KERIL - Full Paper

EFESNHEFTRA

ORI - #HOR—

T 386-0031 R=EIE FHT/]
2T 386-0031 R¥IE EHT/

50(1): 4754

RACHTD A0 FNNRADEM

EHZ

1088 FROLKEERFZERT (H REEMIRE S FIFIERMER)
VEC1088  FR IR K EERFZERT

(2002410 A 31 BfF 5 20034E 1 A 28 HEL&ET 5 200342 H 8 H <)

Fo— K

R 5 R
Japanese Journal of
Ichthyology

© The Ichthyological Socicty of Japan 2003

1

1925 FFAZFUBIR A /L

7 FIN A Micropterus dolomieu (34K K FEIR
EOAXFAY 71 v v aBHIBT DRk
BT, EFEDOF A 7 FINAM. salmoides & & b 12
2B A SN0, F0tk,

CaAvFNR, BNEY, SRA, BHEERRER, ERSON

Taiga Yodo* and Kei’ichiro Iguchi. 2003. Feeding habits of introduced smallmouth
bass in Lakes Aoki and Nojiri, Japan. Japan. J. Ichthyol.. 50(1): 47-54.

Abstract To elucidate the feeding habits of smallmouth bass Micropterus
dolomieu in Japanese inland waters, the stomach contents of fish from Lakes Aoki
and Nojiri, Nagano Prefecture, differing in catchment landscape, were analyzed.
Specimens were collected from May 2000 to October 2001 in Lake Aoki and from
June to December 2000 in Lake Nojiri. Prey importance was estimated from an
index of relative importance (IRI, (percent of prey number+percent of prey
weight) X frequency of prey occurrence). The main prey in Lake Aoki were pond
smelt (Hypomesus nipponensis) and a cyprinid (Tribolodon hakonensis). and in
Lake Nojiri, a shrimp (Macrobrachium nipponense) and goby (Rhinogobius sp.).
Aquatic and terrestrial insects were also important prey in spring and summer in
both lakes. Principal prey changed ontogenetically from small bottom-dwelling an-
imals (gobies or aquatic insects) to larger limnetic fish in both lakes. The results
suggested that smallmouth bass will have deleterious effects on differing animal
groups with growth.

*Corresponding author: Japan Society for the Promotion of Science Domestic Re-

search Fellow, National Research Institute of Fisheries Science, 1088 Komaki,
Ueda, Nagano 386—0031, Japan (e-mail: tyodo@fia.affic.go.jp)
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EAE T AAREOEYFRFIEIIIEF IIRK L Z R
L, HARIZBOWTHRBIZL > TRERLEN
FEIND, 22T, H4IRECEYRED
B B2MBTa s FNADOBRNEY = AT Uil
BETEBEEZRETAZ L1285 T, HEDKE
BT LAEOHEE L L TOEDIE~NDTE
Rl A L HAYE L THfEZ 4T o 72,

7K & A A

FARM (137°51'16"E, 36°36'30"N) (T & EF 15K NT
I E T AEE 822m, RAKESS.0m (FFik
#29.0m), MfE1.86km?>DERET, EWHEIL
9.8m & @\ (BREET, 1995). WEDKE L
CEETERERIOHED & 2 AH LV, JLETIE
HEECELEDAKLEEED & EBITT ¥ Phrag-
mites communis ZE DINKIEWREFZEFZE L, A
WHERYWOROLNLER -7, T2, FEHK
DEKPATONTE Y, LFITIEIKMEIEA—
VIRT$ 5. —7F, BRI (138°12'09"E, 36°49’
30'N) ZEBHEEEINCME T AIEE654m, K
KAKE37.5m (CE¥KZE20.8m), MFE 3.90 km? D
BHEEHT, EWEEXSAm EFARM LD IHEY
(BRBEIT, 1995). THEBZ AL IS0 O EVEEER O
WARET A5, BEIZGAEMTEBREELT
LHEDAOND. HEHFEOEHT TIEEFAYIC
7 ¥R Bpha latifolia 7z £ THERL S 1L 5 flI7KAE
WBEE DA O, BEFHLTE TR OB AR AT
HAx %) B A LN,

BEAMEHI 2000FE 5 AH 52001 FE10H FTO
B ICHFARM CIRE SN 7385 fHK (FRiEKRE

Table 1.

92.5-338.7mm) &, 20004FE6 B 7205 12 B £ TOH]
MICEHR#BCHRESI N 140K (EEAE
153.7-410.0mm) T& A (Table 1). WM& Hiza s
FINATI990FEZTAHIBALIEEZONTED,
FNLUFIE O A F 7 FNADEE LTS (GAF,
).

BREFEIZEICRET, —EHAH (FARH . 16
EfA ; B 6 ER) i (FARM ¢ 44 (12
Lo THRELBEROHC, RELLHENISE
B (—30°C) L CTRE R, WM& L TREEMRR (mm),
RE (g xMEL, HH L THBERER (g BL
OFFliEER (g) ZMIE L. BldiHz 0% FH
RV yKBEBRTEE, RELL. IR
T4 v 77— u (U R0 KR, A
HEDHETHRVLDIIENEPEROEHNS
By L7z, BRBEYRLECRLTT ¥ »
Ly FS (FIftaisE TERASHE) TRzl
7oth, EREMET CURZRYIEMLOSHEEES
TRIZEL, MEELEIZUELL. RRIIDOW
TIHHLIZ L 2BEORENFELL, BUTOD
HHADOREVNEELR D DOV E o770, HL
NVIZE LD TR L2, BARYOSER
LDV TIE Y (2000), JIIAHE (1985), #HE
BF (1969), JF EiEH (1981), HiRIZAH (1984), &
FMEIDHE (1981) 12t -7z, EEOHIEIIE EME
T RFF (Mettler Toledo 13 PB302) % fiH L 72%°,
BRI EEAIERICEEC, HIERR (0.01g) 2 TE
HLDIZ2WTIETRT0.004g & L7z, SREAEY
DE S, Hbic kB xRIEDML CEHAIATE A
WLDERBRWT, BREERBRIIOWTII®RER,

Number and stundard length of smallmouth bass examined in the study

Lake Aoki

Lake Nojiri

Standard Length (mm)

Standard Length (mm)

h

Range Mean (SD) Range Mean (SD)
Apr. 10 179.2-302.2 256.3 (35.5)
May 64 117.3-325.1 241.0 (45.4)
June 133 92.5-335.8 237.1 (46.5) 12 160.8-410.0 267.7 (73.4)
July 56 127.6-300.0 200.5 (52.6)
Aug. 49 101.06-303.9 197.0 (46.7) 28 153.7-315.8 219.4 (46.7)
Sep. 18 167.0-281.3 218.8 (37.0)
Oct. 41 167.4-325.3 233.5 (43.5) 94 202.0-310.0 241.8 (18.6)
Nov. 14 160.2-338.7 266.7 (45.9)
Dec. 6 231.2-275.0 248.2 (15.9)
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BHIIOWTIIEEARZEHI Lc. BETHIL
PHEAZL DIZDOVTIE, FEEWIERGET HEED
BROAmD»O TRERmETORSTRA L.
a7 FNZADOENEWE L THIR L CEREAEY D
K& 2 OFEMIIMD TL L, FRHEEE (%F) ®°
ﬁﬂ@%&mMm SR EREL (%W) & BT
FEATICH V256, BRAEYORESIZE > TR
NHEL 5. % 2T, BEEEEEIEEL (index of
relative importance, /RI; Pinkas, 1971) & I\ CTHEAT
o7,

ERRHE SR, BORMEARERIL, SREE,
BEEEREKEILDToOR TR,

%F= (HAEYEHEL T EEE
(e fE A% — 2B EEE)) x10°

%N= (»5EMDOBEHIZBT B EEE
WEEY ORAEEE) X102

Y%W=(HLEYDHEHRTHER,/
HNEYESE)X10°

IRI=(%N+%W)X%F

F72, TTFNADES A XOBEZ L D EN
DERZEETHEHNT, EEEWE —EDH T

WKL, SEROBAEWIBITLEH T
T)DEEZHEZEORETKHRLMELTHVTE
B DI X BT 24T o 72, ERS ST & EH
THILILELT, ZHOBHEBFRKL TLHK
DHRFICEHT A ENTE, F— % % EEET
LS T 2 MR M §5 2 &7
T&5%,

fa ES

FHAW EBFHMEIC B TENEN 368 R L 128
BEIPSBENETHARELN, EFRIZFNEFN
4.6% £9.4% ThHo7z. WiIZBITHEERIZITE
BEEIALOON o7 (chi squared test, y’=
3.40, df=1, P=0.07). WiiZBF5a 7 F/32ADH
NEDIZOWT, EHBOMHEZRREERB LU

EEREZ R E LR EEEIRE & SRR A
e, SHBEZE, SEEBEL Table 2, 31378 L
7o, BREWIE, kSR, KEERE, Pt
B, BEERH, KERRIIKI SN, %*‘iﬁﬁf‘
3o bEEMEREL FREIIBENETYHIC
CHIRET, 77 F Hypomesus nipponensis & ’7
7" A Tribolodon hakonensis & "H.[» & § % i ik 14
HOMHERENE, FOMBEERKNEKER

HAHRE I T, BEERHIEEIZ6 7,8A1
HIL, AALVE (R3I#) EndFH ONFHEH)
DB EE LR L 2o T, AERRIZ4
SRIZECHEL, 7777‘7@’?’7\}7]'7'\3"]5
(7 U#), brAHE (FrFREH) 2SBENE
WERR EEEREE R L. HEShTwiT A
I F oMK K E R (X 33-95mm (n=97, ¥ +SD;
61.4mm=10.9), 77 4 OKRFMIL29-135mm
(n=19,79.1mm=*33.4) THo7:.

PR TRk A, KA AR, B,
FEE R, KEBHIFPEHNAEWE LTHIEL.
ZO)LHRBREIROEELEHTHHLEEZLD
N, FFAIER DT CEN B WEEREEER

BaxmLiz, ZolEn) @ﬁwvﬁﬁ#@ JEAE
D by 33 /K Rhinogobius sp. % EDHEFED
VIR EEERKER L. IS, SBEEER

THLETHHFIIZEHL) B EE2ICHVE
#RL, hYIT RO TFFHFIEERET
Hot. BERRTIEIAALYE (3IF) 258 H
B L, KERBTIINTH (29 #7E) 2%,
8, 10 HICHIH L THORHE L ) RRm i E
BERBERLY, 2FNICERBEOMEEE
B2 o7, HEINTOET A FOhES
BHIX27-85mm (n=19, 51.4mm=*14.7), +> 3>/
K1) 04k E & B 13.1-30mm (n=57, 20.8mm
+29), TFHFHZEDREELRIL 1043 mm (n=64,
17.3mm *5.5) THh o 7.

MRS 7 7)) T L O EEERRICED
E, a7 FNAOFEEFHIFRMTIITATFE
SOy A et Lok EDHEE, BRHT
BFF Azl LAFBRETHELEEZDS
N7z(Table 4). F7:, BRI TII#EKRAB LUK
HEBEOEEELE N 7.

CDIED, ERMTIIEEMESEEMIET S
FHBRRDZFEH S IR 22.1%) DI 7 F /3R
DOMREIN. T, TIRTFA v 7T —LR
TIATA v 7T —LHOH D EHB L UEDH
AHEDEDTHF AR TIX43MEE (11.2%), FRIHAT
ziuﬁ%@wmwaﬁ%ﬁﬁénf

MBI 5 BT OFHELE, £
A7) OB EREEEROBARL»LRLT
(Fig. 1). FARMBTIIEHREH 2 L Tk A%
NEWVEER EEE AR LA, BEARRE7. 8HIC
BWiEERL, KERBRIZ4 SAICEVEEZRL
7z, —F, BR#MTEEKEAEIZOA L1001
HIRL, BWERERELZRLA. KASEEIT
SHEI0AIHIR LA, PRgEEIEREALHEL



50

AT HOR—H8

THWEREEEZMRE L7722, FFIZI0A & 12
AlEWER/R L7, BEAERBREKERBIZZN
Fh8H L6 AIZEWELZR L.

A7 FNAOEATWEEFEARNNTIEIY A, T
AHF, BEARR, AKERBIZ, B TIEEEK
M, RAMAE, PR, BEAERH, K4
REWZAHTITVFTL, FRSSFE@EHALTa
T FNADOKEIZE b %) BEEAOELE RT
HF OB 2 kA7. FORKE, FRHTIEID
DFERSY (PCI-PC3) 12 & o> TEHD 81.37% D54
B X1 (Table 5), BRI TIZ4 DD ERKS (PCI-
PC4) 12 & > TESHELD 89.02% 77 S 417 (Table
6), D)L, FEREOEIFMTIE., FOFEK
TEREFPEVIEEKRERREZHET S EIMAH
<, BWIEEMo3h 7 I FET AEMHTE

WZlERTEHM SN, FRICHERAOE?2
FEH L, ERSBAFEVITEERESEY,
B EEATAELZHET A HEMIIHLZ L%
EY LM ENS., CO2ERPICBVWTa Y F
INADIEHERR E ERTHREDHIZIETENZEN
BEELZHEANAED LN (FARWM, Pearson’s
r=—0.24, n=151 P=0.003; EF A i#], Pearson’s r=
0.37, n=69, P=0.002: Fig. 2). HFARM TITEKEIK
ELBBIIONT, KERREZHET HHEHT
e, MO E2LHETSE LIk,
BRI TIIEEOBEINIC & b 7 o TEERD AN
BHED OHERKEAEARLT 2EMS AR LD HN
7o, MOERFIZOVTIE, BEKRLOFES
MBI A L D SN Do 72 (P>0.05).

Table 2. Stomach contents of smallmouth bass in Lake Aoki
IRI
Prey animals %N %W  %F
Apr. May June July Aug. Sep. Oct. Nov. Total
Fishes
Carassius sp (p). - - - - - - * 0.30 0.14 095 0.28
Tribolodon hakonensis - N ok * ¥k RF 40456 598 3991 8.82
Unidentified Cyprinidae - - - - - - + - 0.05 0.14 0.03 0.28
Hypomesus nipponensis * ¥Rk 4 - * - * 779.05  16.95 32.66 15.70
Oncorhynchus nerka nerka — ++  — - - - - - 0.35 0.28 035 0.5
Unidentified — ¥k ok * * R kX * 177584 3148 19.28 34.99
Terrestrial Insects
Coleoptera - - - + ++ - - — 0.42 043 0.09 0.83
Odonata - - + + 4+ ++ - - 2.64 1.14 046 1.65
Orthoptera - - + - 4+ - - - 0.61 043 031 0.83
Hemiptera - - ++ ++ ++ - - - 23.51 2.56  3.13 4.13
Diptera - - - - ++ - - - 0.17 0.28 0.02 0.55
Hymenoptera - - + * 44— - - 2428 10.83 0.19 2.20
Lepidoptera - - + + - - — - 0.48 0.43 0.15 0.3
Unidentified - + + - ++ - ++ - 4.16 1.57 0.11 248
Aquatic Insects
Coleoptera - - - - + - - - 0.04 0.14 <0.01 0.28
Ephemeroptera *k + + + - - - - 5.82 1.85  0.07 3.03
Odonata - ++ + ++ - - - - 12.40 1.85 1.61 3.58
Plecoptera - * + - + - - - 39.69 1296 0.14 3.03
Hemiptera - - * + - - - - 0.27 0.43  0.06 0.55
Megaroptera wE * - - - - - - 28.36 8.12 046 3.31
Trichoptera - + - - +4+ - - - 0.82 0.71 0.03 1.10
Diptera - + + - - - - - 0.47 0.57 <0.01 0.83
Unidentified - + * — - - + - 0.24 0.43 <0.01 0.55
Other organisms - - + - - - - - 0.16 0.28 <0.01 0.55

** IRI>1000; *, 100</RI=1000; ++, 10<IRI=<100; +, 1<IRI=<10; =, 0</RI<I1; —, IRI=0; IRI, index of rela-
tive importance; %/, percentage of prey by number; %W, percentage of prey by weight; %F, frequency of prey oc-

currence.
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32/ R BEORAENBEL L EH L EOF
L, ARDE L OKETIa 7 F8A L EFD

oTWhA, HRMTIHEAEDE LTELH
BLlahrol, ZOHRELIINNIEESIT-T
WB R =)y SEKREOK, BRMTIR
BEMTEHD Y a Y ) R)RF+HTEHER

FATFNAOEEELE o TBY (FH - S,
1990; Azuma and Motomura, 1998; & - K ¥,

ENoHS, FARBTIEH100ERE - AOEKTH
THIUBEED 73S K BHERLIICTES,

1998), I 7 F/NATHEHRM TIXER 28 & IEHIIEATE Lo/, ZOZERL, FAR
Table 3. Stomach contents of smallmouth bass in Lake Nojiri
IRI
Prey animals %N %W %F
June Aug. Oct. Dec. Total
Fishes
Carassius sp(p). - - + - 0.63 0.16 0.63 0.79
Hypomesus nipponensis *x - * - 239.29 4.07 33.62 6.35
Micropterus sp. - - ++ - 7.12 0.16 8.81 0.79
Rhinogobius sp. - ++ * - 358.71 13.01 10.78  15.08
Unidentified * - * - 345.98 732 1448 1587
Crustaceans
Palaemon paucidense - - + - 0.14 0.16 0.01 0.79
Macrobrachium nipponense * * * - 538.08 2146 1082  16.67
Unidentified - - *x ok 2201.28 50.57 17.08 32.54
Terrestrial Insects
Coleoptera ++ ++ - 0.92 0.33 0.25 1.59
Hemiptera - * - - 1.85 0.16 2.16 0.79
Hymenoptera - * - - 0.27 0.33 0.01 0.79
Aquatic Insects
Coleoptera ++ - — - 0.37 0.16 0.3 0.79
Plecoptera ++ - - - 0.16 0.16 0.04 0.79
Hemiptera ++ - - - 0.31 0.16 0.23 0.79
Trichoptera ++ - - - 0.31 0.16 0.23 0.79
Diptera ++ ++ * - 1.62 0.65 0.03 2.38
Unidentified ++ - + - 0.53 0.33 0.01 1.59
Other organisms * - * - 2.70 0.65 0.49 2.38

**, IRI>1000; *, 100</RI=1000; ++. 10</RI=100; +, 1</RI=10; *, 0</RI=1; —, IRI=0; t, %W<0.01: IRI,
index of relative importance; %N, percentage of prey by number: %W, percentage of prey by weight; %F. frequency

of prey occurrence

Table 4. Index of relative importance (/R]) of prey categories for
smallmouth bass in Lakes Aoki and Nojiri
IRI
LF BF C TI Al
Lake Aoki 3516.23 - - 281.65 433.71
Lake Nojiri 439.57 403.86 4241.23 8.90 15.34

Al aquatic insects: BF, bottom-dwelling fishes; C, crustaceans; LF, limnetic fishes; TI, terrestrial insects.
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WO 7 FNZAOFRNEWRICINOSHIR L%
WOE, WRICBITAEREI RO TLETH S
TeHEEZONL, FRMOBERBBREIZLD L,
FF I FNABLO Ty FSADRALLETILEE
Mo DAL R)ERLLCETHRTEL
W, ZOZEMLmMAREICL ST, FOEMHE
B ERbTEEENOEBEVWIYI L ) R)BLUFIY
B L7C TR E A b B,

W DIZT I XL 7 FNAOEE LR
EEZLNLD, THBLUSHIZIZIZEA LA
ENThARV, KEMEED,S, 48256 AIiHA
SNTWTASFEIFAE, AL 11 AICHA
SNTWAT A FEILFaLEZON, 7, 8/
IR D720 a7 FNADHEN G E RS
RREHOT A FAANICA LN ENEZS
na. 7o, BERIIZ6 AN S8 BIIEVELH
EEEXRLAD, ZHIIKEICETLAE I
ETIT DR FEDOHRLER>TWAEIOTHDH. K
HERBIIFRHTIEA4HLESH, BRHIITEZED
ORI ORHTH S0, 6 Ailmw
BEREEELRL, TOBRBI L. ZOEKLE
LT, »74% 58, #raovHiEkERRE

Table S.

LTHESINTWERROZ A EE D LKEIS
IR E LCRERETHEFL TS, KFE T
HDHVIILEE D BVWNE LR TH 57201
BRREEL TRV ENEZLNSL, ZDL
Iz, AREIIHA EYEHEE LTEY, EE
BIIEZFOBREFRTHA LT WAY © FiHE &
THEFEICEFRLEEEFEOLEEZIONDD, T
HHFBLORBEIIHT AHEDOFTHGERIC
EER L FRCBOEmI AL OOND.
—H T, BEMTIEIIZFAZROEHRITIZOE
BREICL-TERIIELILMONTED
(Coble, 1975), AMFETHHFARMTIEIV /1 ILE
TR L o T2, RITIEE o7
Ha3hTwirorz, BFRMBNIZ/NEGHE (i
Z2m, B 1Im) ZH200mEHE L TEEALKE
20-30mm D 7 7 4 5 SO0 fERERE S B 7 L
MIZEHAERLTYS (3D, 2001; REXKE
#}). Katano and Aonuma (2002) (37KFEEERA & =7
FAFTLEND T FNRHESIZWE L
TEH, BEED 2001) IEHEBEHFEE LB
F A 7 FNANPRAL, EREDE EDERT 5
B TY 74 DOAEDPEEIZHEMLTWAZ & AR

Factor loadings of principal components (PC 1-3) of weight to stomach

content ratios for each prey category in smallmouth bass in Lake Aoki

Percentage of

Factor Loading

Eigenvalue .
Variance HN I Al
PCl 1.16 28.43 0.69 —0.63 —0.05 —0.0003
PC2 1.06 26.86 -0.30 —0.35 0.84 —0.09
PC3 1.03 26.08 -0.24 -0.29 —0.11 0.90

Al aquatic insects; HN, Hypomesus nipponensis; TH. Tribolodon hakonensis; T1, terrestrial insects.

Table 6. Factor loadings of principal components (PC 1-4) of weight to stomach content ratio
for each prey category in smallmouth bass in Lake Nojiri

Percentage of

Factor Loading

Eigenvalue Variance
LF BF C TI Al
PCl 1.35 26.96 0.31 0.58 —0.81 —0.04 —0.51
PC2 1.15 23.16 0.84 —0.63 —0.19 0.13 0.08
PC3 1.04 20.75 —0.17 0.07 —0.23 0.93 0.28
PC4 0.91 18.15 0.17 0.33 —0.19 -0.29 0.81

Al aquatic insects; BF, bottom-dwelling fishes; C, crustaceans; LF, limnetic fishes; TI, terrestrial insects.
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4 Lake Aoki
; -Q,

IRI +1
3&

Month

Fig. 1. Monthly changes in the indices of relative
importance of prey of smallmouth bass. Limnetic
fishes (@), bottom-dwelling fishes (O), crustaceans
(A). terrestrial insects (M), and aquatic insects ((J).
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IZLTWa. HEROBETIE, FRB LU
PN BWTH ) F= ey o T, 7h—F
VISHERR CE o 72DT, KRAEIZB\V THjH
DAY FNADENEFY L LTINS DEEEAEY
PHIBL o700, MAIERLZVD, &
HWIIHD THATH LI OEEZLNSL, L
L, EFIZBWTY YTV RY ) F 38 EE
THKBIIE K FET D, 20 L) ZAkBIzay
FINADBBRALLGE, 7O ATNVYGERY Y F
ST FNADOEE IR E 2 LMD D
5.

ERTAMOER,S, T2 FNRAEIHFEARBT
BEHRRICED Lo TKERBRLLG Y 74 R A4
FBIUBEARBICEREAIRITL, HFRIHHTIE
KA AED O KT AEICFHENRITT A1
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Fig. 2. Relationships between standard length of
smallmouth bass and principal component analysis
scores.
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INAZHAAROKIBIZRA L7CHE, TN
DEEMNEE, KERRIVNI 7 FNAD,
KA KRR O 7 FNADEER & 5 5 EHEN
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REEEZOND.
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R EKERESGOMIL B, WHEERKE
LD ETEHAIIERDREIIE KRR %
WA, BRELRHEBIEE W ML
TBGE NKEER ST X~ & — K LHFHR O
EH ERZEILOETLIHAICOERREIS
KERDE Wiz, [ S ATEGE AKE
BEMTEE v ¥ —hRAKEMFEFTORE 5K



54 ' OKF

HOB—HA

TR BERERZRME L T2 n, 222
L CIRSEHOFE LR L LITA.

5l B X #k
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