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Ecology of the Japanese Loach, Misgurnus
anguillicaudatus (CaNTOR)— ] .
Ecological Distribution®™

By

Zenziro KuBoTaA

There is few reports on the ecological distribution of this fish, except for the
distribution during the hibernation investigated by UcHIDA (1939) and the influence
of pH on the survival rate shown by TanNaka (1947) or any short descriptions,
although the geographical distribution was already clarified by many authors. There-
fore, it is indispensable to clarifying the ecological distribution and habits of this
fish as the foundation study in many practical problems such as saving the effort to
capture, finding out the suitable habitats {or culturing, planning the culturing pond,
giving foods, finding out the methods of spraying the insecticide for the purpose of
confirming the damage of this fish as small as possible or setting the most effective
area for the conservation of the spawners.

From these standpoints, the author examined on the distribution and habitats of
this fish in the river, in the culturing pond and in the paddy field, during the
period from July 1952 to Oct. 1956. And the obtained results were illustrated in the
below.

1) In the River Nagata, the loach is distributed in the middle or down stream
of the river, and is especially abundant in the muddy bottom of the branches from
the down stream.

2) The four species of fishes, Carassius auratus, Olyzias latipes, Mogurnda
obscura and Chaenogobius urotaenia, live in the River Nagata together with the
loach.

3) The loach in the river migrates to upstream in rainy season for the purpose
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of spawning, while in autumn it goes down for the purpose of self-conservation.
And the swimming up is thought to be induced by the flood due to rain-fall,
while going down is by the dearth of water due to the drying up of the paddy
fields.

4) The loach burrows into mud in winter. Usually a pit is occupied by an indi-
vidual, but occasionally a group of many fishes is found in the mud in the dried place.
This is thought to be one of the method to adapt the dried environment to tolerate the
drying of the body.

5) The tails of the most of the hibernating individuals burrow into the mud
deeper than the heads, next there comes the individuals burrowing horizontally, and
very few of the burrowing depth of the tail of the individuals is shallower than that
of the head.

6) No significant difference in population density is found between the loach
burrowing into the sunny place and that into the shadded one in winter.

7) The dense burrowing population is found in the deeper water than in any
other place in the course of the river in winter.

8) The dense burrowing population of loach can be found in the deeper muddy
bottom in winter.

9) The larger the individual is, the deeper it burrows into layer.

10) When the mud at 10 cm deep attains to the temperature higher than 13°C,
'~ the hibernating loach is awaked and swims into the water from mud.

11) In summer, denser population is found in the shadded place than in the
sunny one ; and even if the feeding place is set on the sunny place, the loach is
distributed more densely in the shadded place.

12) When it is cloudy, the loach is distributed densely around the feeding place.

13) When it is rain, the loach cultured in the experimental pond swims actively
along the side-wall rather frequently anticlockwise.

14) In the winter season, the loach in the culturing pond assembles in and
around the pit.

15) The loach in the paddy field is distributed densely along the side-wall near
the flooding channel, and nothing is found to swim near the draining channel.

16) The habitat in paddy field of loach longer than 70 mm in body length differs
from that of the individuals shorter than it. And this is thought to be resulted from

the difference in food habit between these groups.

¥ A D g

B oo OMFRTMC DT, GUNTHER (1863), 75/11&#AE (1897), BERG (1907), [MH &K
(1928,36a = b)), HHETEA (1930), 7% L NH (1934), LB (1935), VLADYKOV (1935), R &I
36 L OVRAEL (1935), PR (1936), [ &MME (1938), RMHE &R (1938), PIH (1939), Eib (1940),
KE (1940), B (1943), #H (1943), MWHE (1950), R (1947), MM & AR (1950), CHEN (1951),
FW (1957) I EDER L DEBHDH O, NS BHBIETLE, Fo o 9R3EERS LOTBIIEZEL VDS,

— 142 —



Fooe v okl BT s eI s

ShHgEER, AN, WUE, JUN, EIEAE, MRS, R PE (RN, BEEILKE» LEZETORM), &
B, BB A v FITbiza b CTEGEEICATT 5 C LK b, —F, «OERBNDTRICONT
13, FIER (1935), 87 (1938), PIA (1939), KB (1940), HE (1947), B4 (1948), LA & TEH (1952),
%E&%%E(WW)%i@%W(WW)&E@M%f%ik@iﬁﬁ@éobwaﬂ%@ﬁB,Wmﬁ
ZHRDIREE 75 & 1Tl TR0, T I AT R 3 TR IR IR o BN DWW TERINC E N NED
FRU 7z PIANE, B2 adicd 89, CNIKEET 2 —#OTEIT T IS h T80,
AREOERBRSTEOFE R M C &%, oM, EEoiEE, BRMOFET, 7\, KEIBT 5 RHE
Ot L OB ADFRERROHELE 21725 KRB TH D, COL I RN G, FHZI9287 H
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B BB 2 T7/29 S BbNA19524E108 1 H, 10817H, 113182 X (X 19564E10H27 A D 4 [HITH I -
THERTE 10, COREMCHIT->TE, T GRER) »LEEMAETHRNT, JIOEBEBRITD
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Fig. 1. A sketch of the scaff net used in collecting the

samples in the present study.
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Fig. 2. A sketch of the trap, what is called “Sen”, “Mondori”

etc., used in collecting the samples in the present study.
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ZUTIHBITIZ 8 B2 MEL, MMEOTTMELI, £D%19554E2 B 3 Btk 2HRL Tir b, %
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E2EBMTIERN, CUTEIERTIRY Tho1o, HEUKHEIZ, 81 82 FRIFE—T, # (Fdh)
20m, f# (RPE) 13m, A 200m?, 37085 3 KBTI, # (GErE) 36 m, £ (FEdL) 15.5 m, THEsss
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309370 6 1B E Th 2 HE30DTN TdH %o EHIE THIZ, BAXENCHREROBIEGS LOHRER L &, &
L0 OFRE R & MO DTRIRE R HEEL 12, ‘

S
=T

A. AMNCEHETFBIHH

a. RENOERBITLEHE

1. RENOERK

ZKEVHE,  (0ERRBETE & RUT LAk B D 1)
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WigdBnoEm 2R (84 X), Fig. 3. A sketch map of the surveyed stations along
T (1952) OEJIOBID B FUCRE > Tk the River Nagata, Yamaguchi Pref.
EINRRAT 5 &, KEMD b 800 m O, Note : Arabic numeral indicates the station, while

roman one is the morphological classification of

FR—EmRETE (B1X), #nlbHENED the river-bed following KANT'S definition.
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Fig. 4. Profiles of the River Nagata, in which the
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Fig. 5. Seasonal variations of the monthly means of water

temperature at respective sampling stations.

Note : O, Station 1 ;[ ], Station 2; (D, Station 3;
B, Station 4 ; &, Station 5; @, Station 6; @,

Station 7 /\, Station 3 ; ], Station 9 ; %, Station
105 4+, Station 11 ; A, Station 13.

o Aok, # 3R 13HE0 5 1 Station 122 RN &M CHIEL . (885 K), 41bh
LKRIZAMKE S t B OF2 BBRIET5~9°C, 72738108 AWEET 22~32°C Th b, &
PRl priE S A Station 1 (BVIX) BSLF2 (BNX) Goticd (EIKX) wis)sKEIRI2ZETIRE
NFEI 7.06.67.0°C, 1 BTiZ 7.0:7.6-7.0°C, ZUT28TIL 6.67.67.6°C T, BFET133
1F—FTnhs, 7 ATIE 20.0022.2021.2°C F7203 8 HTIE 31.0+24.6»24.0°C T, BFHF Lkl
JORREICAIE S A Station 336K (R 21X THRENCAIB Y % Station 1 L 3 6~8°C KR THH, %
WICET A AHEOKIEIRE « £& diT Station 1 DENEFIF—T 5, SHUEICIST 2 KEOFERE
i, Station 3 Ti217°C, Station 2 Tt 18°C, & U THH OEMHTiZ 22~25°C T, THRIBDOITH L
WL D HREL,

I. % % #

WL DB, BEETIE 2 £ Oryzias latipus, v 23 % Acheilognathus lanceolata,
#9 KV Zacco temminckii, 7 F Carassius auratus, F s Misgurnus anguillicaudatus, ¥
o Mogurnda obscura, 2+ 7 ¥ Rhinogobius similis, v v o Chaenogobius castanea 331 8™
% oY Chaenogobius urotaenia 98, BEIETII Ay =¥ Leander paucidens O 178, SE10ET
Do

AR TR SN T A OREES L OVMEAENT, £ 1R EERIORUITBY TH 5, 372b b & 0MEik
B, BIRTHEHIT L UBBETEMDS0.7% 2HDTHRIL L, DDONTADIE « A 4H« 7D
JERLT, Z 513 10.7~16.0% OERRT, HIRTIE I U &V BUETHERO 74.0% 2 b, HIK
WELCEIKITBI D LERTURDF L, DDONT 7 FD208, 15.8% 250 5b, BUNXTE, %71 1
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Table 1. Number of specimens of respective species caught by 120 min. scooping with scaff net
at respective morphological areas in the River Nagata, Yamaguchi Pref. as defined by Mr.

KANI (1952).

T Morphological areas

Species T 1 I L] v v kil Total

names \

Oryzias latipes Medaka (14.}:5 (1.6% (3.23 (14.% (27?% (27.% (17?%
Acheilognathus lanceolata Yaritanago (6.’..75)) (4.7% (3_5 (4'26)’ (1.2% 0 (2%
Zacco temminckit Kawamutsu (50.:?% (74.8% (19.46) (37.2% (3133 ° (33?5)
Carassius auratus Funa (1057§ (15.%% (67.% (41; (37-23 (60%% (39?%
Misgurnus anguillicaudatus | Dozyo 0 0 (3.5 ° 0 (10,28) (3%
Mogurnda obscura Donko 0 (0.55 (3.23 ° ° (1,0% (0_6%
Rhinogobius similis Yoshinobori (1,3% (1.5 ’ ’ ’ ’ (o.5§
Chaenogobius castanea Biringo 0 ° (2,4% o (O.S%
Chaenogobius urotaenia Ukigeri 0 0 0 (1,4% 0 (0.53 (O.5§
Leander paucidens Suzi-ebi (16.(5% (1.6% 0 (0‘7:) ° ° (211%%
7 - Total 7 o 75 127 31 143 83 195 654

Note : For the morphological areas in the river, see Fig. 3. Numbers enclosed in parentheses
represent the psrcentages of respective species on total catch from respective areas.

Acheilognathus lanceolata

Zacco temminckii

Carassius auratus

Misgurnus anguillicaudatus

Mogurnda obscura

Rhinogobius similis

Chaenogobius castanea
Chenogobius urotaenia

Oryzias latipes

Leander paucidens

I I Y v VI

Fig. 6. Catches of respective species of Ffishes in respective morphological areas of the river-
bed during autumn when loach is supposed to descend the river.
Note : Numbers of caught individusls are represented by LOHMANN’S spherical method.
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ROLEMHBLTY 7 B2URTRED 67.7% 25D TRLE L, #7 AV 6, 19.4% KB E2,
EVKIe LB VK TIZ 7 F 13598 E3E, BEITHL T41.2% & 37.4%, FTi-h 7 LV 12548 & 268,
BBITHLT37.8% £ 31.4% T, BIBWEEIDSDTHIEZ . EBVRTE # Fh 538 mL, BHoO
27.7%% 595, ILICENRTIE 7 FHBUSET, 60.5%%, DINTALLE Ko 2 oz nNEhngg.7
% £ 102% 2505, UEPLUT, FIREETIRKTE Y 27, EURP L FRETIZ 7 7234855
EUTRD DL ERT D, WU ICEROBMAESRIL654, D5 H 7 H05257, H 9 L UH218T, 1L
LIFHEED 39.2% & 33.4% T, COMENKLR ED S,

Table 2. Same as in Table 1, but shown by weight(g).

S Morphological areas ) 7 B
Species 77‘Jvaﬁpia-nrese ‘ I i I v v i Total
names \

s . 3.2 0.5 0.2 6.1 6.7 16.2 32.9
Oryzias latipes Medaka (3.1 (c.2) (o.1) (1.2) (3.2) (2.3) (1.5)
Acheilognathus lanceolata Yaritanago (E35;§ ( 15(:3 ( fé% (04[;3 (01(3 0 (%10%

. .. 43.2| 115.8 6.8 61.8 4.8 0 232.4

Zacco temminckii Kawamutsu (41.8) (37.0) (2.0) (12.2) (2.3) (10.6)
. ! 48.4| 100.4] 286.1 423.8] 191.7) 575.5! 1625.9
 Carassius auratus Funa (46.8) (32.1) (83.9)| (83.8)| (92.5) (81.0) (74.5)
Misgurnus anguillicaudatus | Dozyo 0 0 (224% 0 0 ( }g]l% 6295‘?
Mogurnda obscura Donko 0 (22948) (22(3 0 0 ( 18;; (120125
Rhinogobius ‘similis Yoshinobori | (%3 (55 I I I POk
Chaenogobius castanea Biringo 0 0 0 0 ( 1353 0 (Ogil
Chaenogobius urotaenia Ukigori 0 0 0 (185 ° (0223 ((1315%
Leander paucidens Suzi-ebi (23;9()) (OOC"‘E 0 (océ&; 0 0 (OA};
Total 103.5) 313.0] 341.9| 505.8] 207.6| 710.5 2182.3

" Notes are the same as in Table 1.

BXETHE NI EOBEENERIZE 2RORLICR Y Th b, 94bb, BEEIEIRTIE 7 -0
48.48, BU AVRA3 28 TREEITHUTENTIN46.8% & 41.8% % H), N5 OE XAk -
DEFEL (EV. BIKTIE, HBIRKIKBULEEBICHT 4V E 73 BES KXNMERPTRL, BERCY
UT37.0% £32.1% ®22NTNdid b, ARICIHNT K ah389.08, 28.4% OEERTH, UL
LEOEIBICEETH S, BIRPLEVIXE TORRKETIE 7 F05 191.7~575.58, BEBDS1.0~
92.5% T, MRELY EFL CEV, BEPOREHAHERIE 755 1625.98 T, £HEE2182.380
T45% i), AT AV e KU awe Frapohucosd, SRETHEEL A0 ERIIE VK Rk
WCTHOKIRIE EEL, ERORIERIE EB,

T AR 2 L K L OCREUC DWTIRN A &, X 035 X 7 )DL BIic D ic B 5,
'Lﬁﬁi@éTﬁﬁ®HK§<,&U&fﬁ%i@ﬁUAvH%IEﬂE%VZKWUT,%@5%%%@
BREICHROBEEL TSR OR, Aoz B B - BVR, $BIXT 2v /#0130
WMHOBEL - BIKT, vV T@EVRT o533 EV-BVKT, FrudEl 8 - 8UXT,
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Ko oidEI EEUX, &0DUIBEORKT, #neanFEgahis.
Dl iR O A I EBT 5O SHE, T 5 2OERCTIT b,

1) RO 5 THAT B, RHEL D b FHREIEZ L T e AL
2) FHRIBIC D AT G B erreeerrerreserri i a2 FY
3) iR X Cﬁizpﬁiﬁﬁﬁiﬁ?'ﬁﬁ"é ............... BT LY e ) AF T e AUITE
4) WPFEEYS X ORI ITEG B Foagwedyraden ]
5) b#H & b FHRIEIC 0 TRBRANC DT Do Fooo

ZUT, Foao boRERHZ TS« 440 Foaeoxa) 4B THD. b DEYOHEKEID,
A HHTREE, #7 s Y TEREPHE, 7768507 Y &+ TTRHEPEIETHE Foa9 - B2
Semy s RY YT ey RTY e AV ERETRERTH L, ERREEE V> - AFH ¥ ) 2T
T e n T AV ERBIRETE, Frasav Ry e )y T e v x I SR RELE IR ERERRE—
OBFT BT 5D, Fo e 2idARH & SOWBRET & 75 XM & OSTARNE TIXEEL, 0o
I OB A0, COBEMEKE, BFEOAEBBHRPENTEIHL Taxicd0bs, Bl JUOAR
B Bis AZOEREIAES S EUTEHEBL TV 2 oo L3 icEons,

KIERIR P B SN EET X st o toEE, UK TE 2 20 =h3b b, FICRFEDS O
YT SIR AT I N, HAVIREBEINIER L LTI, BURTY 7+, XI0OMRILI~
NE, ENKEEBVNXTF e hid b,

BELI Py « v ORMIZ21R, TEIZ 13087, 5T SN Ao AEEs X R EREITH
LT ZNET3.2% 18X 085.9 % 1B EL, U UBIRT 5L 910, REOFHOERMER, FWT
33 TR T 2 TH D, AR TREABLEZICRIBREINT, 1104~ 6 AR I 10~11HOR
B 30 TOHRINLDTH-T, COBBROBHEROSHEITHL TED 2HEE b T,
KRARIT 6 J13T ¢ LA TR O T AMIT19565E10 1 BT DI TAEER & & { FRRZZTETHY L
SRR R 1505 o TORER, AR 7 TR RBCH L T51.9%, BUFCIUTIES 9), Ko s U335
B (27.1%), * X HH26E (20.2%), Fr a1 (0.8%), FHERE, Fv=op251.58 (61.3%),
S+ h3150.48 (36.7%), A XHW7.58 (1.8%), Frap0.88 (0.2%) T, RMCHAT, Fo=
T 0D HEETEDDTRKTH %,

b. R av0EHMSH

1. £EEBROEHCHBIT S9N

ST 60T B BRI, BTN & 702485 R Y o O IR EBEEOIE 3 |R LD Th B.F COFRITLD
. R os whHBE I NPT, Station 5, 6, 7, 10, 11, 123X 1I3DFEM, DED A, B
FIEDOERNITH h, FiomEINZ» o tSind, Station 1, 2, 3, 4, SILN 9 DEESR, DOF
h AHINOERIS LK C, EORINTH %, Y XN B I N D 18T & ORBEOHERI,
EE%%%T@%iT%%@KﬂbT,%ﬁTM@,@itm@ﬁ®5é@lﬁmmﬁb1m60

WIT, s v DEEGICEEI RIS pEPR B IIDIT, ZNMHE SNBSS LD ONT,
H%K%ﬂ%ﬂ@M@éﬁ%%ﬁmﬁﬁé%ﬁﬁm%ﬁéﬁﬁ%ﬁ@%%%*wt(%7-%8§Doif,
BJII® Station 6 & 71 A 20HERA A E, FiHEIZ 3 ArD 6 HE T3 65 % ML ETHAITISIT 5 &
b%ﬁgwﬁ,6ﬁﬂ%fﬁﬁ9b,85%&§9HT@%%HT&@©,%%K%Uéib%mgmo
LUasl 9 e 101 ipld TIREOHML, 108 & 11 H T 100 % DfER2 L) 5. F12, D IO EERIC
w51 BEIAI, 6 BTt Station 109350 %A FTHEAMERT D, 6 AUETIHERML, 8 HTH 0%,
9H@im%,mﬁfdo%&%b@fm§<,~ﬁ,&mmnm&9ﬁ,&mmnudsﬁﬁi@mﬂ

« BN OTEREE, B2l AMOETIED,
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CENTNDOHOBEAE27RY, UL 10ALIEE TS Station 10 OEMEIMUIIATIZ71% Th b, 2F
hEIERE, T 3 XFTR LOBEBCE, LRBICKSIT AL 0 & FTHRERICSI 28K TH 5, 6A%
BELT, BERCEMCERBOSHETRELD b AXLE5, LHDUILFCIK 2FELAERB L

Table 3. Monthly deviation of the catch of loach (individuale/24 hrs. ) at respective stations set
along the River Nagata.

1952 1953
Station July30|Aug. 27|Sep. 30/0ct. 29 Dec. 1|Jan. 6[Feb, 5Mar. 4/Apr. 3| May 4)June 3lduly 8| Total
Aug. 2/Aug. 29/Sep. 21|Oct. SOP_e_cM:_g Jan, 7|Feb. éMar. 5|Apr. 4{ May 5 lJune 4July 9
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0] 0 0 0 0 0 0O 0 0
3 0 0 0 0 0 0O 0 0 0 0 0 0 0
4 0 0 0 0 0 6] 0 0 0 0 0 0 0
5 10.0 4, 1.0 0 6] 0 0 0 1.0 0 2.0 2.0 1 20.5
[ 6.0 1. 3.c| 11.0 0 0 0 1.0 1 18.0 0 4. 1.0 | 45.5
7 10.0 3. 0 0 0 0 0 0 8.0 0 2. 1.0 | 24.0
8 0 0 0 0 0 0 0 0 0 0 0] 0 0
9 6] 0 0 0 0 0 0 0 0 0 0
10 2. 0 5.0 3.0| O 0 0 4.0 11. 9.0 1.0 35.5
i1 .5 1. 4.0 0 3.0]1 O 0 0 0 5.0 8.0 0 24.0
12 0 0 0 2.0 0 0 0 0 0 0 0 1. 3.0
13 0.5 7.5 2.0 0 1.0 O 0 0 3.0 6.0 1.0 1. 22.0
Total | 29.0|20.5|10.0 18.0| 7.0, 0 | O 1.0 | 34.022.0 | 26.0 | 7.0 |174.5
Note : For the position of station, see Fig. 3,
100 j=——@& &—e
[ 2.
8 ~Q
fx] & \
g \\ /0
—~ 50 &0
Z ’ \
&4 / ]
2 L B
&= -—-—0 '
5 s \
/ it
o/ v
0 J O ! } i } i ! o0—0 }
Feb. Apr. June Aug. Oct. Dec.
MONTH

Fig. 7. Seasonal change of the rate of the catch
from the two stations to total catch from the
Branch “B” of the River Nagata.

Note : @, Station 6 ; (O, Station 7.
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Fig. 8. Seasonal change of the rate of the catch from

respective stations to total catch from the Branch “D”
of the River Nagata.

Note : €, Station 10 ;[ ], Station 113 X,

Station 12 (O, Station 13.

% Station 10IC#5(T % 8 B~ 108 OMBERHDEERE:, TR XOD TN S3ERICET 2, <L
T. BIITIZ9 B, DIITIXIOEMERC/S % & B FIREOF AU T L b0 LD S T F
oo U BBEHCEE RT3 CLERBRL TN,
1. 2FCBT 3290
1) ZEDOHKE

C v o UDSTRARATEIRT AT, DTHHL D A D T, MRIICIRD A S LS A FEMTED LS,
()T‘E(D L0 WBICH > THET 2, CORLOFEIZOTHCEFTAIINE S, BEEETH L. LItk -
TEOUTH A2 EES LT, BE2RAICANDG LI, B2HECEHRTLC P TEd. 1 DOFUIT
W AAEEAORRIGEE | BTH 505, B CIIHE L T EEOMELIRR 22U T 5 //min
3B COWBT-ONT, HH (1939) 128N TIM - KEZEOREEO KT &, BLAw 5BRAOF
S I PELNBY, £E 30~40mm O/NX W K g IRHEREICE S DTN A0 ZRENPERL, C
DOTERICEEY S 5 0h, BICHE—ERICERBL T2 DIt F20 ORI L Tz UBZ0 & W
EXNTNDEY, EZHOLH5F TOMETIE, AEM 40~80mm O/NHRDHOBEDRE L, KB LM
B EVBET ARGIBTHI, & bfkmﬁ@é@b/% T ISEBL V. 1 DOFUCETHEIRL
TWARDITE%RH S 121 Station 6 (8 3 X)) TiIZ - I HFERERIL, B4RTRUIEY Th b, T
IhHEOHZ,  FEHBREME D d EHICH AHEW IORBACEOBEVENE N 46 % & 4L % TE
Q. VHEHSEES X b THCHAEHE 13% THTHD. 4 HAA 1L DOFUTEHORANIRIR & 2T
AENTIE, BOMXIZ—EYT, BHEBENCHLHH > T b, FLOWEIR, APIEroBAL, &
EH TR B R T iS4, ERERESE D b IRk e AT 200, FOMMER
FRIC TR I o T b, FIZFLOBFEIBICER L, KO FEAP L RO EEE TORERE, 220
FOPBHNTIST ZAEREER, BART 5 1) CRAOKRBICHAATNIRTIRZIEFEL {, E1RERATIER
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Table 4. Orientation of loach burrowing in mud.

Orientation Number of individuals Percentage
Burrowing depth of head is shallower 1 4
than that of tail / °
Burrowing nearly horizontally 15 41
Burrowing depth of head is d=eper
than that of tail 5 13

B, RIERK - THRAL O KRNI Z BT, A3 3P 5 H 5,

A) FAINCRITAUBLADERBRELOBER
%ﬁ@m%ﬁuﬁ?@@gm%ﬁ1HT@K%UTﬁEmk%wéw@ﬁﬁmiﬁfmmmzlag@m
Station 6 & 7 EORBIRKIRTERL. (EIX). £opikt, —EXEFROBRZES TEHEL, BH—m
M) DROEEBE 2R, DOWTHRRL I Ky = w8 RHRAEBAT A4 2BEMNIEOILO D
LZOERRREEPHEL, COMEPLADAEBRBRMTELU. (E5#), LORTCLDE Ko 2 ohfiE

Table 5. Burrowing dansity of loach in winter and estimated biomass at each station set along the

River Nagata.

Station Area(su{l‘veyed Captlrlred lts weight Dansi’cyv \Y/idth of Estimated
m?) individuals (g) (ind. fm?) (afm?) habitat(m?) | biomass(g)
1 .0 0 0 0 0 0

2 5.0 0 0 0 0 0
2 10.0 33 76.6 3.3 7.7 65,0 501
3 5.0 0 0 0 0 0
4 5.0 0 0 0 0 0
5 5.0 0 0 0 a 0
6 2.9 188 395.8 64.8 136.5 73.0 9966
67 2.5 61 122.5 24.4 49.0 16.0 784
7 3.0 0 0 0 0 C o]
8 5.0 0 0 0 o] 0
9 5.0 0 0 ¢ 0 C 0
10 30.0 295 979.8 9.8 32.7 246.0 8044
11 9.0 78 119.7 8.6 13.3 86.0 1144
12 3.6 26 44 .4 7.2 12.3 56.0 689
13 16.5 70 196.2 4.2 11.9 16.5 196
Total 112.5 751 1935.1 —— — 558.5 21324

XNTc8ffE Station 27, 6, 6—7, 10, 11, 12BLPNBOEESL, 22 H BIHOTHELE DI SN
WK HDARRIITICIAT AW TH b, FHEINZL-I2EIE, Station 1, 2, 3, 4, 5, 7,
8IS KNI DEREL, 2 hKHENOEEE 20 B, AlllE BIHO BRI IKCIHNTETh 5,
T SNBSS NS - TN BT S ORGEOMHE, IE TR, BEENRLT, MESEPLEROI
WU T, BETIREEDA, B, W, BEITZBOMANELDS HOWTNpcEYST 5, ADSHIER
HRENT, #iRT 2 L5 WIIOESENSENEESS 2FE DT, L d RLoBECEICEEL T 5, B
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WU TR BENC R AESTT S AERICISIT D EN ST —HT 245, $HEITIO T Station
53 LN 7 HIEENOEBEERL T b, CORMNE, &mwnSi%i®M@M<TﬁyaV®ﬂ§

BT AWRBRE L TREYTHH C &, Ziz Station 7 ZRAMES T TRENSEILIZC LICLD80
LEbOND,

1m2¥ ) OERRMIE, BT LR TH A Station 75508, HREEXKELD Station 6 ~ 7 H324.48,
T @ Station 6 3 64. 8T, TWIROHY L b 8L L £ L DINTIF LHiHD Station
13034 . 2B TR & 75 &, Station 1253728, 11238.6/8, ZLU TR FHRETH 5 1007 9.8BTHE S 1 .
2% D, BIICE 2 ERAUBERPED b,

I AOEREREE BT Stations —7 3516 m?, 65573m?2, FI2DJHTIE Station 13 %5 16 m?,
120356 m?, 11%386m?2, 1043246 m2 ¢, WJIl& ST LWL b & FHEO AWEN. LT2H5 - TMRH
ICROHETEEREE, WilE d EREL D & TREOIPKTH S

N) BYDEHABOBRICEITZ2ADEREEDOLE
FIZ1954F 12721 H, ZXEOBICERL 12, 573 Station 10 (F3X) © 1 XET, JINIER
LEEAZED, JIINE 3 m, Zd 35 Lo | m FMA TKEED 5 ~10em ORI LI > TN Do EIZHLHED
Flm I EROKE L H 5 em & 4, BIPAOBRCII/KEEA TR (NG OFXKER 2NN 5
FIICA->TA » B - CREENENIEL), WEIZEEESVESEINTH-T, TOEFKTDH 5 LF
OBEZRIEL Tunbd, AT, HHAEADOENCE Z OEMO LT L 520 RIcBAEL TS HED T2
WIT CRTCIHFEEIT, BRTIECLOTRICAK LD, —HFAXTEBRYOEFH L > T
KETHEIL, TFERTHIOH 10m % 554, M3m %P 3250 CTSKEEED, SXEHCRIOES
WIOERBAOBE 2L 50, WICEY Y OAKE HIEO CRITIST 5 ZREOROE 316 LOERRD
RO 2K, ZNEN R 1z, 23, ZRXEORLOECESE, EEPK 1om, B3I
50cm OFKEER | KEICD S 3 #FdH TRANCEL CATHIEL, SEHUTETEDLI,
ARECRICHIFZRIDESOLE : H4h & HEE OROEBBER LET 5103, ZNLHNOR
BRAWE—TBI IR 530, & AT, XTSI 5 Fu o v OERERIL, %ﬁ?éiomui@
B THETZNE, 2300 DNTRRORE 775510, SXECRST 2RLOEIIEE
Bz TEIARICR LU 7. CNSOfD» D ARSI CKICHIT AROEIOLEER KD 5 &,
AX Tt 9.84£2.23=7.6~12.0cm
CXTi¥ 8.0-42.78=5.2~10.8cm

I U HRENE 95 %
TR, MR NTROES ORI D 5N,
AE&CEL£U6Q®E BEOLE . LHofME»LEYY & OBUNORREREVR—-TH 5 L

AT, M OEOVIGERBE DO % 112 512, &IXECIS 2H0OEBRHBISEHE I RKITRLTZEY
THhbH, CNHDENLL, ARECRICHT 5 | KM b OSEEEEBRHERD 5 &,
AXTIZ 11.84+9.69=2.1~21.58
CIX T3 10.8-+9.85=1.0~20.7F
TNHIT, ROLEEEOZERY, WHEEITIS O TED 51750,
=) NOBBREFRBH LOBEMEEFRCBITIZRADEREEDLE
IREEDIIND RN & A B Eris L P —IT I RL T 2 BE578 5 NN ERITE &S 2 L T, IR —HRIT
hHAGED I DOESTTBRB T CEREZT L it CNLOEBREZNTN, E1, B2 IPEIERE
CRRAYS
B 1R KEHSNOBRBICHBEE : I xOEBCRT AAKE CKINTNIOBIXET,
ENG OEMSHERICIKR L DE L, BLoBOE S LCRAOEEBEERMEXEMC I TERLE
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Fig. 9. Schematic representation of the distribution —-—— _: ERERNEE
of loach during the burrowing season. |
Notes : The oblique lined parts symbolize the | Seoe0000a
shaded parts in the muddy bank, the blanck | goaoasane
ones do the sunny place in it, while the | 8000
vertical lined ones are the [lowing course of |
water, Number of the solid circles means the !
number of individuals caught in each quadrate 7) I 10
of 1 m wide and 2m long. And the numerals :U JL

enclosed in parentheses indicate the depth(cm) - =

of the mud. A B
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ST LD, COMKE-FEL TR—XE LU, CoRE (A, CR) EHREET, UK
ThsHBREZRLOE SIS L PRADERBEIC DN TISDISOHLHKL 72.*

A CREBRIEHBIZRIDBEOEEOLE : FREDRLIOE S 9 Bk THEMITRL I,

CAE DD B RIEFIOTRODE & DSEIE % B 5 %OERHEREFA TS - TRD T
IHHA - CRONEY(EIZ 8.941.52=7.4~10.4cm
U L BRTiE 16.0-47.20=8.8~23.2 cm
FRficiRhoE s 0oERE, mXEITSOTERD LS.

A+ CEREBRIEBITIIADEREEORS 1 LiROFEEDP L, JIOBIH & Al L& &R
DA OB A » CIKEBRETH—~Th 5 EHELT, HROBOEBRBER U, HXEOR
OEBEIIE IMTRLUIE Y Th b oLk b &RKED 1 K h O ERRE GRE 5 %0 E1
RATRD T,

FrHHA CROPEEIE 11.342.77=8.5~14. 1
BXiE 54.8-£25.95=28.9~80.8&

ZHHICTEROFEEEITIZZE U CERPED b s, AREP S AOERERIE, 1) JIohRE DTS
PG E Y AEETH B, 2) QKK ERCD 5HE LD $IENCD 2 BEOTHROERIZE N E
W3 2 OGEBIN T b LD, & CATROERBECHERLE R LITHRATY, WEHH > bowrdh
W B A5 TS I TROERZT/E -T2,

mo =B KEMNO—FICRUTOBBE  ERPFHIE | EROB & & @Ric Station 10 (5 3K)
o1 KET, JNMOmEOIRG & T HEOBESD & OBRE&MNE FRUTZE D TH Do U UILHIOA
K Aisds L O BRI B X ONCIK & b 3 #910 em {4 TKIBE D> T H, —75 B LN CRIGHizkEL
MO TIABERTOEY E1I0ERD,

EEOTER, TENORSLOMR 3Im 2RTENINIETLT, | m? OFE>H T HXEE 9 &
L. AsB+COEXBIIC I XEMDOIROE X35 L FHOERBBEHONEM 2 R THERE U T,

KR, BT OEXOTEHEDRE « ZXEICISU HRLOE ZEIORICSINTRERTRUIZ, b
D b REFNCREOE S OSISE 2K 5 &

AXTix 14.0£6.58= 7.4~20.6cm
B Tix 24.742.26=22.4~26.G cm
CKXTI3  21.33446.2=16.7~26.0cm eI LB 95 %

Trbh, BREOEIOLHMEE, AKEBXETRERSBD LN, BEOHVRIELD EEL, &1
AR ECKETRERBED LIV, &0 AT, ) QBT 2EBRRY» b HEOFMMIROERS
BT R IE X b, & B OTROREIC BT 5 AKX E CK & id/KEOFRS M EEHEEC
B TT T In E ) It d A DWIFEISEIT S VA Do

ARE CRICHITAADEBREEOLRE : £XEITK 5 AOLEBRBBIZEIOMITRUITEYI Th b, T
L hERIcIsT A1 KES D O EBREM R BRES %OERRATE > TRD L

AT 16.34+3.92=12.4~20.3R
CXTix 6.331.54=4.8~7.98

ORI G, NOEMOBRPEORE L b § EAREOH, AOLRBEENSETHDLEVA D,
T BRONEEE, 14.3+£7.45=6.9~21.88 T, BX&CKRETRHEESED LN LipL t—
test 1231T HIEBEER 5% 105 10 % IR A &

B Tl 14.3-£5.06=9.3~19. 4
CHTiZ 6.3£1.05=5.3~7.4&

* IR TR E P - 20T, K2 = YIRBEORAL D EOWREILE § SoTin b,

— 186 —



K v a0 kBT 5 -1 157

0096000085 | 006 c00ssee | veesee
e | ® l
k l | ] E Im
{15 @24 20)
I |
- 4 .|[ S N R
soesssssce | cseoceesse | ecssese
229888 | ee0e00s00e
080 _
| l l I I
1 25 22)
| I
e 4 __, .=.‘ _.J mmmmm H mmmmm
seeceeeses | | eccessesse | scescee
| eoeeeece | #000ees |
N |
(16 25) {22
i L L '
JUUUL o
B C

Fig. 10. Schematic repressntation of the distribution of loach during
the burrowing s=ason.

Notes are the same as those of Fig. 9.

s WXV TERPED SN DL, UIZdi o T, RERP S EROLEREEDOBII L D & Ry
@bmji%:m&m SRR E T HDITIENDE0, TUTBEBCK LD §ROERBENERTH 5K
Fik, NomERTH s L, BEOEPENC L, KEGTEET 50 L3 EOEMTHBERNEL NS,

B£IEH HFRECHOTKDB—EKCHD, EROBILCEENTNEE @ EHI ROBEERLHLL L
Station 10 (83K © | Kl TIT/Z>72. HOBRIE, I 5xOHBELIFTHEL TH D0, EHOBRIZY
FHBRL TV D, b b EAREIZERORIVBE U TAB—BCRN T2

EREHCHITIRLOEESOFHEDEH—MRE : EREYIORLOE S 2HEHKOFEIRATRL I, T
LB DEM S %IXJ’EEGC%’U LHIROE X OEEE 2R, £N6ZLEEIP—ETH S T & BRIFRIE LT
F—test 21372 o 72, ZDFGE 2758 Sry=178.0, HZH Ss=71.9, WNZE SrH=106.1

ni =2, ng=6 T Fy=2.033, F}(0.05)=5.14

FNHIC S EEEORIFRBUIE TOLNG L, F L TERKRE LA Tedh b 30 LU TROWME S
1178 -7,

%Eiﬁ(\_?‘)[:"éﬁ DEEBEEOFHIEDE—URE « £XBHORMOERRBEZEIPICRUIZ, b

fE 5 BRI AROEBREEOEHE R R, ZNo6B—ETH AT &2 RIEREHRE L T F—test
’Tom‘;oﬁo ZTO/ER, 2ZH Spr=105.56, WMEEH S;=20.16, HPILH Sr()=85.4
n1==2, ng=6 T Fy=0.708, FZ(0.05) =5.14
Fy<(F(0.05) TdH %0 b EFHEDRMERFUIEET S 120,
DD 3EHBOFERE2REET 5L, MOEZBEIINOESOER S BESARES b, BIXERL b
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Fig. 11. Schematic representation of the distribution of loach during
the burrowing sesason.

Notes are the same as those of Fig. 9.

LEET, JOBLIES & RdEE & 0 > To UEBHRICE L Tid 2 QMR TH A L E b b, ZLUTHE2E
BRICISWTBXBCX LI Y 4 £ @ttij-ucf%»mﬂvp—_r\lﬁ BEZ, BXDIIDARBEERTH 200 Tidiz LT,
JRLoBENT » B L OKEIGEREL TN A L L0 2B/t A 50 &b s,

) ROBOEESEABDEETELOBERF

FIRL 72 ) OFICHIT AEBOAK & CRITK T 3 EXKEROEBRED L, BIOEOES & tm?
HHOROEREE - OBRRZERLULONE 12MTH %, MEOBZRIZMGETED 3N, AOEEEE
BRTOEBENMIEARTH D, U TRLIOEOEILK 5 em IFOEICIE, F2s 34070 T
AT

~) BOXEELRDCBIIIBREELOBEE

THAFTI Station 6 3L N10 (B I3E) OXE T, U3 RBRLOBEOESH 20em LI EDER2EA
1. COLIWRLEDENE CARBAIZIERIZ, RBLOEFENEROAEBRHEGDEVITT TS LT,
KRB S PRI C OBOACER S NI TERET 27001, ©L BRIVSREBOBEBTabnn
ETLAEDTHB,

WETHEE, FREORPHRRE FY s vOARRRTHEMCHOUIAL2BELE LT, FTeOMmE»
LIL DS, HBILICRITHL T, Z0 Ao FER E TOEEEMPHEL 12, £ ORERIZEHEIS
FUORLIZB Y Th b, TOHLRADKE (xem) ZIBREE (vem) tOBRIIERLESD

ERA, ¥y =2.32x-9.20
TEDLIND, DEHEES 7em OfGd, BEFTORBICEHTIHES, €U THE 10em T3y 12 em,
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Fig. 12. Increase of burrowing density with depth of the sedimentary mud.
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Fig. 13. Change of the burrowing depth of individuals
in relation to their body length.
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IR DEEERERDP O BAEDK & X LRANC T H7EREE & ORICZIEOHBEOH 2 LW HLP 5o
720, AEENTIRRBLORE CREICROERER S LOERE & AE-AR R eheh 2 L i,

FHEIL19564E 2 F 14 HiT Station 6 (3 K) @ 1| XETEMEL 12, AREBICIST 3R 0OE 3125925 cm,
FEBOKIEZ 8.4°C, BLOBEZES 10em T3.6°C, AU 20em Tz 7.4°C Th -1, TWEFIE
KB SRR B R, EHO LIER MY T T, RBI2MOEH~NEL, Z0OBH» LM 50cm, #
30 cm DYETEOFIR 2 HFEE T 10em iT78 5 L 5 WRFICRBEPICIBA L, # o FE# & TEICERT 5/
ZRIRNCERIBL, BROFEERS IFERE LAEBEOHIERITR -7, RBEIRORANDOIFEALL 6 BIfTE <70,
ZDRER, FOEEEBERIE 0em DETRIWE, DEETRITET, £ACHT 528 &1251E T 87.3 %,

BETIXI12.7% Thh, TIMEROERZ 10em, DETIX 188.58, DETIZ 111.88, BERICHT
HEEIE, TEI62.8% & 37.2% ThoT, BIEDOHAPBELY §KEl,

NUMBER OF INDIVIDUALS

8 10 12
BODY LENGTH (em)

Fig. 14. Comparison of the frequency distribution of the
body length of the individuals burrowing into the mud
deeper than 10 cm with that burrowing shallower than
this dapth.

Note : A, shallower than 10cm ; B, deeper than 10cm.

HERDOREHMRIIEIPICRUICE Y Th b, AEHIHIZ, 10 cm DETiE 43~106 mm, PIEE T 57
~134mm TH 5, b DOEDPLEEIOEEFESR t ~test I LY EEHE 95 % ORAFATRD B &
10em DIEE T 59.0k 1.93=57.1~ 60.9 mm
EU L BT 90.04:11.85=78.2~101.9 mm
E73 0, EHEEREHBICERT 2RI TERELRY LN, BEEOAVEEL D & AP K E .
IR OEREMR ZE 16 WCRLUIT. FECHPFIX 10em DETIX 0.4~7.58, DIETIZ6.3~

19.88Th b, ZREPOMOVIIAEREZ, I 5OEREBOHE LRABRMECIYRD D &
10em LIRTIE  1.6040.23=1.37~1.83¢

[EAVEQDE: a1 6.58-4+2.95=3.63~9.35¢
T, PHERERHEEICERT 2AMICISNTERPED SNERBOFVEB L b 3 MEENKTH 5,
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Fig. 15. Comparison of the frequency distribution of the
body weight of the individuals burrowing into the mud
deeper than 10cm with that burrowing shallower than
this depth.
Note : A, shallower than 10cm ; B, deeper than 10cm.

0L 5 IChER L OEEOEEE, W E 1cem PE LD 3 DEIWART HRDIBREL, O
HEEZ FRUT ) OHOEMEERE £ {—HT 5.
F) EEEE > CTRODSKPANHERET EH

AL 19554E 1 H17H b5 3 H3LAS TR « v DAERM TS S Station 6, 7, 10, 11, 12 IB8HT 13
OFFE GESE) TEML I, FWETERSESICEPICHEEL, KEWE L TROEH P AEIRSHT
W, HEPUDU LTI FY = 9 OERZRIEREO, e OFRUCHBHEL T E
5 IR R AL, RO—IhIKEAHEL TN A 8B813 50O %, ~$I0KEN EREL TROZEENE
B LT 5T biY, EBEOELITHE - TRANENTEATIEICET 2RE0E Y OB 2, LNEHIRA
AR E UTERL T, 723oleD iR HERR D> 5 10 cm O XTI IRETED LI,

SATAG RS, AR RO A -, 1R% 4+, 2~4RBBA4+, 5RUER++ L UTHER
WARUT . §h BN s OFREED S BT, BUCHMBIHEL IS Statione T, HiHX 2 A3 HT
Hhe CORFOKIEZ 15.8°C, BOEEIE 10.1°CT, BUITRESIIU 2TEM & ZDZJUF’\L%XOD’CL\T:O i
b OERSDMOHETIZ, 2 82 HIT Station 5 (3 [K) OHHEC/NET, 3 x0HE ERABESRDR
BED IR FAL 72, C OBOKEE 12.8°C, BOEER8.8°C Th 10, DHOADNRIER, 24
OE % TR T 4R b N HiX s X A BN T, 1B b U 1 RIS R B & 8, ZUCiE DL
&, BRI RN T, 2 ATAP LR, RO RO U I EES ML, 3 B
Tid, @TFEEMSITSVTRBA LI, RoESEML, R L ORBHTENZERE L5 -7,
REIK 0 mm M LEOAERA - ZNUTORKET, 6%56 0FfEEbNE/NERLE 2, [HRORW
COWNTHIEET % &, FIERBELD B, Tabb, EEDVEICABEARIERL RIS AiH,
Bk Station 10 (8 3X) TEDEDKIE 20.8°C, ROREI 15.6°C ThH -7
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Table 6. Environmental conditions relating to appearance of loach awaked from hibernation.

February
Date
3 10 11 15 16 19 28
Weather C C B B B R B
Station
Air temp. 12.0 14.6 4.9 11.6 11.9 11.6 14.0
Water temp. i5.8 14.6 14.0 14.4 14.0 —— 16.2
6 Mud temp. 10.1 i0.2 7.2 12.6 10.9 ———— 13.2
Cond. app. + + + — — —_— + +
Water temp. 11.2 14.2 11.8 10.2 8.8 I
7 Mud temp. 10.4 10.8 8.6 8.4 8.0 — 2
Cond. app. — — —_ — — ——
Water temp. .2 14.2 10.0 14.5 11.é 10.8 11.8
10 Mud temp. 12.4 10.5 8.4 12.0 12.4 10.4 11.8
Cond. app. — — — — — — + +
Water temp. 11.8 4.8 9.6 2 15.3 10.6 14.4
11 Mud temp. 10.1 0.4 6.2 2.0 12.0 10.4 13.7
Cond. app. — + — — + 4+ 4+ + +
Water temp. 1.8 14.7 9.3 16.0 15.8 10.7 15.3
12 Mud temp. 10.4 10.2 6.0 10.4 10.2 10.2 12.7
Cond. app. — — — — — + + 4
Water temp. 11.4 14.4 11.6 16.0 15.0 10.6 14.8
13 Mud temp. 10.4 10.6 6.2 10.8 11.8 10.2 13.6
Cond. app. — — — — — — +
March
1 2 3 4 5 7 8 9 10 12 18 19 20 31
C B C B B C C C B C B B B B
10.6 14.8 14.2 12.6 19.0 10.9 11.9 12.6 1 13.0 | 19.1 | 23.8 | 14.6 | 12.6 16.8
|
12.0 14..8 16.4 1 .8 14.4 4 | — | 20.0 | 23.8 — | 21.0
11.0 13.0 13.2 13.1 6.0 13.0 1.4 —_—— 17.3 19.6 | 17.0 | —— | 18.2
AR (TN I IOEU G — e A b —
5 2| — | 144 — | 118 | 183.0 | —= | —= | 17,8 —— | — | — | v
0.0 4 — | 11.9 | — | 10.9 | 12.2 | — | - 53] — | — | — | —
_ - — — — | = 1 e e |
0 12.4 12.4 13.0 16.2 .2 .0 13 16.51 20.8 | 17.4 | 16.4
1.2 11.9 12.2 12.1 13.0 4 2.2 1.9 12.8 | 14.7 | 15.6 | 14,6 | 15.0 | 13.1
+ SO I i U I i i B
11.4 14.4 17.2 16.1 17.1 13.8 11.5 13.4 | 17.6 | 20.4 | 21.2| 19.2 | 16. 1.2
13.7 10.8 15.0 141 12.3 13.2 11.8 12.04 16.0 | 18.6 | 17.4| 15.7 | 13.0 | 18.8
e T i It iy A (s iVl g
11.2 15.2 17.0 16.4 17.2 14.2 13.0 13.6 17.3 | 20.2 | 20.8 | 18.8 1
11.6 | 11.3 | 15.2 | 12.8 | 11.7 | 13.1 | 12.2 | 12.0| 14.9 | 16.0 | 16.0| 15.0| 11.1 | 18
S IR R R R ~ L
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11.2 | 15.3 15.4 | 16.0 | 18.3 12.8 | 11.9 14.0| 15.2 | 20.0} 2 20.4 1 19.0 | 18.8
11.0 | 1L.9 15.3 13.6 | 11.6 | 13.3 10.8 12.2 1 14.8} 17.0] 1 16,2 12.4 | 16.4
EENE + + — ] = S S T FE R
Note : For the position of station, see Fig. 3.

Abbreviations :

—, none appeared ; 4+, a individual appeared ; + 4, from two to four individuals

sppeared ; + + 4+, more than 5 individuals appeared. B, fine; C, cloudy ; R, rainy.
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Fig. 16. Change of the temperature of air, water and mud in relation to the question whether
any of hibernating individual is awaked or not. Special attention should be paid to the fact

that whether individuals were awaked or not have more intimate relation to the mud temper-

ature rather than water temperature.

Notes : >, Station 65 O, Station 10; A, Station 11 ;[7], Station 123 %/, Station 13 ;

X, ai

When all the individuals were burrowing into mud and none were swimming in the water,

the temperature is represented as solid marks, while when there were some individuals

r temperature.

swimming in the water, it is represented as cpen ones,
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Kﬁikmﬁﬁbfmé%%ﬁ%éw,%@%Téﬁ$ib%®~%%m$wﬁbbTMémﬁgamo&
CéﬁSHKA%t%%KioTMM®ﬁEﬁ1yC%Ciéi5KK60%@iim%ﬁfﬁ,mﬁﬁ2
AAIDZ & L TR s I EROBATE, 13EA SN EBRL T b, —77, ZNETOMR
E@%WT@,mﬁw%@m%ﬁﬁﬁamo%beﬁbmﬁ@%@%ﬁé&,W@~%ﬁﬁf@@<f%
O KFICEO T L 51T b,

B. BB 5A0
I.EFELCL BT B3aH

AHBXEEnRE
PR © 45 | BT 1054050 H 7 B, B2 EBNZ 0 B0, FLTHEIERR I AUHILENZN2E -
38 - 2 BOAMTEML 1, (b OEERAOREIHRT, oO—HIZMEEHT L > TRADEX LN
I T L TR OMRT 5 BERAEL, S0 REl T, Buitigi e 2L, R BT
s o1, EERFRDKIRIX 29.2~30.6°C Tdh b, SHEBROMRIHEITPITRL I, CORICRLTHLH

-\ 8N\ @

Fig. 17. Habitat preference of loach in the experimental pond, in relation to the sunny or shadad cendition.
Note : The parts oblique lined indicate the shaded places, while the blanck ones are the sunny
places, Symbol F, represents the position where the food for loach is set every morning. And the

number of solid or open circles in respective quadrates indicates the number of individuals trapped

there. Special attention should be paid to the facts that the loach intends to distribute near the

food or in the shade, especially in the latter.
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BEORK IS & 13 EBRBIARIC IS 2 2 ORIETH 5, CHLLOEERICY LT, BM4D (a) & HROE
BT (b) BNCHMBESG L O | XEY b O VRN 2R, (573), $/0b bEEilomERK

Table 7. Distribution of trapped individuals in sunny day.

Number of trapped individuals Captured number
Exp. No. | Environment Total
in the quadrate per quadrate
( a 4111510015 15(40.6%) 2.50
b 114326129 22(59.4%) 3.66
5 a ojojo0|l0|O}O o 0%) 0
- b 31212111510 13(100.0% ) 2.17
5 a olo| 1400001 627.2%) 0.67
b 3| 211 16(72.8%) 5.33

Abbreviations : a, sunny place ; b, shaded place.

W, BEREL DO akhbE L, bIEE IEBRTIE9.4%, H2EBRTII 100%, #3EHTIR
72.8 % BB BMERBITHL ThHD B, Fhra b b o KERY Y OIGEEERI, 81 ER T2 5RIT
WU C3.7R, H2ERTIZ0RIHL T2, #3ERTIR07TBICELU T5.3B T, BEREIBEDST
WRIELD § B, 7338, MERICHT 2HERHMOE G, 81 ERTIE 74 %, 82FE8TE 2%,
B3ERRTI 44 % Th -7,

N
/
[ e/ / o i o 4/ o o A
I o \/ v/ [ l/ /v o o Lo/
| 7, | s o W s s
! Lo, s | W/ s | lr s s
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s DAL & e ]
AR S a2y S e e e o/ /27 e
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ATV S S el e e s 72T e
e /| e e A N2 s s V=L %
Py /'/!/// SN EGYYYY, a7 2 (F)Y (e 7,
& 8, @ - 7S
T T T A N T, AL
D 0 F

Fig. 18. Distribution of the trapped individuals observed in cloudy day.
Note : The parts oblique lined indicate the expected shaded places, while the blanck ones are sunny
places. For other symbols, see Fig. 17. These figures suggest that no bias of the distribution of
individuals to the expected shaded places can be observed in cloudy days,
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BXeE © FilOEREENIES M BNROESOBMC L 5 4 O, FTUIMRIT LD b O 2HEPD
TTIE, ILIEFROH, DT o B 4aEBITIs4EIHeH, E5EBRIoH8H, HeERIOR9HIT
ENENFIL »70, ERPOKEZ 27.0~29.2°C Th b, SEBOERIXEEKITRUITEBY TH L, C
DOEICHNTEANKEIZBERICHM H 253 3ToRE (@), ZIARORERERRICHEE S 5E
TORE (b)) ThHad, 20T a & b ) HEMERENGES X 07 | KEY b OB R e KD
(8 838), aliCisl) AR OBHEERICTT 2 &3, 4 HEBTIZ48.6 %, 5 5EHTIL 60.8%

Table 8. Distribution of trapped individuels in cloudy day.

} Number of trapped individuals Captured number
Exp. No. | Environment Total
in the quadrate per quadrate
4 a 0 5 3 2 \ 13 11 | 34(48.6 %) 4.00
b 1 7 7 8 ‘ 7 6 |36(51.4 %) 4.33
5 a/ 3 5 6 1 10 6 |31(60.8 %) 5.17
b/ 1 é 6 6 0 1 120049.2 %) 3.33
6 al 2 4 5 3 5 9 | 28(53.8 %) 4.67
b! 2 4 8 4 2 4 124(46.2 %) 4.00

Abbreviations : a/, expected sunny place ; b/, expected shaded place.

2T 6 EETIE 53.8 % T, biT361) BEE & ORICEREDTD SN, 7z al & ity 5 1K
M D ORI 4 ERTIZ4. 0BT L T4.3R, &5 ERTIE5.2RBICHUT3.3RZUTH 6K
BCid4. 7RI U T4, 0BT, MRERENC IS TEEERPFED 5117300,

Pl OISR L BRI TR R, D, ¥ OO BOES CBEHREBRPH LT &
B THh B, ¢ OTEL, KIHEETF (1948) B3 F Y« 7 OHF AT DOV TERZ T2, Fo s Vi3
BRSBTS B & BT R & UTc R R & — BT %o

1135, MERCHT BRI OBAE, B4ERTIZ 0%, HE5EHTE9%, TUTH6KRT
1357 % Th->712,

n) 8 & DBEHFK

RFgE Y, ERRU 72 6 EEBROR B 5 A EEBRIC, BBIcET 5 6 Xl (¢) &,

ST AL 20U 6 IR (d) 1Cdsl) AEBBRRERY, CofiE R e TN,

s

DRI b - T

Table 9. Distribution of trapped individuals in sunny day, with special reference to the position

of feeding place.

Number of trapped individuals Captured number
Exp. No. | Environment Total
in the quadrate per quadrate
. c 0 o 4 1 1 1 7(18.9%) 1.17
’ 5 . 1% .
d 5 5 3 9 6 2 30(81.1%) 5.00
5 c 3 2 2 1 5 0 [13(100.0%) 2.17
d 0 0 0 0 0 o | o 0%) 0.00
3 c 0 4 0 0 0 0 4(18.2%) 0.67
d 1 o 1 3 2 11 | 18(81.8%) 3.00

Abbreviations : ¢, a half of the experimental pond, where the feeding place is set ; d, a distal half
of the experimental pond opposite the feeding place.
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BREF: 1, H20L08 3 EBROFEREPD ¢ & dIiTil) 2R HEEs L0 | KEY b OSEHEREA
RDIC EIFE), ¢ & Q1T ARIMEREINL, FI1EBRTII7EE0E, E2ERTEIBEL R,
HEIRBRTH 4R ISR, Fiocitil) AHEENORHERIICET A2H4 18.9%, 100% i8I 0°
18.2% T, Lh DGR BLONE & RS & OO —EREKIZAH INE 0,

FRUIZE 1T, BREFICKIT 2 Fo 2 vOOHR EDEOESICE S FHESN, AUZEER - HEOBRE
BT B (H17KB) TIETXTHET, itﬁé@%%@ﬁ&ééwm( 17 C) Tk, KET
DHIEZ U TOBPBEOBI TeNENEHan s, Lo, RIIEBRENCEBICTEL, K 2T
AN TIREL, FIuoMBICRS C E¥BRkan s,

BXEF B4, BoBIFFoEROERD L, ¢ d el 2EREGs L0011 XEYS b O LEH
HMEH 2RI (B10FE), CORCE D Ec b diTist) 2ERERE, HB4EBRTIIwE 28R, E5%

Table 10. Distribution of trapped individuals in cloudy day, with special reference to the position

of feeding place.

Number of trapped individuals ‘ Captured number
Exp. No. | Environment Total
in the quadrate per quadrate
4 c 3 1t 7 6 7 7 142(60.0 %) 7.00
d 0 2 1 5 13 8 | 28(40.0%) 4.67
5 c 6 6 1 1 6 6 |31(60.8 %) 5.16
d 3 1 6 5 10 0 20039.2 %) 3.33
6 c 5 9 8 4 2 4 132(61.5 %) 5.33
d 2 3 2 4 5 4 20(38.5 %) 3.33

Note : Abbreviationsare same as in Table 9.

BACIE31R & 208, B 6 EETII328 8;20% %D’C IS} B MR OBRERIICTT 2E A1, <
NEN60.0%, 60.8% i5LIK61.5% &I iR, BRI d LD S c it AIHE.
INREXILBUIT B 39 H
PN 19566E 9 BI7HICERU 12, £ DO FERMAPBIH CROTEI 2 EMRICR L CEXTEzrs, L
IRDOFEFRBED L HCERHRAT 5 C &2, ARGMAPNEN I iR, i 6 BEIT L - TR
OFEREE L 57,
FIRIT28) AROREBE, 0 FTATIRERESIOIERFITSIT 5 L9511, EAEEFEZERMAI L,
WA ERICHEOMAIBACE - TR b BECHh I AR ZEKL, Z OB E - IoIBESIL,
5 cm OFFICH 72 » TIRIBMOBFREE L, ZOTEEHsH a0 7Y — MEDBEBHL T, UL
HER (2R TRRUCRERT, BRL TN AKX 0 & MEICHIEL TO A EEROTTBEHTH -
oo TG DEOEBHAMIZ 8SEDMD I B, 7HICINTEARED, OO I EHTREEY T, e
FOBETH L TEMICR 2T E A, BERITENCREDSEDONIZN, ZORZEA-TH, LiZbs L
BEL T 5 &, STTROREBICR » 72, C DX 9 TSRO SRR /5 1A & 3 OGO )5 NG EE S 5 Ei
B2 e DORSHOBFICE A5z (AREH, 1961b),
EELCHBIT B2 H
FEEAERIZBIOBUCARTBY ThH D, COFIKE B E, Fos 73AEDICEEL, BREICST 280
HERBBOBBICT T HE41F, 15 Tide6.6 %, 2FMTIE65.2%, 3HMTIZ78.0% CThd, &
Tl R R D WG R, & R, @@b%ﬁi@@ﬁfm@ﬁ&ﬁmﬁmtt2%% L, €h&€h DR
B s s & 1 HETRMBICEL T LR, 2FibTIsRicdU T4/, €U T3HILTI 8 RICHL
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Fig. 19. Extremely crowded cluster formation in or around the pit of the
rocky bottom of the experimental pond observed in winter, despite of
the fact that the interface between water and mud is leveled.

TORT, AOEERIE, MHOREICI 25 8B 550 b B0, o, LUzl
ICASLT HEBEER (A FIINC) 297, &) RBLOEOES SAROERER EDOBR) el —#HT 5,

C.—EEFBHLECHBITBEZSTH

KB S S EB ST, JlaoKEREMRL THKRNCIST 5, $708 2 ERNIE 1 EROB& CF—
OKEA R AL THAKRITIS 28O TRIREE L 6372,

1R (KL, F0ORE & EMIZMEROEA T, K THRITOBRWIENE Y, F o2 Db & vEHl
SR C—EVEOKEDRFN TN D, KOWMAMNZ AT BEIFE DIRE L ufihh (ZNTH Wi, Welk
%), BIZOKE. RKEHEEEEL T SR, 49@s 21.0°C TEP L, —IE oK IO K
WIOEBEOT BT TalokzE BHEKUIZE OTHIZL, 14.9°C Thb, WAR L /JEIICHEE
T2 4, BETIRKS L ThbH, KEOKER, W ICETHIRE T 20°C DIFTEL, £0fo
I T1320.6~22.5°C, E O DUIHKADD 5 B VICHET 5K TIHEM (BE20K), KEEZEXELE
5E~10cm Th 5H5, DIBLFDIOXE TIIWRSHEEL THZERL, LUt o TERFBEITH L
WRETEETH - 72, TROBIRIEFICE L, MEEZELIAAIZECH, AXEE & 2 mEl EITEL T, IKIZHE
BT, WO IO ERKBICEIE T 8E U 7y = OB 5L, AL T 2 EYOREF R IHEICE
AN,

KENCAEBL TV A AR ORI, AETR Py s vUMMT T+, Fra, #&%, HEETIEY ¥y
NEAEY, NEETEAH A, ZOMH P FOIEDP LB ETH D,

EEAEERIT SOOI R L T2, FRERE SIS Mo, 3R, HHIRHEIE, BERRTH %,
KRR 5 SO A RKE BIX- B VR) jiomEgRius, B I1Re28RE, #1TXK208, &
TXp25R, BVERIRZLTETRPORTH-»T, BIRPLEIXETTREL, ENSITEVK
T, 2% b AOBERIE, EAKODIE L TIEE L, HUKAI L TEinc s, KEOHRE
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Fig. 20. Distribution of the individuals of each size group in a paddy field
observed before a flood.
Notes : The size of the individual is distinguished by the marks, O, @, &,
4 and B, i.e., the open circle indicates the individual shorter than 49 mm
in body length, the circle with plus does that neither shorter than 50 mm
nor longer than 69 mm in body length, the individual neither shorter than
70 mm nor longer than 89 mm in body length is represented by solid circle,
that 90~109 mm is by solid triangle, while the individual belonging to the
size group longer than 110 mm in body length is symbolized by solid square.
The male individual is represented by the small arrow attaching to the upside
of the mark as d=finad above, the mark carrying small plus on it indicates
the female, while such small individual as unable to ascertain the sex is

attached by none of such an appendage.

-SSR AL AR R T 5 &, BEOHPEIE LD LU TS0,

AXEI ST A EMEE 2 EHEEL 50mm LR, 50~69mm, 70~89 mm, 90~109 mm #3 L{f 110mm L) |
D 5 BRI TE0ITRLU 2, ZORM» G, HEH 70 mm PLLEOARER (KA) &, ShllTo/hil
fa GEERAE) HITRBILT, oK X HiEEins oReA~ 5 &, MIZFOBESINE, AL, AT, A
W, BI, BI, CI, CUIUCNOEXET, FIT Wik o OIMAKDOEERZZT Hlp, T2 4L
FAKOEE 22T IDNKINTH b, RICHEOHBESMEIAL, All, AV, BI, BNV, CI, CI,
CHBLEDANOZXRET, LI W b OMAKDEELZ) AXETH 5, 3740 LIFROBES
50, #®35CL, CI, CUBIUDI®4XEII THRE SNIZRIIE T, &40s4% i b,
& ITIROWMABITH A C I OEEIE, 49 mm DI FH4E, 50~69mm 337 BT, &0/
BT D, ISIWAREEIZTINENTXEIZAL, BISIOCN®3XE, F7/NEIROAHPENTIIER
AN, BN, CIBIUDI®4KE, L TNIREABREDPBEEINZETRAL AL BT,
CIxIOCHOSXETH D, C DL IITHAROKEITHIT S Koo w3, KEMITH D & RBIE /N
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T L DS S ICEFHCAER L T ADS, BHIfCA 5 &, mHEVBELEL TCO28BE3H->T, INLOE
BS B OB IHRE T,

BE2RE HEKHEB 1 ZBROEEEH—Th b, EBRADORKBEEIHRUIILIICERT, £OHIT
IROFHEARIZHKBNCTHATEL MU T. $70b HE 1 BRI AHMAEFNL, Wi & Wad 2 #FIC
B EIZIP T, ARBTIZEEET A /KEITMBOXKEED 5 KB EEL 1272, £ OEKY Wi 26 1210 Tid
75T, Mo I F o4 L B U B THEVKEICHRAL, 2R 5 ik We DD T ORI~
RO E > THETUIL (CORMABITE Wy &95), Uil o OMAKERIZEEME D 335U L RT
< DRZFHIZKE D707 3 L ATl BEKIIXE 1 EBTIZ B V ORXEROPERIC 1 20T b - 1203,
ARE T, VEMIO TFOEE 6kBENHT, KBIZ 40~50cm T, 1 BB TIIMERAL T
DI, DIDOKEIZHE2HBET AT LB TETL, KEZ, J5056 ORAKS 16.2°C, Waid 13.8°C,
Ws 13 15.6°C FIzKHORET TN 16°C 2R L, REBTIT HKBFIERD Zac 3T, BAK
Tix 1 ~5°C, KETIZ 1 ~6°CliN, HRERRISE2IFIORUIGED Th 5, HERORBHEIL, sk,
HeteF2, HHITREBH R, SEM3ETH 5,

N\——i—' =

{ : — — ' | N e e : We
PEilsésée | hlhsss ~, (hbbeo
I ;o : I{leeoo( | 13.8
Wi 16.2 —~ | 15.0 , /
__________ 9 S N
I } - Y \‘ | f
—+ ki 1L Exai> \J\
— 16.0
SO SO SO Tt A
t { i
il N Wi
_~~~”,,~__:W-_________:__:\1_#\%,,,!___/~ ______
Biiieé ‘ ' '
v | x | \ \[l
N : \ : ¢]’/ 00
1 [ |
e ‘&——\Z——I _______ \[ T
v ! I t
16.4 | $160K i 15.8
15.9
L | : ] by I ! l ‘ l J
T ¥ ¥ ¥ £Z \4 v
A B o D

Fig. 21. Distribution of the loaches representing each size group in the paddy field
observed during a flocd.

Ncte : Arrows indicates the direction of the current. Marks are the same as those
of Fig. 20.
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Fig. 22. Frequency distribution of body length of loach

trapped in a paddy field.
Note : A, female ; B, male ; C, total.
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Fig. 23. Difference in the habitat preference of loach

ohserved between the individuals of the different
size groups.

Marks are the same as those of Fig. 20.
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