Ecological Studies on Fry and Juvenile of Fishes
at Aquatic Plant Areas in a Bay of the Lake Biwa
II.: On the Food Habits of Fish Larvae
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fefr s BiFAECY T, 7ORITT 7
v b v OBRERTT, BRECIIBEL 10/
DAy, EBKE 3E, 3070 2EA

Table 1 Food of crucian carp collected from the submerged vegetation

Eh, ZhxlevFz7ToBEE L 2% 5 b

T LTIEKRE L,

L7

(Potamogeton) area at station F, 1964.

1 #85C 3 EBAToHRE
L. Bbh-ZERITHEHEKL, EHETTR

n indicates the mean number of organisms in digestive tracts, and

o indicates the percentage of fish in which each food item occurs

to total number of fish examined (occurrence).

Date June 11 June 11 June 11 June 11 May 12
Mean body length (cm) 2.33 1.54 1.27 0.98 0.16
No. of fish examined 5 10 13 17 16

n (o] n o n o n (o] n (o)
Chydorus 10.2 80 70.0 100  80.0 100 18.0 100 2.9 4
Alona 2.0 60 5.0 80 30.8 100 5.3 100
Graptoleberis 0.6 15
Scapholeberis 0.2 20 0.1 10 0.8 20 + 6
Bosmina 0.1 10 + 6 + 6
Diaphanosoma 0.6 40
Eodiaptomus
Mesocyclops 0.2 20 0.7 30 1.0 46 0.6 35 + 6
nauplii 1.6 40 1.0 50 0.6 31 0.2 18
chironomid larvae 0.3 23 °
Polyarthra
Testudinella 0.8 60 0.7 30 + 8 + 6
Trichocerca 7.6 100 7.7 9 11.8 100 4.6 100 + 6
Lecane 1.6 60 0.9 30 0.5 23 + 6
Monostyla 2.2 40 4.6 9 7.8 80 0.6 35
Colyrella 2.0 40 4.3 70 1.4 62 0.2 18
Philodina 2.4 20 0.2 2 2.1 38 2.2 41 + 6
other Rotifer 1.2 60 0.5 38 0.3 19
Closterium 21.8 100 16.0 100 27.8 100 5.6 100
Eudorina 1.0 40 0.1 10 0.6 40 0.3 3 + 6
filamentous algae CC 100 C 100 C 100
other algae CC 100 ++ 70 ++ 100 0.3 3
Arcella 3.2 80
Bryozoa egg 1.6 40 8.6 40 5.0 80

CC : 60-30 volume % of food items per digestive tract.

C :30-10%.

+ : Less than (.1 individual.

4+ +: Less than 5%

in volume.
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WREGRECE S FREARORERN D
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Table 2 Food of fishes collected from the submerged vegetation (Potamogeton)

area at station F, June 11, 1964.

3 3
3 o N g
N RS “ 3 3 S
N 3 s § § *
= b 8 = ™ = B fa
e 8 3 § . 3 % % £
s 8§ 5 3 & § § § %
I 0§ ¢ 35 3 & & & 3
§ 008 0~ ¥ < < < < &
No. of fish examine 6 8 13 10 4 5 12 14 12
mean bedy length (cm) 1.22 0.98 0.79 1.41 1.13 1.20 1.05 0.79 1.21
Chydorus 12.0 5.2 0.2 3.0 0.6 0.7 0.9 0.5
Alona 1.2 0.2 1.5 0.2 0.1
Graptoleberis
Scapholeberis
Bosmina 1.2
Diaphanosoma 0.5 5.0
Eodiaptomus 0.6 0.2
Mesocyclops 0.4
nauplii 24.0 4.2 48.3 125.4 33.2 13.9
chironmid larvae
Polyarthra
Testudinella 2.8 0.5 0.6 1.8 0.6 1.7 0.6
Trichocerca 4.0 14.8 12.5 1.0 27.5 22.2 38.6 7.4
Lecane 0.5 1.0 0.7
Monostyla 2.0 0.5 0.5 0.6 2.4 0.6
Colurella 0.3 0.8 1.0 0.6
Philodina 1.8 0.2 1.5 1.4 0.7 0.6
other Rotifer 2.6 3.0 1.0 1.8 2.6 0.4
Closterium 1.3 2.3 2.3 2.8 2.6 1.0
Eudorina 3.8 3.1 0.4 0.4 1.4 3.8
filamentous algae ++ ++ CC
other algae + 4+ ++ ++ ++ ++
Arcella 0.3
Bryozoa egg
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Mz, EEOEED LD EEFIEMNT 5,
7FOREBBO—RMCHERREYBELTS
ki, (9% (FKR2~6 cm ], KH

(1965) (2 cm §7#&), F3F (1969 [1.3~3
cm ) e KR BE LTk, 2om FiEs AN
CEHESRE ,T< B, 2cm T 7 Fioun
Ty, Cladocera #h.i»& LT Copepoda,
chironomid larvae »FE/E L ic-> T 5,
Cladocera o dr-Ci3. Chydorus o L& 5 E| &M
&<, #1LTC Alona, Scapholeberis & Zizi1
Bosmina, Camptocercus s &1 88 & 7o Th»
%, Copepoda i3 Mesocyclops HiF B i
EBThbh, Z<iTh nauplius A - T
Bo

O G LD 7 & o OEFITEHRENC
IoTLRBD, BEOIL Ao 7+ Ti
Trichocerca, Monostyla, Lecana 7Tt & EiEMHED
BLWT AYE, FLTRRKRE(KD L
Colurella, Philodina £ & D35 D7 4>
EE LTV 5B, Lo L, 74 »#iz Copepoda
% Cladocera & & HRTHEHAINCERI
Vo ZLT, TDORKEISPIVIHEELELT
DifEZEVIDEB bR B, @I
Closterium 227 2> DI % BNHRT
WBEA, 2y Aol A EHELIRT
L5 THH, RENLIUBELLAIE, H
L LTofffEREG-d 0 & Bbh b,

I I RESIhICER I TH R
FHHXfT R isvs, vaAYEI e Chydorus
% Alona v &' o Cladocera 7\ B/ & /r -
T35 L5 THhsb,

grof BB L E, £ THRKEAR
VG EZARBEBEL TS LDE 2O TAEN
HEVGCHERETHD, £LT, HILEARY
LIFEEEOE S H -, KE JL L - THOR
S LI BEMIETRE-> T 50, BRIy
7t I PRl EYRT, WThoficouwT
LHELERAEY & LTHBERDOE VL 0,
Trichocerca, Lecane, Monostyla e &0 7 & >
EThb, BiZ & - Tz nauplius %, £

LT, IRBEORREINRZEDIVTRE
NITHEKEDTE NS D TH D, i, TXT
D& FTEICNT, FEMS 0.9 cm Rz
724D, 7 & vEDzc Chydoridae 3,68
ETBI 5D, LT FEM1.4cm &L»
RKREL LT F L TTIY, VAavEIDL
BEVEOKEREGX LOT 5,

A1 H7 o B kfiY Trichocerca, Lecane
BHOEHERED 7 & L nauplius T, fED
SR FF TS, Fio, 130 Chydorus
% Scapholeberis o X 5 7¢/NEo> Cladocera
¥ESBEETHEEND S,

=y R KAEEBHCRIBER, O K
BT TO D0 Lo h, HILERA
Wir  Chydorus, Eodiaptomus, Mesocyclops
chironomid larvae /e &F KB O LOTLH B
f, 7o s8R nauplius (i3 LA FER IR
TUTgl,

2 BErRlc - AR &

HFHADEBESHIOE L -T, Aty
DREDCELD D%, FHESCEBLR
6A26BOEARATHKLTAS, Fig.1
—1,2,3, 4 xB&MATCORYEGRYRL -
bDTHDH o Fi, Table3 iz xhr
T3P vOBEERLE,

¥, 77 v 7 vEdih STl TS &,
KAEEYEr  Chydorus % Mesocyclops,
Euchlanis 75 & & KAEMEYORE & KpHiTE
RT577 7 &L, KEMBOFEL
OB KEREADa v Tt
Eodiaptomus 3%\, 1z, BFEEDO 7 428
RAKAEBOFE L & CBRARIELS AL
Tvwb, EHo= & (B) Ti, nauplius
Litic & Qi b O TGRS 75 v 7
P!, fFERL TR TR VAL AREY
BEE LT B, 3/ F Vg0t
fiz, Copepoda # k4,7 LTV5A3 fi
EBE ST I 2Tt Mesocyclops L v, 75 v 7
b [BEB D % Eodiaptomus % % { &
ELTV B, EFTHITT7 7 b v DT A
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ChELIEE LTV S,
&L, bk E7Hdoir Cladocera =

Copepoda {85 LTV %

BAO 2 vEOHE (C) Tt nauplius 734
Wb b BT, FORICHITEAFERX
RTWiv, #LTC, 2+ 75v 7 b v

o

nauplius 4, & F

LLTE T AR,
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Table 3 Abundance of plankters at each station in Yamanoshita Bay,

1964, expressed in number per 10 liters.

Station

A E B C D F

Open water Emerged vegetation ?:;g:t’iiid

82 | 5= | &E 2
e m k| 8 % % § 7 4
TN -¥ IR B B
Bosmina May 19 4 ™ 5 s ua 4
w2 4R %% g 2
ST T ST B
Mgl B oE BB W OB
e gl L om oy ow g%
Rt I B A
LS T A B
o ¥ B 4 % % m omoop
T I R
Euchlanis JMU?IZ %g g 1’; 113(1) 48 138 168
Closterisam i S T S S S -
chironomid larvae ey 19 g ) 4 3 13 9
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1) June 26-27,

Rhinogobivs
brunneus

Zacco
platypus

Rhodeus . L
ocellatus smithi

Rhodeus s
ocellatus smithi

Acheilognathus ¢
cyanostigma .

2) June

Rhinogobius
brunneus

Rhodeus

cyanostigma

3) June

/?h/'nogob/us
Drunheus

Rhode

ocoe//a%s smithi L
Rhodeus i
oc"’el/cg‘us smithi S-
Acheilognathus
cyanostigma L

Acheilo %na//ws s

cyanosiigma

Acheflognathus
/ab/‘rag S.

4) June

Rhinogobivs
brunnheus

Carassius
Cardssivs

Zacco

platypus

fhodeus

oce//aL}us smithi L

Rhodeus 5
ocellatus smithi S

4che/'/o¥nafl7us L
cyonostigma ’
dcheilognothus
cyonostigma
dcheilognathus o
lancedlata .

dcheflognattus
tabira

al

ocellatus smithi 5.
Acheilognathus ¢

Station B
chironomid 3
Copepoda 2

Chydoridae 4
Scapholeberis 2
Rotifer W. 2
Rotifer P. 27
naupli i7

Closrerium 52

Station C
chironomid I
Copepoda 9
Chydoridae 2

Rotifer W. 9

Rotifer P. 78

nauplii 236
Closterium 3
Station D

Copepoda 32
Chydoridae 23

Scapholeberis 15
Rotifer P. 40

nauplii 150
Arcellidae 128

Closterium 37

Station F
chironomid 2
Copepoda 14
Chydoridae 2
Scapholeberis |

Rotifer P 125
nauplii 159

Arcellidae 20

Closterium 31

5) May 19-20, i964 Station D

chironomid 13
Bosmina 19
Corossius
carosstus Chydoridae 144
Rotifer W. 10
Acheilpgnathus Rotifer P. 781
rhombeéa
Arcellidae 66
Closterivm 65
6) July 8-9, 1964 Sitation D
Rhinogobius f
bru/mgeus crucian carp
Carassivs . .
carassius chironomid 2
Zacco
platypus Copepoda 7
Rhodeus .
ocellatus smithi > Chydoridase 1 8
Acheilognathus .
cyaﬂasg)‘/'gma S. Rotifer P. 25
Acheifognars .
,f,,f;ﬁgg narhus Closterium 66

Fig. 1 Food chains in submerged and emerged
vegetation areas in Yamanoshita Bay.
W. : phytal rotifer dwelling on weed.
P, : planktonic rotifer.
L. : larger than 0.9 cm in body length.
S. : smaller than 0.9 cm in body length.

The figures in right column show the number
of plankters per ten liters.

Thick line between fishs and food items indica-
tes greater than 309 of the number of gut co-
ntents was filled with the food items, and besides
greater than 709 of the number of fish in which
each food item occurs, was occupied to the total
number of fish examined . Medium line indicates
from 3095 to 59 of food item, and besides grea-
ter than 709% of occurrence.Thin line indicates
309% to 5% of food item, and besides less than
70% of occurrence.
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b, 1LT0.9cm UbtD g+ a8, 7400
BEhe 777 vELTEH Arcella %
Closterium, * 1.1z Chydorus, Alona tc& o
Chydoridae $,88& LTV %, 2o/ £ 4
Oy L EERIZ, Copepoda %34 /i & LT
Vb,

wABEMH (F) T, 752 vELT
7 A ¥ L nauplius A%\, A H T E R F
TSI v ELTELSERTS
Trichocerca, Lecane, Monostyla 7c &0V & >
&, Closterium, Arcella %Rzl & LT
Do 7R EFTEHRAMN AT ERST, 2D
i@k g o4 7y Cladocera %85 & L
TEH, 27 EViLZ 2T Mesocyclops %
#ulr & L7 Copepoda % 8 & 45,

DL, BEALORBIIBAR - T
BHOMRICEI D e\ 7018, BiiiREh
Tuigurs, BEYEEOBRM F THiA (2B
Ly BRI L > T BB DOAEEE X
nTwb, av/ FY i uTFhot&Scd
Copepoda % EE/cfH& LTL505 HEX L
%5 &, B 5 C it Eodiaptomus ¥ N T it
Mesocyclops &= DRI L DOFREAE LT
Why il FFTELVACERFEE L
O EEW Al & L BRE TR LTV 5
n, FYHFORBRLMLAKBEHHFO L 5
Arcellidae % Closterium »3%\ - & 223, =
NCLEDT L ENLBR D, #1571
WTLEORECANE, FhEhRDOBAICS
WHEDEREEL LTS, 2 hH, ChbDffE
&> TURCTRDOBANC L FIRTTEE B2 H
D, BINC L 5BENOBESLEOEICL - T,
HREETHECHLDABEOELES EE X
2F (N

3 KRl Ao &%

fFiEEL 75 v 7 b v X - THEBLT
LECRICEVCARALRLDT, RYOFH I
LENELTL B ENEL LR, F DT,
HHREOELBLAICHBD =2 v (D) TA
WIERO BN B AT AR A (Fig 1 —

5,3,6),

SAZAIEHBRT A AOEE Rz
<, KEHDTCALRBE LD 7H EH %
EIDFHRTH D, v oiF 5, oz
Chydorus, Bosmina Tc &% &HT, e b4%
VI ENMIC#BE TH5(Table 3),

7 it Chydorus % Bosmina i¢ & BT %
U Cladocera % ks & 7 & L, R0k &7+
TRESSED Y AN il »Tu 5,
LiL, BENED 7 & 2 BEED S Lo
PhbT, BEAEHEZIR TGV, P EE
TRV LYEO LEERD % Lecane,
Trichocerca 15 & DIEFWHEHD 7 £ v % k4 7l
ELTED, 137 Chwdorus LEEE LTH
boTw%, 2HOBTIIEDONGICEL T
HBED, ThTLRICL->THL & HEEYC
BV H B,

6ADTHI/IEBESRELBNRT, 75 v
7 b ikl LT B4 (Table 3 ), fFiEfE D
BUIHEIML T %, 27 3 -Thi 74>
sl & LT Closterium 1ot OfEx E b, =
RREL LB EICINAT, PETEHDH
Cladocera #fi & +2 X 51/ch, 5Ric7 A
CHEREE LTV Ioh R e TIIRBRE AL,
FTEEHAE~EBITL TV % (Table 2),

7Rz x> THIRRMA L, A1 AT
T ENREL TV B, FLT, 77 ¥ 7 ¢
iz Camptocercus 731 L < 5 328 & L
TEBBEERD D 1< f b,

a2/ FHYD2 cm Fiko L0, = R
CHEBECHE L7y ofAasiAaL, 18BY
D1 ~2@ED7 FRBEOFICALN S, 1,
K&z A.1ecm LB odciz 7 7%
BXRTVEB LD BRID, BHEOD L
1965 F 5 Hic 7 7D FENSHBHR Lo L &
bbbl

Z OBz = o~ 2 £V a0 Entomostraca =
chironomid larvae %, 8 + =237 & v %, % |
T 7 X7 Cladocera # &\ 5 L 512, #
NEROENR S ICEBEY & - T 5, Rk
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T~ T fan Chydoridae o Camptocercus 12 CHEDOHEOAFERAEL o bisdic ks e
EFLTWBZ ENFHTHE, chid, 130 #2125,

DEAEWI 1< T, Camptocercus H LB 4 HREHOARYMELMORE
ELBbhic b, ¥z ofEpERELES REMCORWEROELUEY KT 20

Table 4 Values of rank correlation coefficent, indicating interspecific
overlapping of digestive tract contents.
(s) and (1) indicate the range of body length 0.6-0.9 c¢m and
0.9-1.5 cm respectively.

1 June 26-27, 1964 (Station B)

N N
< N
o 2 2 <]
= s
§ S 3 g &
~ . ~ "s
X8 8 N=
Acheilognathus cyanostigma (s) 175  .565%* .208
Rhodeus ocellatus m .428% .363
R. ocellatus (s) —.106
2 May 19-20, 1964 (Station D) 3 July 8-9, 1964 (Station D)
32l ty
§ &,
S S 8§
s 8
33 $% 8¢ %
3 T L& =3I s &
13 3 S§ §§
] = < & K3 N S|
Carassius carassius 451% Acheilognathus tabira .429 143 —.564
A. cyanostigma 571 —.444
Rhodeus ocellatus —.081

4 June 26-27, 1964 (Station D)

¥ N N
g N o i~
~— [ 13 - AN
g5 §
[ B4 v @ @
235 z §3 3
B [~ 3 3 8
$8 S %= =
S 8 . B -3 I . ©
R ® NP K8 &8
Acheilognathus tabira  (s) .182 .485% .152 .273
A. cyanostigma ¢)) .031 .152 .183
A. cyanostigma (s) .030 .667**
Rhodeus ocellatus ¢Y) .394
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5 June 11, 1964  (Station F)

$ S 2 3 ¢
3 g 8 T .
g 2 S 4, 9 @ N X2
3 3 5 83 s § g3
BN S 3 ] ) I
N g g §= z §3 3§ 3
3 .39 . 8 S ;S 2§ 8§
<Y <3 <% B8 % &8 S8
Acheilognathus lanceolata (1) .499 613*  .452 385 430 075 .000

A. tabira )] .369 B77T* 0 341% L340 .188 .251
A. cyanostigma ) .532 .514 .673* —.075 —.111
A. cyanostigma (s) .642%  820%* (57 .254
Rhodeus ocellatus ) .481 .134 —.062
R. ocellatys (s) —.305 -050
Pseudorasbora parva (s) .261
6 June 26-27, 1964  (Station F)

£ 0§ _§ 33 5§ &%

< 3 < & < @ Y 3 3 N R
Acheilognathus lanceolata (s) . 609** .359 LB72%X fR3FX g7okk 180
A. tabira (s) L600%* 7g5%x  g13wEk 7038k _ (33
A. cyanostigma e)) .570* .500%* .438 .049
A. cyanostigma (s) L609%*  G72%k  — 044
Rhodeus ocellatus ) 730 — 215
R. ocellatus (s) —.430

* Significant at 5% level.

12, MIura (1962) i KENDALL (1962) o {743
EERAGCTHE L, FHEELB 5, IEZH
BRE (D 3+106—-10fEx s b, +1 D
BR2EBORCTERTAHEAYOS X0IEL S
C—ETHIEHRL, —10BGI LY
A ERTRT, ZOX5 hFEHYHACT, &
B E I KE IFUC R OBELM 4 B L Ta
Lo, Mok, 22/ EYVRTLAVEBRIIEAL

*#* Significant at 1% level.

BRLIEGEVS LS5, 75+ 2528« +
177708 E RN SR S0 CHBDE
HobixtLico RO X h OBE 457+
Mg Gz FABE (R #i3 Table 4 127,
FFIFEAA DT RCTRLEEED 7 A
¥, /Nlo Copepoda % Cladocera % fHm
HRETEZETUPTHBBFTIHEN, &
et OEOHEMORE RN, AnfEE
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208 MmERn4esE

RTZELE . D h, BEYORICE
ZHFAH-ThH, BRIhEEYBOIEA
RSO NI G EERTADTH S, %
72, 6A8~9BDMSEIALNS L 5T,
HELEBBOMENELRE DB, 27
TEEE, T 7 FOMTYL, A AT LR
CHBOBRE /XL, WRETHECELUYE
DYl ERbhB AT BT L7 DFE,
T i, Copepoda & Cladocera # %53 7cfH
ELT3A, R hHBOBE/ NS,

IhBIF LT, 27 TEOMTIE r DfEIL
HEHKE G, Lhdies+ IO T
hOBEETHH, KEXOBESEED %7 T/
D rOEIHLEKELL LTV B, 4L, /)
IV F TEOHTEREYDO % XOENE -
I BT B EERTEDTH B, T,
KEfsgFaL/N\&icgF a0/, BIUOkE
& THTR c OEINEL T B, &
NIFEILHANEETHICohT, 74
CHAFLE LERLS/NEOBRZEE b
Mz FMED G RWERE TS L 51l b o
T, ThXZhoEORICE<H LT 5EHOIE
PESTLBIERRLTW B, Linl, &1
# Y EDEICABRI L SIC ¢ DENAIL
BT, T L, BEIRELE-T
BEUEDEALL t-Th, BRITELBONE
PESTLEIDO TV ERRLTV 3,
17T, U-2&\ Fig.1, Table2 v abh
5L91, ORIV Thokx XD
LDL T AV EBLETEHEENSZET, D
fFREAEMIC KT 5 L h bEVIC X STV B,
Blkoz &nt, FAORMEOEHLM Y ¥
EDTHRD, 9, AT HT e 75 ek, o
22X, FhXThoBOBTEEETS
EWHII DR -T B EVL D, T, &
TEOB TR/ E EiCEoELM I kX
{, RELEDBIOSNTELUEI)EL T
{BEV 25,

m & E

KEMYEF R EBOFHEAL RSN B,
ZTDHRTEFIE, A1 A7, 74, a2/ $
Vel R ERBHE LT, Fhito—
HELTAALTBEELBRS, FLT,
KAEMYHCHET LI ESETT v b v
HEELTERBLC B, £2A0, ALLS
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Ecological studies on fry and juvenile of fishes
at aquatic plant areas in a bay of the Lake Biwa

II. On the food habits of fish larvae
Ken-ichi HIRAI

The food of juvenile of nine principal species was studied. On the basis of this
study, the author attempted to give a consideration of a role of aquatic plant areas for
their nursery ground. The sample specimens of fishes were collected with small traps set
on aquatic plant areas, and by hand netting. And simulatneously the plankton sampling
was made.

(1) Littoral species of zooplankton are more numerous and occurred in abundance in
the thickly vegetation area than in the rest.

(2) All the species of juvenile of fishes examined, except yoshinobori, scarcely change
their food with changing their habitat and with seasons. Oikawa and tanago-bitterings
feed mainly on small zooplankton such as rotifers and nauplii which occur widely
through the littoral. Yoshinobori inhabiting widely in the littoral, feeds mainly on
crustaceans and chironomid lavae, and changes its food item with the change of its
habitat. Funa, on the other hand, feeds mainly on small Crustacea such as Chydorus and
Alona which are the characteristic species in a submerged vegetation area, as well as
Mesocyclops, and feeds on few rotifers and nauplii, even when abundant apperance of
these plankters occur.

(3) The significance of an aquatic plant belt for the habitat of fish larvae, with
reference to feeding of fishes was discussed. It is suggested that aquatic plant belt is a
more adequate habitat for the feeding of juvenile of the fishes, on account of plenty
supply of plankters. From the consideration of food habits of the most fish species,
however, it is not necessarily live in the aquatic plant beit to feed. In the case of funa, on
the other hand, it seems that aquatic plants, especially submerged ones play a more
important role as a nursery ground of juvenile.



