BB LI EPORFEDZ EBRRBREIND, §
BRI T 2 ) ORBEIE S IIREE DK H
WL BRNTIHEFITNEIND, KEOHEARIIZ L -
THIDOERSE & L COMEIIEMIICEL b L E
bbb,

FEIEA (2006) IIEREREMAHIZE TSV X
BHORET, AKHOWREBIZ» b b7 44 X0
JFIAEEENEFREEL TV 2L,
ZOEHENSTIINIT A X0OLER L LTERE
LI-ffEE RO LR LIz, —F, AREHTIIT 4
B X DK BF FEEEAERIENCHE X 0 & i3,
IEGEITE LB LR A LN, Zh
RN OEES & U COMER RAFET LTS Z
LETRLTEY, 7AVFILRIFANIKEZFIH
LTWa eEZXbND, EMAHOML)INZL 5
T, MERBOFINNIFE?/NE L, FIATTEE
ERRCERMER DI N2 Y, TAHYXOEEB L LTD
IRV S LRV, L Laeds, AR
FEREND, WIS L L TOEERZREE % 52
TERW, {IZIXLHLTIRET L OEEEMIC
B 2 FEH), EERMLRBERBLETHA I,

VXEIIT ) M) OFEEREZITICDKEED
REIZB T D461 2R E LTHERE IR T3,
ZFOFT, EARKB~OBIT (FBITD, 2006), K
BRI X 2KE &) OAEROEE (RN HE,
1993) 2 ENfERMIN, KO 7 ) — MeirdE
R RDEMDEESBE % 15T &Y OB
EOEFIOEZBEINTWD, THIXOLES
& L COMEMMBEIMEVVKE, XFOEESCIE
DRI IZH LT, KEDOLKEHRK, AEOH
fr, T - KBIZB T 5EMERREOSREL Z N
ZHTH Z LTk - T, HBANOEMEELRER
WCEOLZ LR TEREELOND, LR
Do, KEADELZEHEAKIZ X DBEOFRELR CBEEIC
XEEZETTHELH Y (LARIEZH, 199), Zhb
PER LI-BEOERNEEND,

bz, YXEORLEZEDD ETHEEICL D
BEWEL?ERTHIVERD D, KEOBAHE L1
Y, PRFEC LD BERFIL2ENICHE I LT



5 (MEA, 2012), AEHMICENTY, MBI T A
P XK ETEREET 572012, INRAERD & ARG
BEHFRS STV e ORif, RER), 2O X527
FH X OEFHRKBFAEZEMT 57290, KEL
NDOEEF~DO AT Z L NHB A TII RN L
ZEx bbb, AR LW - KEOBEIZMZ T,
BHEMGERZFIA L OKIRELZEV T I b E
BThA, REFROKES X, BILAOBBES
BEIT X o THHERMSERAEEMN U TV 5 o L s
ThHY (BARDEL - ByEiHE—ItERSs 7 2 -,
2010), fESZ DRI & W\ 9 M THEEEROR VIR L &
Zbhbd,

B O AHEECHE ARV REILE, %
£, EFHEE, THAOE, HNER, BRE,
B, MEHR, WONES], EABHEOEKIC
EL LB L ET S, FRICOWTEZBEZ W
TRV BAOEFE \CRHE L BT S, RAEKE
ELIIIERMNT OV FREICE T2 /52 EHEZV
7212, AFRIICRE RIS ERFTRE (B
TREe IR A BT TBRILEBEAY) OB
— BEEREENOHR~MITRE) L EREN
77

X

Butler, R. W,, 1993: Time of breeding in relation to food
availability of female Great Blue Herons (Ardea herodias).
Auk, 110, 693-701.

Elphick, C. S., 2000: Functional equivalency between rice
fields and seminatural wetland habitats. Conservation
Biology, 14, 181-191.

Fasola, M., 1983: Nesting populations of herons in Italy
depending on feeding habitats. Bolletino di Zoologia, 50,
21-24.

Fasola, M. and Brangi. A., 2010: Consequences of rice
agriculture for waterbird population size and dynamics.
Waterbirds, 33, 160-166.

Fasola, M., Canova, L. and Saino, N., 1996: Rice fields support
a large portion of herons breeding in the Mediterranean
region. Colonial Waterbirds, 19, 129-134.

Fujioka, M. and Yoshida, H., 2001: The potential and problems

of agricultural ecosystems for birds in Japan. Global

Environmental Research, 5, 151-161.

Hafner, H. and Britton, R. H., 1983: Changes of foraging sites
by nesting little egrets (Egretta garzetta 1.) in relation to food
supply. Colonial Waterbirds, 6, 24-30.

Hattori, A. and Mae, S., 2001: Habitat use and diversity of
waterbirds in a coastal lagoon around Lake Biwa, Japan.
Ecological Research, 16, 543-553.

Lekuona, J. M, 2002: Food intake, feeding behaviour and
stock losses of cormorants, Phalacrocorax carbo, and grey
herons, Ardea cinerea, at a fish farm in Arcachon Bay
(Southwest France) during bleeding and non-breeding season.
Folia Zoologica, 51, 23-34.

Maeda, T., 2001: Patterns of bird abundance and habitat use in
rice fields of the Kanto Plain, central Japan. Ecological
Research, 16, 569-585.

TE Hh TR - P EESC - KE&EA, 2006 : AKH &
FIL, =20 7 B Y BPAAE IR M C O EESE O AR RO i i — &
AU AR T 2 FEEHEIEL LT—. (REARFMN
%, 11, 35-42.

FRATERS - N 14, 1993 : LHIgg R & - FFOBAT. Strix,
12, 121-130.

AADRL - Bigdii —bFE&s 5 25—, 2010 By -
Bifg: AAROHSERFNERET v FAr—7 —JLiEE
DS & #F) —, EBSES KT, I, 109p.

KEBHE—, 2006 : FHLR TR 61T 2/ VUL O A B
Wi (2003-04) . MALEIK A BFSE (Kahokugata Lake
Science), 9, 23-32.

Powell, G V. N, 1983: Food availability and reproduction by
Great White Herons, Ardea herodias: a food addition study.
Colonial Waterbirds, 6, 139-147.

PElR e « fRILRAE - HET X%, 1994 : SFEHNICRIT 5T
¥ Ardea cinerea D=4 LEFEHGHIH. BAARABER
75, 43, 61-71.

MESE, 2012 : RERBEEDS 1L I B9 21T B - Bt
FERWEE. 166p.

Steinmetz, J., Kohler, S. L. and Soluk, D. A., 2003: Birds are
overlooked top predators in aquatic food webs. Ecology, 84,
1324-1328.

BB, 1982: 74—/ FHA K BAROHR. BARE
BD%, 326p.

T M - DR, 1998 : 7o it - AKHEHIHF TS DY
FHOERHH M. AALRBFREE, 48, 17-26.

i - HERf - KHEX, 1980: REAMICEIT D



Y OLE A BT L HOEER L CRAHA. B, 29, MIZTHRET 2 0 EEHOBWD &M 57D DRSZ—.
69-85. : Strix, 17, 127-132.

IAER - RMZEZ - [UARBER, 1999 : A)IERIME T DK
I BT D BAH O b EEORERIF M — FEH



