SErixX vol. 23, pp. 39-50, 2005
A Journal of Field Ornithology ©Wild Bird Society of Japan

FAIFNARBIZERGSBEHEROE N KEHEIEA-E

IS EER - HE R R AR - 5455 22- Aaron Bowman?

1. EREFEEE - NERERSEE. T989-5504 = i 12 5 R AR & A BT == b 40 Bvk 17-2
2. OFAEYITROE. T989-4102 BEHELEMAAES S ARZRET/NESH504-1 EEEELRENRN

3. University of Minnesota, St.Paul, Minneapolis, Minnesota

LIS

WA, WS 124 BT HKAEMBEEL, OB HE 4L - B Xk cilEn
TWDT8), RIEDR AL > TRA R B ZZ T LN D% (T~ w7 /N 1997) .
1, HAROWHE, WIIThobb MBI/ CODISKRELE, W7 Ty S ALIEENDAR
X BT 4oy a B OACKFPEDA AT /NA Micropterus salmoides Td#ob (LLF, /NAL
BEFRT D). SR REOEE BRI AA LKL Gl 2002), fli A4 i U CEEE W (A
1993), FRUEH GRA 2001) 228 45 CARERESE A BRI ZL S ET213D, PR EHRE KAE
B AT BE B2 12BN 2o TS L 2002) . 2D X7 KAEMBEE DO ZA L,
TEWEHH O BV DKSHEICH BT L2EN TRITED. NADK SHE DR
ELT, BEMKBHICES> TORMEIROME, b ORSENHE, JEShoL 7 —=°
FIRICES TRDEDTLNDZERERHIT LTS (HH: 2002). LL, SADKE
BEE A~ ORI TE B EHI L7281 370,

EIIRALEICH AP R ENBITEO KRS, Eif e an BEE#EXICHEESh
TWDIED, KBEDOREE BHLLIET 2 — L RO REIRHT, FNEGEOT - I1E
HORKH THD. P THRIRFL W~ W Anser albifrons IXENTERKELD 8EILL EAG
AN JERL O B IR IR AL TlA F51F2> (Shimada 2002), —4FE4 1@ U TR E %<
DRSSP ERT S, ZOBRICBIT K BHOREIIFREEREHOOEOTHY, REDT
DOFMET —HENETHEMT, EHDIXI99MFENSK SO T/t =20 7
ZREREL TS, — 5T, 20014EETO SFEMICNAD BT Eb 7> TRIERFEN KEE
{ELT=Z e S TS (i 2002) . AAFFETIL SADR AR 199447352001 40D

20044124 6 H 2 HE
F— =R AFT I NE, TG TN, T, FIERELE, Y, ST Y, kR
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1. A FRA X102 KA ST OKIEE 40 Fr DG A (W) TIT7e>72.

Fig. 1. Study area (Izunuma and Uchinuma). Bird counts were conducted over open water divided into 10 sites
(@ :observation point) and at four artificial feeding sites (H) .

SHERNT DN T, MIFRHEDEICIZEL R K BHEEDEALE WL, NADK EEHE~DE
B TEAmL 7.

HEMELVRAESE

AT E IR O ST L NTE (FHE 8 1 9 :38° 43 E, 141°06°N, & 6m) TI772>
72X 1. FEHERNBIZ IROKETORRTZH#ELH-TZHT, mEITENE R
289ha, 98ha, VA /7K 1%15km, 5km, &HIZHRARKENL.6mIZE DB THL (LLT, FEH -
WET D). JAFHOIZEAEDRKE T, OKEEMHIAKELTRIHLTWD. Fividay
Phragmites australis, ~ 2 Zizania latifolia 738 51, IRIRDITOHLT, /NA Nelumbo
nucifera, 717774 Nymphoides indica, 7% N. peltata 72 7ME 5%, 19984F 8 A FAIC
ZEMIC LD /K D72 (Shimada et al. 2000), 19974 F CTHDKI50% % - TN NARETE
IIAEFEL (SRIFF 1995), 19994 AREEL Y% @ A SR &g o7z, NATREDWRLIL, HHT X,
THY, BUREEAME LT

KO RETIAE, 19944F 47 5 520024F 3H £TO SEMNT217H], 4ERT 61575
46[5] CE2127[0] /4F) , % 1A FTOFAE XTI T o7 (K 1), @k $E T 5720 1E
TEVZFHIT 5723, $EBEDBIB [>T TkmEANDOKIEE HHNDINTE mARELT-.
T DB 72 P IS Lo TR B Z R LIC NS &L, EAZBEIL GREXNOTRTO
TEARRCAAHRE T 2 I8 T, FAAITREARIIFRTTIATR, FHEXITLOE RHAIC
FoTELNIEHIEEZET LA, 20 AOEEKELE. BEABAKIWEA I, #h
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PARIZE T TLOF S LIT1003F AL TEA S FHIIL 72. FRADBRITIE, 10650 MHREEE
0fE D LIS, BMEOHY 2 —EbHUN .

HBCTRESEI AT OO, HEEEO DI, RATHEORABRY - E 8K BEE
U, ATV Tachybaptus ruficollis, 772 V71 A7V Podiceps cristatus, & A ¥ ¥
Egretta alba, 29X E. garzetta, 53/ 1 Aythya ferina, 7 v/~\1 A, fuligula, 54
0% Bucephala clangula, 337 AY Mergus albellus, U7 A% M. merganser, &7 /32
Fulica atra D10FEIZDOWTHHTLIZ. DAY T Y, ZAYX, 2, 4300 AFEIZONT
i, BEFED2 7RO T =2 &L B, 2Ot 6FEO K BHHITA B EL TRKT D720,
LLHS 3HOBAWOT =226 b e, BERAEDI S, BAHOFAREIL 84FEMIC
87IRl, A=) 3[EIANG21[E] (SFH11[E]/4R) Th-oT-.

28 - NHEOFITABIMA O 1RSI0 BEK SmmD EBHE20~407-#EL, BE
8cmH10emD R LHE20~ 3042k~ CTaA Cyprinus carpio, 7 $8 Carassius spp. % Hl»
(ST, FEAR SIRE DR B LIZ10~ 137 FIZH105 L 17z A fa ok
b, MRS A3, B OO BED O B E LT (R 2002).

KSR I AN T 2 AD B A TN T 272012, FEBE L) & D%
BIZE DB D0, ARITMOERICELE DT, BT B &OELEBRRHHII I
ZHOD, ERRETT2MERDDL. DT, FANTIK S 10FE O [ SE 8 R 5x sk, Ik
(2R AR (19944, 19954F) LR AT (20004, 20014E) O FHE A S AL BT, T
(23 3 (100- SR DT E AL/ S A2 ARTOFEEERE X 100) 23R D7z, SEIC
RAFLZ2, IR EMEOTEDOWD RaA, MAMEOFEDRD FEBEL, A<BOLE I E
DI E o TEDOFROE LD LT S LTz

KSR DH G, A A AR AR Z EIZEA T2 (Cramp & Simmons 1980) . 2
EAVEIE TR, BR, FEE, BR, AONREEWE L, RoNURIdUKEHE, B, B
LEARBEOR T, 3, XRC B ISTROERRIEA R (- B 1997). 2078, b
SHAZIEABIEOREL, 1300 THEMEMHEORELZ. s THEREXATHNY
o, IAY T, I BV TV, RATaHE, a7 AV, BUT AV O 5FEE KB,
FAPXLat0 offiz K EFRHRALELTZ.

F BV SETRED RN G 2O RESEFAD RO BRE 53T D721, e KR
(UINBR 1956) LD ROBMREZ R B AA T HNCHER Uz, 7, TREO TR (R gk & i s B
DERE T D201, @fE (2002) DT — 2 &AL, KA RICELZ KD 2 EY
FEUEZ JIARHS - K EF 1989), /NUATE (~20cm), A AT (~40cm), KA M FE (40cm~)
T Lo A R (f12R), KendallDNERHH BALZ Lo CTHA X1 i &SP B R R % o> B
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REHT LT

FREMARGE THOSD, 1Y 7 NIHREGFTEL TR TIaRS, BIGiTe L Thix
FAT5. T2bb a0y 7VOMEBEC T A AR BN BH I B L T
DATREMEN S 5. BN/ S AR ARTD1994/954F L2 A D2001/024E 1281 DAY 7 VD
18 A S B (4~8 H ) LIEEHHI (9~ 3 H) 1243 T CThulR L7z, IRISH A T VD E Finsb
IR HT=D 4~6 HITHBITRINI A D NEAFIEL T, N RRAFRIZBIT DA
FIVDNBA LB LTz, SRR BB OPFERITATR2W, SE) LB~ [>TV T —%
FF TN T NTOANEAEFHU L T2, SR ARTD19944E L2 A D20044E128615% 1HH
720D NE & Heig L7z

S
RAITI9964FIT0. TEN I ES ALT= %, AIITHININL, 199T4E LI AE 2t St RS
A7 (Rl 2002, (X 2) . SIEAIROMRIEE SIX 1990451995 2H T T28t0H37t Tdho
7oy, 19964 LB L1t 5138, NABIELIFTO 3570 LR LTc. A X0 RE 7%
&, ENEIMEINIZSH T3, T Th¥ T2 Acheilognathus and Rhodeus spp., &Y=

Pseudorashora parva, €0 Gnathopogon elongatus 728 %G ¢ e/ NUAFEOB/D 13 b - L
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2. JHEE-NEIZHRIT DI EORFZAL (G 2002)

Fig. 2. Annual changes of fisheries in Lake Izunuma—Uchinuma (Takahashi 2002). After introduction of Large
mouth Bass (black mark) in 1996, the annual fishery decreased by one third with decrease of small-sized
fishes (e.g. bitterling, topmouth gudgeon).
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. 3. Annual changes of
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800 Aonon| 400 oy tk.le nt?mber of wetland
60 Aythya ferina | 300 Fulica afra birds in Lake Izunuma-
40 2001 Uchinuma (mean = SE).
20! 1004 Generally, all birds

0 0 decreased from 1994 to

ELL, 19964 LLRMITIE 15t H22t D Beisdh o 7273, D% 130.3t05 1T Lz,
199447752001 4E 12T UK SHI0EDREL L DL, FTLITHEITHDLLOD,
IME B OFEIX7L, BRI RRANIED U (K 3). hTh ¥4 199441218 & Fiék
L7223, 2001 4R (12 P T LT Uiz, Ia7 A6 o F LRIERIZ 19944F D 1021 225
20014 FEDIAPLAEZ LI LT, AT, A", dmhvanvn, Frranvn, mtdy
2 E, HTT AVIEI99TENHI9BET NS TR INL, ED%IED LTz, A%
DERELIT1994FIZ 14T, 19994FIT1I5P & 20D —203HY, ZDFELSNI D Ih -1
Y BITAY T VIX19964F ETIEAEMHINL 7223, ZD%ITBA IR H > T-.
FABEDOR VR, Frranvn, FF O RITENZEI58.8%, 22.4%,
12.0% CY¥H31.1% ThoT-. RMEKGETREOWRD F5 458, WAGBBELClD 203
HoEbENSTEDIEIAYTV093.1% T, IRWNTIZT AH069.0%, BT T AHT38.0%,
RAAHET25.5%, B DALY TVT22.7% Th-7- (K 4). ARSI 3D
B e gk B TRROBDEE TN ENERT 5L, hAYTVEIaT A0k
KL, B OB D LRIV A EICE»- 72 (ENE N x4 =16.5, P<0.0001, x%=
7.4, P<0.01). K EFHREITIX, #AH¥32.8%, 2H¥87.3% DIV =T, ahX O
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4. Fa R MK STE THE (M) SIS EE (D) OB O el (F8: BAGEBIMEIK S, A0 K ERFRAY
IR, x P—test: %; /X0.01, s%; /X0.001, skk; /X0.0001) .
Fig. 4. Comparison of percentage decrease from 1994-1995 to 2000-2001 in the number between fish eating
birds (M) and non fish eating birds ([J, left figure: diving species, right figure: ambushing species, yx 2~
test: *; X0.01, #%; /X0.001, ##%; /X0.0001). Percentage decrease in Little Grebe, Smew and Little Egret
was significantly higher than that in non fish eating birds.

<BIELDOERS Billlength (mm)

100 Hh4vI)
Tachybaptus ruficollis a4y
Egretta garzetta
80
2[AT7A Y
o Mergus albellus
S 60- X 5. famtkB THOSHIZLOREL
ks Wb SEOBIR. O: WAEBIL,
E HITTAY Ok BRI
;-I- 40 (A)/Iergus merganser Fig. 5. Relationships between bill length
;i.\ A and percentage decrease in the number
= o E. alba in fish eating birds (O: diving species,
20 toosT O B AT dD ambus'hlrf spec.lﬁs).b'})er‘cen.ta;ge
Bucephala clangula  Podiceps cristatus ecrease in short bl‘ ed }rds (Little
Grebe, Smew and Little Egret) tended
to be higher than that in long billed
0 w w w w birds.
0 30 60 90 120 150

IR EMREOBD RIVL A BICE -1 (x4 =14.1, P<0.001).

RMEWER L TRORBD FOBIRE HDE, WAGEBIRL, K EFRHRALLS I IELOE N
FEIZE WA EOEMEAMDFBDO B (K 5) . 1994902 5H20004F 12 81F 50 A Rl & L
RV E TROVEEEABOBERE 2D L, /N AT OISR FOEEETo
KA B IEDFBE AR BT (Kendall DNEATAHES: © =0.81, P<0.05, N=7;[4 6). -
KIEFaFEO S B oY%, A XBI B L2 O 6FEOEARENIIA B FHEIERO 5
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X 7. AA 7 FASAMRARIEICEITD
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Fig. 7. Comparison of the number of
Little Grebe before and after
invasion of Largemouth Bass (mean
+SE, U—test: *%; P<0.01). The
number of Little Grebe in the

breeding season decreased after
1994/95 2001/02 1994/95 2001/02 invasion of Largemouth Bass.

HIEHA (Apr—Aug.) JEH BB A (Sep.~Mar.)

{B{A%k No. of individuals

Nizholz. UL, HEEITRWEOD, XWX, hUT A%, 127 A4S OEEE LNl
FEDWD LEB I T DM RO BT

INAUZ R DI AY 7 ) O A $i A B L I BRI 31T TS5 L, B A
V7N OSEEEEBUT S AR ARNILL8.TRTE o723, 1R AZRITITL6P LA BT L
(Uhosa=1.5, P<0.01, X 7). IEBFHHOMEELED S AMRABITHD L2, A EZTRDD
Miginotz, NAGO NI, SARARTO19944E1T 0N (N=12) 7257288, SRR AEKD
20044121 K42 N, F4523.2 N (N=5) [ZHNL7=.
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B

A TP OWEDOKEILIL 21T COD (b Pl R R &) DL DL, 8.0
9.6DHETHIIL, KERZUITRDOIRD o7 (EHIR 2002). F- i, KEELo
FRIELEND B EFOKRESVEL RO DIV 0T, ZOZEITHRAERM S, KECEE

WCRERBALN Do Te ZEHRBERL TS, F, IR ORI AREIE DOTE 35 LI
D199FNT T TITE ETVNDT, NARETE O TH I TS Bl b O B2 O B TlEipne
FEABND. LDL, NARRE OB RIIAERFEO NG AT OS2, ZHUTESTAN
ADHREBNRD LR ST REMEN DY, AR DA AN L Thonb L
V. — 5T, SAOHNEWIE, 20mmEL EOfE R TIE= AR (Cyprinidae) {1£2, 30mmEL
THEAARHEA R IR LD, ZOUTEHH RO LR TEYIOX TRkl AL
HEOERSAANBRKEULL TS (G 2002) . LA EOZ &0, EEOR/D I, KECK
B, AT E OB L ClE e, SR A AN IR L 2 B,

AV TN, AT AY, APFORDRITHIARAF L RWFEOEA RIS A EICE (K
4), ZhbH 3FEDOSHITLORIIFZENENORREZ AT O FTHO K LS AV ME [ A3
o7 (B 5). FHERME) I 0 T8 THALNET T OB O KRESIL2.5emED/hIH
HODENG b o Lb R, RRT5ecmETORFLRAE L. —FH T, XAYFFTIL bemDE
MOEIGEHboLbEL, HKR20cmETTHY, 2HF LKA DO HIELE A LT (Tojo 1996).
ZOZEEFLBIFLOFWIZE /NS RBME R T 522 RLTWD. bbb, NADHH
BIZE->TWLBIELOF Y 3HEICHE L7z KESO/NRIFFE DA LTz78, STRO IR
DLIZEEZBND.

WO NPT AAYTY, a7 AY ahX0r6 | 24X TOH/ N AR RE RS
A EZRIEOMHBEANGROHNIZ (K 6). SR h 2 BT CHARLN-a ¥, ~AHTILE
HfDRYaY Misgurnus anguillicaudatus %A TiECEIEREL, )1 TlXilEk@a DY ¥
F= Tanakia lanceolata, #2355 )= Rhodeus ocellatus 725 & HIREIE TR AL
(I H 1994). - NBOEERIKAERTHDHY 2 X578 Phodoniichthys laevis, N
=3 /R Rhinogobius sp., OR 72 &1 19964E I IFifIES =AY, 20004E (2 ITifES N2 -
7= (FifG 2002) . NADIH RIS TR TEIC L OB BITHE L7 KA RSB L, FFHIREE
V3 LT AR E O/ NS D LT 7200, S OB Euc N RO g R e
BERRHEBENEDLNI-EE DD,

— T, WAKBBO AV TVEIaT AV xaA, 7T 88, VA Leuciscus hakonensis 73
EL 7% (Cramp & Simmons 1977) . /SADIRAIZE ST, TEHEBRANIIDL, D%
H TR E DWERK ) ORI T D Wb TRY, (I - N ThilFk O
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Vo, ZH RS SRS WS, U7 A TRIMEEC Do 72 (R 2002). ATEIO Sy
Brcix, =24, 778, 07 ALt/ NUBTRIZE EIVTROLD, ZRHOHERIII A T R0Ia
TAYDEMERDIENACEZLND, T, HAYTVEIaTAHEIF LBl
VKD N FEL R FTRE T o 72720, IR RO I i B LA N B Db o 1o
AbD.

BTV NS R O e B LRI BIE 27 b DO, Bk R TR E T, Hok
HEWEADRERUTZ (K 4). ZOZETRWEIR RSO EREZEL TWD TRt R
LTS, SAMRARIRIZ BT DAY T YO EEE T 5L, NSARABIZERIC
B BEABEDSH BB S L (" 7). —5T, AZRENONEIZHIL T2, SV 7 )i3=s
JR728 O FSIE IR A D> TEIET 5. 1AV T VOBEFEI I ARSIV DL — XN
0, HAYT OB T Tl D BRI S RGN ADMEES b, I BNIC S B AL
b, SAPMBAUIZ T RO % 2 SR A L7511 (2003) 1, HREOREAERE D
AV T VOAEBIZRME Y TROVBREIZL DD DL T, DAY TURARLRWELEROUEDEL
<, PEBH LT RN/ SAE ADR BRI %, 1179 (2000) bk B4 RIS
HB G52 5BROOLHLLT, D AH~DHFI NDEEI AT 28T TS, EERIT,
P N2 L DD NBFF D IRNE R HIEE, KR EIED EH e LR EHHD
A %032\ (Shimada 2001) . 20D KT/ SZE90 AT LD BGELS 6 47 7 ) O K
DB TS TR BB

ZDINTAZADH I D/NUFFEDTA T LS TH o Lb REREELZ T e0iF=Y
X, WNTHAYTY, J97 A ThDEEZDND. BCEILTHHAY T VICONTIE SR
FID NI D BIE EH L TODEBZADND. SHIZZILOFRITIRW TR R,
B AR~ = DO INBAFEDW & b BB o7, 5 A3 L
HTT AP IR SAD R B DR T2 RN DS D5,

E
SEHRFD FHBEAEEITE, AFEETHA TR, Z<OEERIHE L2V, BRI
R o Z— DO P ESL A AKREREZ IZ O W TORB ANV, BAL 7Y —BIORE
FINTEERIA NNV, LUK OEEZET5.

EZ 8N
1. 19964 LARR\ZA A7 F S AR QI L 7= IR IR ALER O G IR - NIRIZB W T, A4 7 F S 2DOR AR
% D1994ENB20014ED BERICOWT, AEREDOZICEL ) K ISTEED L LA HHTL, A
DT ISADIK SRR~ D B E AL L=
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2. AAIF SALXI996F 0. Te AN RS T2 %, SIITHIINL 72, SUERROMRIBERIT19904)5
19954E(THNT T28NDHITLTIH 7=, 19964ELAMEAF 7 F /S AW LLRTD 35D LT L=, B
RS R A BB e, XD, BV, XERal B E T/ NAR OO RE LT,

3. BEEUKBHHI0FETHOINAYTY, o DVIAY T, XAYFX, ahF, munvn, Frranon,
RAVOHE, 2T AV, HITAY, A3 D19944ED3520004F (231 AR ORAELEALE H5
&, EZLTHERITH SO0, $EIMERM ORI, BRI SRR L.

4. K SFOEBBEA I T DA A 7 F NSAOREETM T D20, AA7F A2 AR OEAESK
MO LR R E R, MFEIERELRWE (Reovn, Frranvn, £430) L2 bisto
FRMAKEE TRTBDREHRLIZLEZS, DAY T, 33744, a¥X O RITIER RO
BORIVEEICED ST, T ROEN-T2200 SO HIZLOESIZZEOMOFEIV N
fE B3 o7-.

5. AEMIK B TROEEES YA PR RO BRE L8, /INUAREOIRE f Lo PO
BETORABRIEOHBINRO B, - KA ORE R, T P &L Z O 6FE
OARAEEN A B BT b o7,

6. FARMAKSHH THOID, BV TVORIBEEHGITEL CORAT5. B O AV 7 I Of#
IR, A7 F SRAMRABITD LTz— 05T, SA$0 A O KT L.

1. AF VT NAO BN LD/ N AFEOW AN L > Th o kb KEREEBEZTT-0ON, 2 VX, kKT
HAVTY, 32T AP ThDHEEZLND. HTEIELT 20V 7 VDOWINIT SRS NI DRI
ELEBLTVDEEXLND.
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The effects of the increase of Largemouth Bass on a wetland bird community through

change of the fish community

Tetsuo Shimada!, Kentaro Shindo!, Kiyotaka Takahashi? & Aaron Bowman?®
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The number of Largemouth Bass Micropterus salmoides has rapidly increased in Lake
[zunuma and Uchinuma (Izunuma—-Uchinuma), northern Japan, since 1996. The lakes are
adjacent to one another and linked by a channel. The fish community changed greatly in the
lake, and the total catch of the fishery has decreased to one—third since 1996 in comparison
with that before 1995. Small-sized fishes have decreased remarkably owing to predation by
bass. In the eight years from 1994 to 2001, we conducted a bird census at Lake Izunuma-—
Uchinuma and assessed the effects of the increase of Largemouth Basses on the wetland bird
community through the change of the fish community. We selected 10 dominant species of
wetland birds at Lake Izunuma—Uchinuma: Little Grebe Zachybaptus ruficollis, Great Crested
Grebe Podiceps cristatus, Great Egret Egretta alba, Little Egret E. garzetta, Common
Pochard Aythya ferina, Tufted Duck A. filigula, Goldeneye Bucephala clangula, Smew Mergus
albellus, Common Merganser M. merganser, and Coot Fulica atra. All these wetland birds

decreased although numbers fluctuated year by year. When the percentages of decrease in
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number before and after the invasion of Largemouth Basses between non fish—eating birds
(Common Pochard, Tufted Duck and Coot) and fish—eating birds were compared, the
percentage decreases of the fish—eating Little Grebe, Smew and Little Egret were significantly
higher. Bill lengths in these three species were shorter than those in other species. When the
yearly numbers of each bird species and size class of fish were analyzed, only the number of
Little Egrets significantly declined with a decrease of fisheries of small-sized fish (~20cm).
There were no significant correlations between the number of Little Egrets and fisheries of
middle-sized (~40cm), or large-sized (40cm~) fish, nor between the numbers of any other
bird species and fish size class. The numbers of Little Grebe present in the breeding season
significantly decreased after the invasion of Largemouth Bass, while the amount of bass
fishing has increased. Little Egret may be strongly affected by the increase of the bass
through the change of the fish community as are Little Grebe and Smew. The decrease in the

number of Little Grebe may also be influenced by disturbance caused by bass fishing.

Key words: Fish community, Lake [zunuma—Uchinuma, Largemouth Bass, Little Egret, Little

Grebe, Smew, Wetland bird community
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Appendix. Fish species in three size classes. Total length is
cited from Kawanabe & Mizuno (1989)
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