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Harmful Influences of Turbid Water to Fishes
in Lake Biwa and its Surrounding Rivers

Koh-ichi Fujiwara

Various harmful influences of turbidity upon fishes that inhabit in Lake Biwa and its
surrounding rivers were examined. Ayu Plecoglossus altivelis, nigorobuna Carassius
auratus grandoclis and hommoroko Gnathopogon caerulescens that are very important
fishes for this local fishery were selected to the research object. Regarding ayu, the
harmful influences were investigated every its developmental stage especially. By these
experiments, it was confirmed that turbid water hardly affects the influence to the
survival of fish. However, it was proved to affect upon growth or behavior of fishes in
lower turbidity. Also, it was made obvious that the fish that receives harmful influences
of turbid water is ayu in the lowest turbidity. The threshold turbidity that affects
harmful influences upon growth or behavior of ayu was following. The value that makes
larval ayu delay its growth lay down between 8 mg/ @ and 14mg/ 8. The value that makes
juvenile ayu prevent eating attached algae lay down between 13 mg/ 2 and 25mg/ 8. The
value that makes mature ayu prevent spawning lay down between47mg/ 2 and 125mg/ 8 .The
avoidance value from turbid water in juvenile ayu was 22mg/ 8. The value that prevents
the upstream of juvenile ayu was 31 mg/ 2.

The life history of ayu was considered further, and the next proposal was formed from
aforementioned results in order to maintain original high productivity of the fishery in
Lake Biwa and its surrounding area. In the offing and the coast of Lake Biwa, from the
autumn to the spring, it isn't desirable and should maintain lower turbidity that
turbidness more than 14 mg/ 8 continues more than several days. In the coast of Lake
Biwa in the summer, an occurrence of turdidness isn’t desirable more than 22 mg/ 8 within
1 day also. At the mouth of a river that ayu goes up originally, except winter, outflow
of turbid water more than 22 mg/ 2 isn’t desirable within 1 day also. At the lower reaches
of ariver that ayu inhabits originally, except winter, the occurrence of turbid water more
than 31 mg/ # isn’t desirable within 1 day also. In the middle reaches of a river where
ayu inhabits originally, it isn’t desirable that turbid water more than 25 mg/ 8 occurs as
continuing more than 1 day except winter, and it is hoped to maintain lower turbidity.
Turbidity that doesn’t pass 31 mg/ 2 within 1 day is permitted.
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Table 1. Conditions* in the turbid water exposure experiment to ayu

SS pH
Experiment No. Initial After 2¢h After 48h Mean within%4h Meanwithin48h Initial After 24h After 48h
ng/ 8 ng/ 8 ng/ @ ng/ 8 ng/ 8
1%* 5 0 0 3 2 84 85 85
2 253 238 493 250 160 84 83 84
3 441 349 965 400 260 83 82 84
A 4 484 753 1,000 620 750 82 80 83
5 657 583 1,700 620 980 8.1 8.0 83
6 752 1,100 1,560 930 1,140 80 76 82
7 1,310 1,650 2,760 1,480 1910 76 75 71
1%* 1 2 2 2 2 83 85 84
2 1,260 983 1,310 1,120 1,180 83 85 82
3 1,980 1,160 1,780 1,570 1,640 82 8.4 83
B 4 3,080 1,770 2,120 2,430 2,320 82 84 83
5 4,740 2,710 3,520 3,730 3,660 82 84 83
6 6,580 3,620 5,240 5,100 5,150 8.1 84 83
7 9,780 5,400 - 7,590 - 8.0 84 79

* . During the experiments, the water temperature ranged from 19.4 to19.8 degrees Centigrade, and the dissolved oxygen

was saturated in all tanks.
** : Controls.
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Fig. 1. Relationship between turbidity in SS and
mortality of ayu.

Turbidity is indicated as mean values within 24h or
48h. Traingles and circles indicate the mortalities of
larval and juvenile ayu, respectively. Open and solid
symbols correspond to the relations within 24h and 48h,
respectively. The broken lines show the LC 50.
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Fig. 2. Schematic diagram of the rearing apparatus of ayu in turbid water.
Apparatuses of six sets were used. The dense turbid water was not injected into the control thank.

Arrows indicate the flow directions.
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Fig. 3. Fluctuations of the turbidity during the rearing experiment of ayu

in turbid water.

Table 2. Conditions* of rearing experiment of ayu in turbid water

Tank SS DO pH
Range Mean Range Mean Range Mean
ng/ 8 mng/ 0 % %
A** 00-00 0 100 - 100 100 8.0-8.1 8.1
B 65-95 8 99-100 100 79-82 8.1
C 11.0-17.0 14 98 - 100 100 79-82 8.1
D 18.0-50.5 38 97-100 99 79-82 80
E 55.5-1255 102 96 - 100 9 75-82 78

* -

+ The water temperature ranged from 15.6 to 20.4 degrees Centigrade in all tanks during the experiment, and the mean

was 17.8 degrees Centigrade. The conditions were measured seven times with three or five days inteval.

** . Control.

13



R

Table 3. Results of rearing experiment of ayu in turbid water

Tank MeanSS Body weight* Standard body length* Coefficient of fatness* Mortality
Initial Final Initial Final Initial Final
ng/ 0 g g mm - %

A 0.4220.15 (30) 0981069 27) 204£25 (30) 377827 0.67+0.12 (30) 1020.15 21 10
B 042+0.15(30) 0.67+0.37 20) 394£25 (30) 40054 20 067£0.12 (30) 094£0.18 (20) 33**
C 14 042£0.15 (30) 061:028(8** 394125(%0) D744 B 0672012(30) 091£017¢8%** 7%
D 38 042+0.15 (30) 0.66+0.36 (20) 394+25(0) 40953 (20) 067 £0.12 (30) 087£0.19("**  33**
E 102 0421015030 0.70£025 (26) 04125(0) 419:45 (%) 0.67£0.12 (30) 09001326  13**

* ; Mean * standard deviation. Parenthesized numbers represent the numbers of measurement.
Coefficient of fatness = (( body weight / g ) / (standard body weight / mm) * 3 )% 10 " 5.
** : NO significant difference with control was observed at p < 0.05 by %2 — test.
*** ; Significant difference with control was observed at p <0.05 by ¢ — test.

R SEERTOURADORIER L KE% Table
3icTT, HRADREIIAK (HEBK) 223D TY
DETHLA LN, HIZBREDR (FEhEFNEY
SS i3 8 mg/ 0 &38mg/ 8 ) CORFERILIZ% L Eh o
oo L2L.p=0.05 TCA2RELEELZA, i}
AKX (JEEHR10%) L O THALEZINBTE T,
SS D_EAIZHVEERE LR TIERLEDH IR
Aotz

—h AEERKETHOB~DRXOHRADKE,
REARBIVEREOR PHEL ARDADEN
LOREE L DEXDp=0.05 CTHRETD L. BED
ATRMOOHEBIZLERERBD ORI,
LiHL., CK (E#SS14mg/8) DA TIZILTHIF
HRFRIEBWETH-7. L0 SS BE»roDK
LER (FhFh ¥ SS i1338mg/ 2 & 102mg/8) @
AT, RELEEGRIIFEZIZ DA
b0, BRERARICBEWVETHY., —hbo
RicBWTHRABRRIC L W tRADORENHEES
hTWBZ NS hibhi,

*

AERTCIIERMM DD SS OEBE S Smg/ 8 >
5 102 mg/ @ DEEET 4 BREICBRE L e AkWFH T7 =
fFAZ0AMEREFELE. LT, HRBELTH
BRAEDCRBRIZAET L7 2fFRDRFER L 5
RELKKLE, TOER. AEERMESIZZOK
KRBWTHHRADKERALh IR, MHEBX LD
FTHEEZEIZRL, SS LRIV RERR ERTS
bbb o, LkMHoT, ZERTH
TE L7 102 mg/ 8 D SS MN30A MgSRIL, 7 =47
RADEHBOBRERR L XR6RVWEEZLNS, &

14

KRELEARIZI=V <X ZBKTHET LLIBE., BE
22200 mg/ @ TiX9~104 ARY, 553 mg/ 8 TiX28H
WO IRBERA LN T, 5B NIC L ERBET IR
Eix4,250mg/ 8 ThH o7 = L@ EINLTNS,
ZhLDOKEBRERL L LBKOAIZHT 5 HEAMK
FERRM Rz s,

—F. FERIZBVWTREDRE L 254tRAD
HE, FEEAR. IBREICIE, SS#8my/l DK L
HEBROMOHUTHERBEZIIZE DO 2d oz, LA
L. SS #314mg/ 8 A LOR DA TIRABE DA L K
_RTERESFEIZBVMETH -, 2D b,
0AFDOBAREEIToBE. 8mg/0 & 14mg/ 0 &
DOWIC7 2{FADRRZMET 5 REORELEFE
THLRDLbNS, ¥/, REZE2 LSS L#tRAaD
REOHY ORE L OMICIARZBEEIZD N
¥, SERIDERFEOHANTIIRBEZEZ 2BV
R72DRRICH L T—RICHEERLZRLEEE
z2bhd,

FER TIMFABRMKOT 2 38R L 2%, KEF®
TREGILBENHEA L EHEE 3.65~26.3 gD
AN ~RANDT 2 2t L T, 20~80mg/ ¢ DiF
K T0~50A MIDFABTERE 5 » FEizH->Tlio
TWd., ZOBETIE, ERIZE-TE®RIZDHS L
DD, HLDFPA. MECHFERMITHBE (HK
K) DRI TREH20m/ 8 LLEORDATE S
ZLEBHLIICENTWS., ¥, ZhboDamR L
REBITHOBBER D, BAFCIRBYIZCLVE
HRRATHBGIT b, ZOdREIZRENT
TelEhTwns, &bk, ZORETH. EREH
DEHEANTIIR Y ORELBREICB L IETREOK
59 & XM RBEII RV ot ATV S,

UEDERDIG, 72izxt+ 3 i EMEIIC



BAERAB~BLETES

I SEAKRBROKE (ESMERE IREEELVS
¥CeHEHN S5, £ LT, 4B % CIoHE Sl cit,
FFRIMO7= (9 74) BRLERERITPTL £
DORFRER 5 X - NREORIEIX 8ng/ ¢ & 14mg/ £
DORICEETD. SHICREXLRLEBAETH
EHEOREREDLLAAWVWELERTE S,

3 BARLBKF7ILOBBISEIETER

FNZMELET7 ) EOREERTICAHE L
WELARARETD. Z0, BAKBELE LW
NTREDEY BRE L7227 2OBEADOHES
Bmaxhs. £Z T, BEROBEDOKFTT 2ic
AERFELTEMIE, TOVAESEZHRL TRK
B7anF\EMIcBLIETRELBRN L.

MHRBIURE

HBRR KERRBORAIEKELZ.9 A LAICEE
WrOM ELETad7S5AF v IMOMNT 97T
L. 20O®RELIZ. ThoDAEZAMENRY
F 4 FRKHE (¢55em, A& 150 8) 7 {10 >
NEL, HTKEEFEAL CEXETVWRESL 3
HREISIE L%, iRl 2B, Zo0SEHNED
5 HLRYIO 2 X RAEARATAE L 52708,
K1 B LRBFELTRDRP -, HRATE
AR 74.4 £ 0.6 on (EEE + R AERE, Kb RER).
AKE4.2920.2 g ThoTz.

#RBKk TROMEAKL (F 100

B F SN V2R ABOERIC 2K T
DOEBNTT7LRBHAILL, FOIFKICITLIA
NERY BT &2 A NVEEOFEREORERE,
B EXERP e FANEBETHBLTRD, =
hERARL L, BRAEOBEIZIFANVEREL
TR A CEAEPOEERDKEERLTJISETSS
2PELTRDE.

BERBLUSRE

ERPOKE, BFEERR (fafnf) XU pH &
K EbERRL, EENR21.0TC, 100%., 8.4 T
T2l > TCHEYRBRIETCHoT.

HAEORE L RE L ORAKZ Fig. 4 1Z5R7,
SS 213mg/ L LA TR TR 2D I A NMiTfHE LTz
EERTRTEAINE, LAL, 25mg/ 8 K TiX 2
BOT AN ELAHEREOBRMNL2RFEED LN
oo D, 7TaOBMEELIEEZTRED
RRMEIZ13mg/ @ &25mg/ 8 & DMNCFHFET S L Bbh5,
Ihiz, ZOMEZBLTSS 8+ 5 L. SS Oxf
¥iEic e L TREARS LR+ 3HAAA LN,
SS 2% 34Tmg/ 0 TIBAN E > TRbhiz 2>
oo ZHHOREPL, KAKBEIZBNTHZOR
BE2BABABBETIE. FORERFNZY
TaDOH|AEERTREINS.,

., HIETR7T2FREESHBEL5EXTERK
FCORMMAEL.8me/ 0 &14mg/ 8 L DEIZT 2D
REZHAEFETIREOCRELRGFETIZ L 2B DI,

L) (CEROHMTAKEMRZT
+ARBLELOLRAKREE L

®

rr—

HEES KERRBOSTO

i

aFEROEIZ10X 10emD FEHE X
DEANESALA»LM1 A

)

MIRE L. £ORMmICERS. #& 50

REBIULABBEMIESET
g L.

/

WARE =RICYY, #HEA

Remainder ratio (%)

ENELEABEONRCFAL PK

Ll

B~DEKEZIED, BERITRERL
RBELBAKRBEE THDOI L6

iZRmLe, fho 1 HiXEAIRK

o'e

ERmMEFARE L. BARK
DFEMEILKEDOKDER Y SAMR
THRTESRBEORBIUVED
2 f%. 4%, 8%, 166%. 2fF L
L7c. #7KIR#E %0 L T6053#%

1

10 100
Turbidity in SS (mg/))

1000
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show their means at each turbidity.
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UTHD. MNOT24ERICBSLIZTERY ORE
A¥RTD9AT. MY LTa20HEMBIURKED
BRICONT, SESHITRNBLETHS.
—%. WMEH15mg/ 8 LA EDKP Tk, 72Dfg L
254 EERE (BER) OHMARAEINS'® Z &
BHLNATWD, ZDHMR L EROERPL, T2
DEWEEMEZHERF T HICiE. RBRKRK, 15
FINCBWTit, BRIz T SS 2210%me/ 2
ERXTORBBHELS ZERBELLLRVWENZ LS,

4 BRLBT7LOBEECEKLEZTES: RY
ISk HEMITRIAN

TaADERBITRONDMNNICEMARNREE LI
A TOBRYBRA LR >TT OEFRITHIME

Constant macro flow pump

B

Eh, T2RADHFEEILRBERBLET Z LR
SEND. EZTT2OERTHICSIIETEAD
RETRE L.

HBBXIUHE

SRR KEXRRBORAIEKEZ 6 AT RICEE
Mo ELET227532F v 2MONF v 7T
HEL. Zh2AMBEREEC=— Rk (F
£1,000 8) iKRZEL., REHRA/FS L5 %2 THh
ThEHRLL2BXOCBARARTCHAELE. M3 ¥ A
®icik, ZOFEHOPILENMEZESERTS L
1 RT— YOI 2 HTHEIRE % OM & Rk
THRABLAEZD, “hoZ2FDYAMMR L,
PtRRK BRI TR DM AR L IcE R OM
TAREMATHRICHER L TR L&, gtR@AkiT
ZOBKFHEEH/RAK (BAKRBEORMZAVWED
D & FE—KIRDHETK) % Fig. 5 =3 HE %2 A
THREALTHRHEL, RIS L TEAKN
(200 0 MM BAR) ALK, FREhDK
W ~DEAK IR DOFHRIL10, 20, 4033 S U'80me/min.
HREOEARIZ 540,530 36 L UF 470 m8/minTdh -
oo LEe#ioT, HRABAOEARIITIY OXAE~L
550 m¢/min T - 7=, 3 BEK ~IZ 8K Rk % iy
¥, 550 mé/min OWE CHRAKDAZHEALE, £
R OBREIILRMAR & T R it R iBAD—i8

Constant micro flow pump

well watersulpply’__ @ . ||| - @:l

Mixer
| Motor
A4 l Drainage
— = 200 /holding < 1|
cylindrical tank ~ =
\ & -b' )’ = < I I Y
25 T gl l
Water current o251 —L2e g
pimp

Stirrer

Dense turbid water

Diluent well water

Fig. 5- Schematic diagram of the apparatus used for the spawning experiment of ayu in turbid water.
Water in the cylindrical tank was circulated by the water current pump. Stones ranging from 10 to 20 mm
in diameters were put on the bottom of the tank as a spawning bed for ayu. Apparatuses of five sets were
used. The dense turbid water was not injected into the control tank. Arrows indicate the flow directions.
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BAERAR~BLETER

FHEIRL. JISETSS 2RELTRDE,
ERR®R #£k# (Fig.5) OEKICEZEI0~20mD
MAEES10mBE IR L TEMRKE L, ZD
FATFOHRBRBAEZZHBTA GHEBR) #EAL
oo Ric=e /Xy MR 7E2AVWT, KiGEIZHR-
TREESI 275 L Hickitd BES Y. 20H%.
A1l - 0ICEERAKE~ERAALHIE HTE
THORAEL, BRAROT. #dhicRko7c, ¥AD
‘PRI 8 : 30 2REMY LY. EIKR~DIRDFHH
DEEELW|~I=,

BRBELUSKE

ERDPDKIEIXI.0~20.0CTholk,

KRPOBE L EINDH S Table 4 iZ7R”T, &
FRIT B (SS1~2mg/0 . FiH1mg/0) & SS A
34~59mg/ 0 (Fi947mg/ 0 ) DBWAFTCH LN, L
AL, SS 2895~ 156 mg/ 0 (F¥y125mg/08) LA ED
BARPTIIALNR ST,

BRI ZNE LT <CHIREEDRATDH
Y, ¥R TRUBRPHTRBATH- 2, =
D, EIER, Kt D Wi KESEDOFTERE 2
., YOMALEIRTEIRBIZHo. £, E
BRicA X CIRESRA LN, Lo T, 4E
DERRGIIBAOFELRTET 2 OERIZIT+
Db DOTHY, FHSS 42 125mg/ 8 LA LDOKAET
ERBAR LN fDiX, BYICX VENNBEE
ShigERehdtELLNRS,

BAREPOBRELMD I, ERBALAEF L KT R
(2SS 2H0%E L. EBRANIZIT, AERIZIHRBAZ
HRAMN L TKE~EGEATIOT, ZD2ED
REMIIFR CAENTCRIZFE—KTHEA5 £
Tv iz, LA L, EBBICiZ Tabled izR L LY,
FREMIIKE RV DOD—FKIZ L do

feo T, T2OERTEEMET SBEOH
fE2m5 5 A THER, ERBfTRebDIES T2
FETOREL2MDZLIZTERNLZ. #Z T,
T 2 DORESRRFOBBE IS, KIRBALAFF & THRED SS D
IETREETHZ L L5, ZORLHETERT &,
T2 DESRTEIZEF T SRMEORMIEIX. 47mg/ 2 >
& 125 mg/ @ DENTFET S,

7 a2IDZTRHPREICB LIETR Y ORBITEIC
B Eh TR Y, FITHEE 300 mg/ 8 THERICTT
bh, 7. 300 mg/ 0 ¥ COWKIZT IRDFFEH
KLHELWEREZBIIFERWZ LRHALIIZEN
T3, EHIZ, TOERTHRE L 2B H80me/ 8 D
BRKOKPTH, 7T2IRORAEIDIFHICED = & 28
ALPENRTND, ZDEHIC. WYIZT 20
FRITEHIZLE R, 72RO REICIIEREB X
ELIZS W, LERST, ToOFELEL#RETS
HZTIE, BOIKKLVTa2DENEAELRNZ &
BEETHD. KEROBERILEZD L, 7R
ERTIF)IDOBEIL, TOEFRZEFTIERNE
WO S 125me/ 0 22 D5 DITR 12K . 4Tng/ 8
UTIRE DBz eREELNnENLZ LS,

5 710RKEEREDHETE EBEBAKN
D7 1ORK | —FHR—AKBERML={TRIE
B

FEPOPRIZPITTEL DT 2 BEEBMH HH)I
~M LT3, oMz, EESORDTIIAED
RExiT7bh. TORBERFICRETIRKICL
SIIRPEENRREOFERNR LI LHEBERIATY
5. LT, ZDOBREREA L R -7 7 2 DHERM
FHOW)IIM EEEIHMARIATWS, £2 T,
—FoHK, L bRAKER L L ER—KE
ZAWT, T2ORKBEZOWNTRN L, £k,

Table 4. Results of spawning experiment of ayu® in turbid water

Tank Turbidity in SS Spawning
Initial Final Mean
mg/ ¢ mg/ ¢ mg/ 8

1 1 2 1 observed
2 4 59 47 observed
3 95 156 125 unobserved
4 222 188 205 unobserved
5 274 258 2n unobserved

* ; Three mature females and seven mature males were introduced into each tank.
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FAKEZHAVWT, REBEXBIZAHOTE L LTHHA
Eh, KE»bOHEKE &b IZMIIK~DBARTF
BENBIEEZ2EEMLKIZHT DT 2ORISIZD
WTHLEETHRN L.

MBBEUEE

#ER KERRBERAIKELZ S5 A LQPLEF
AP CEEBHILLBELET22ERYACT
FRF MO S THE L, ZhEHTA
(JIS B:C SS IXARRRM) £ 3 L 72K TR S
BLicobtR L, R LK 2,000 BOT 20
EEAERIISO~T2mOEmHEIZH o7,
HERAK HEEEFDBBELATOARBEIOEREL
EREBEL, BEELEOL200 2y a3
2EAIETHRRTFE2HTARICEHENL THAR
AERK L, StRBAKDOBEEIX10, 20, 40, 100,
BLU200mg/ 2 Thote (238, AERIZBWTIL,
BWEIXJIS 30 SS Tid/a<. SS BARRHOM T A
18izfFmLE LR FORER
THT). ., KHOREERHZTIE
& LB S B IR < 2 dp 0D
Bz 18 (Jipki: Table5 D & &0)
ZFHFAIZED L CIESHREED 1mg/0

1

(A.B.C.D) 2625 .0AkE(AEGIC1/ET
DR IZIEERA L BAEEDE. ZhbDkE:
k¥ 7(B) CABOLFIZERE U7 KEHAEWN
(C. EAIC 1ToRE) (if. KFkiz4—
HA—7uv— (b) S¥HTKEE—BIZEDL., WKKE
~DEAK (C) OE% & bHic 2,740ml/min 2 &
fe. EHDOKE (H, G) 98Kk (1) LM
ik, ESXCHEBRECL VBRBATTERZS— b
(E. 5mmE D£8R &iik. £, AKEDLE#
FTHICIIBELT722BNT 5D, K (J)
Z1IEFORMLIE. ERFIIZNLEICESRD,
TR DIE PR 1320 W AT #—ARRE L 72,
HAKREDEKEENOHEA L Hiokiz, Fig. 77w+ 70—
FEBLTRIELE. ¥, HKEAOERK L X
BADORAREX, HKE (G) ~KEHERKE
Y—R (30mg/8) %ML . AKBBNE LD OEmURK
L TR&aHR% 540 nm O ECHEER L THR~T.
MERBR —HR—KEDO/F/—Db (Fig.6. E) %
MO RIET, HKE (G) ~idERAE, EXE

OEETE LTz, & 51240mg/ § DEWK

{Z RIS B A% 10me/ @ 1272 B X H1iZ
i U CREEHE A £ 3B L 7z, LA
TF. Zh 5 DEBACIEEHRNK % R
KEwns, wEAKIZIZ EIROHMTAD
HEHIE, EBRPOKIEITERK L
K LD TEIIRL . LEREE
LT18.8~19.6 CTh-oTz.

£ B FERICAWESER—K
¥ % Fig. 6 (TR ¥. ZOERIZER
TZHIC o Lo kEB#H2 (G, H.

Lateral view

1) LEDKB~KEEATSHS G [ J] £
c% I -— P
"—,=7
Table 5. Constituents of the fertilizer* === . ___ 18
used in this study T 500mm
Element Content Plane view
%
. . Fig. 6. Schematic diagram of alternative water channels.

Ammoniac nitrogen 140 A, water storage tank (500 € holding FRP tank ); B, water lift pump ;
Soluble phoshate 14.0 C, water head regulator ; D, water injector ; E, gate ( 5 mm meshes,
i electrically-driven with a remote operation. ) ; F, rectifier ; G, right
( Water - soluble One)  (11.5) channel ; H, left channel, I, central channel ; J, collection tank for swam
Water - soluble potassium 14.0 up fish ; K, fluorescent lamp (20 W ) ; a, air supply ; b, overflow ; ¢,

* *Kumiai Enkarin-an Ichigo ¥ made by
Central Glass Inc..

18

flooding ; d, drain. A - D and J were set up in pairs, one hand was for
the test water, and another for the control water. Arrows indicate flow
directions. For description see the text.
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Fig. 7. Two kind of floats used to measure the direction
and the velocity of water flows in the alternative

water channels.

A, for the right or left channel ; B, for the central
channel ; a, floating polystyrol : b, plastic vane.

~EHRBAKEH L. HBERTIRE, AR~
BAZWLL. Kic, PRKE (1) OF—FXY
FHAA~7T 2 220BNAEL., 107ERELE. £D
%, ERBETS 2MS— bE2EAT, Ta22BWES
i, Kich, ERREABRESEL., ThoKE
OEBTHICHT A (J) ~ELAAKET 2D
E¥EHEL T, KALLEKBE~OT 20O LR
FREMHLE.
HABENELERS (R)

HAB~OT2ONLERK (%) = x 100
ELWABEEELERK (R)

ks, —EHR LICAIIFEERLRPoT.

s R

KEADAKOEE KEEDKDHR & §i#E % Fig.8
ioRt. £, ARAREHRTFLEAKDEL X, R
KEORBIZBR > TEDEEDFR~HTFLE. L
AL, fRkEoPLE Y EHAI T, ZEOET
BLE—MOXTAORHNBREI NI, Z ORI
RERL2->T.Fig9 DRy YV—ROJFHEHTRT L
51z, BRABOHLEY L T TEKKLE
AKEBEPOOWTAORESRBHOLNEZ. LArL, £
NODOWTFAR, PRABROPLE Y _EFHERTIER
EL2TRRHIXNMLTEY, kil (B, AKEO
Ho) BHTRIBZIFELIIMEL T,

100 mm/s

Fig. 8. Directions and velocities of flows in the alternative water channels.
Measurements were carried out with the state that the gate ( see Fig. 6, E ) was opened. Starting point of each
arrow indicates a measure point. A direction and velocity of each stream are shown with a shape of vector by an

arrow,

66 70 73 65
v 44 41 50 52
¢ 35 32 34 36

63 57 73
49 42 38 40
31 33 25

g7100

100 100 100 100 100 100 100 100

29 o

0 0 0 0 0 0 0 o

A

v

! 55 57 45

59 62 74 70
53 40 52 49 57 7 57
H 43 51 36 25 27 32

72 96 100 100 100 100 100 100
53 |
340 0 0 0 0 0 0 0 o

100 100

B

Fig. 9. The distribution of water soluble dye, Ponceau R, in the alternative water channels.
The dye solution that concentration has been indicated with * 100 ” was run from a higher edge of the right
channel. Each figure in every channel indicates relative concentration of the dye. A and B show a distribution of
the dye solution of the case that the gate has been closed and has been opened respectively.
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KEADT7 1ORE M EERRICPRAKEBICAN
7 =2ix, F— FEBT S & EOKBRO LR E
TWo<K D ELBEL, ZZT—BBLELTHRLAK
BELRAKBEZ—KICHLES LS REAKEOH
AfHETY oK Y ERET HITHRBREEh, =
RAKBHOE, AMhPOKEE—RICHMETSH
DIxH LN oT.

T2V TR & AFAKBE~RALZHLEH
ESERE30EITT > R Fig. 10 (7T LB AKX

[ ]

BE~OMEROE X |} F5 AL, 50.0 % EERRE
L ERROBMERE E—2 L LAERS LR
Ui, %7, AKE~OWEROTZEIEL 50.1 %,
ZOBBREL8.62%Thor,
AABADBLR ABE~FEA, HABE~ER
K (F5v 77 R FRBNTIRAEA) £ L 7S
B, hRABICE LT 2ty — F 2RI B LA
KBS & o iR 2 KBS~k % BARE LT, oA BE~I
# LA 20RICHT BFAK &M E LT 20BKD
EAR (2818R) ¥EBRA

30

#iz Table 6273, 75V
TR MCiL. ¥ ERIT71.0
+13.1 % (F¥) + ERFEE)

25 |

Relative frequency (%)
N

255-325 325-395 395-465 46.5-535

Fig. 10. Relative frequency distribution of rates of fish swam up the right channel

at blank-tests.
Mean, 50.1 %, S.D,8.62 % ; N., 30.

LEETHoT, Eie, HK
B~KBAKEHLIBETL,
28 EROTEHEIZERAKD

BEED LF-RNEB DT
VWETTSEmERS .1 4

53.5-60.5
Rate of fish swam up the right channel (%)

PRWTTFIVIFRAMNLED
MCHEEREIIBD bhisdo
e (tBE. p<0.05), &
128 L RAE D o e DITIRWEE
100 mg/ @ DB/ 23 L 12184
Tholes, TORETLL
M EROIZEHEIL 58.0 % T
PR OBRABEEL TV,
KM~ OHA LR EBK L
LCEAZH LB EOBE
& EDBAKA~DEER A DM
LR LOBRE Fig. 11 1577,
ZhHoOMIzix, BEEDOXK

67.5-74.5

60.5-67.5

Table 6. Rates of fish swam up both the right and left channels fEIZ B L CTRARI~DHtE
D H 2
Turbidity in the Additive to the __ Rate of fish swam up the both channels g bf}tﬁﬂ %fi;ggi
right channel right channel Mean + S.D.(N) mg/ 8 . ﬁ*;ﬂﬂ ~DEERADH
mg/ @ mb/ 8 % EROFBEEZ Y% EBL &,
0 - 70 +  131(30) N=5,r=-0.98%07
10 - 60 +  221(10) Y= 66.92 —18.03 log )((D
20 - &5 11900 L5 ERASEH S hit,
40 - 635 + 189 (10) ¥, FREBICEORKA
100 - 580 + 167 (10** (EKEE) ~DW RO
HET72FTAMCBITD
200 - 5 + 12.1 (10
7. a0 FAKE~ DB _ERDOTHED
0 Lo* %0 16500 2Ep=0.05TtRELAL
40 1.0* 69.3 * 172 (7 Z A, 40mg/ 8 LA LDOREETH

* Fertilizer shown in Table &.

** Significantly lower than the control mean ( p <0.05, £test)
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MBS BEEKE no. MARRD B
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Upstream ratio to the right channel

10§
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Turbidity in SS in the right channel (mg/#)

Fig. 11. Relationship between turbidity in the right channel and rate

of fish swam up that channel.

Solid circles indcate measured values, and open circles show their
means at each turbidity. Yhe mean rate ( Y % ) is related to the
turbidity (X mg/ £ ) as followos: Y = 6692 - 18.03 log X, r = - 0.9890.

& 20mg/ 0 DEWAKEMW LB A TERRETIIRD L
Wb ole, LERST, ZOERIZBITSEHRA
DEKSBERME I, BEE20mg/ ¢ & 40mg/ 8 & DOMICTF
ETHZLizied.

Kiz, TOREZEET S, BKEHLEZEEZD
EAR (HXKEE) ~DHRADHERETF 7T
2 MzBIT B EKBE~DHRADHE EROFHKITE
— TRV eV zen(i—k Ly MRE.p = 0.6769).
LER-T, BHREOCRKEZH L L X DOEAMN
(HAKE) ~DftRADOHLERLTF 7T R BC
B3 AKB~DEBRADHERLESBTHD L
RETED. TZT. BHREOCHRKEMLL L &
DREEKZE n.. BEERBEAEKESEAL TFIT A

70

' Syl &, p=0.05 CiRRRXHER
{60 03D, 28, Si?ikp =0.05 TSv2L A
BEXZOR2VWERXETHS.
; >0 F D1 (0,052) =83/s}
1
ZZ T, m=10, nv=30, Su»*=8.62
130 THHIDOT. RO b S =13.87 #ik%E
3 3. RISHEREORKEZHLILED
{20 BB ~DERA DN L ROELRFHHE
2%, 752 F R MBS BHEKEA~
{10 OERADY LROBALEZEZ XL 3
; 0 & HEAE D = 0.05 TIEKRKBRY

300 M2

tne+ne— 2 (0.05) =
;‘b_It

m=1) S+ 1) S¢
n+ne— 2

l e

Z 2. ne=10, nb=30, Sp>= 8.62, S:*= 13.87,
Xb=50.06 THHDT . RO» b x:=42.61 #R¥E
5. LizHoT, BAH~DHRMOM ERIRDR2
Kb 4261%LVGETITDIETHEDORKE
FRICSHLZLAMTES, 6. ZOKEL
ADDOYIZRALTX., T4bb, 720K EE
MEREARDHD L 22.39meg/ 0 =22mg/ 8 L 725,
EXABABHRERL-BAOALE BE KA2d
WEINBSE 15 2BML TN L -ERAEH
oM EEROMREL Table 7i2RY. 7377 R
bz 5 EKB~DOHtRADH LR 50.1 £ 8.6%

(LB EZE. LTRER) LUHBTS L. AXK
B~ 1 mg/ @ DIEBHEMAZH L 2BAITIE, £DK

Table. 7. Rates of fish swam up the right channel where turbid water and/or fertilizer-solution was run

Experiment Turbidity Concentration of fertilizer  Rate of fish swam up the right channel
in the right channel in the right channel Mean + SD. (N)
mg/ & mg/ & %
A 0 0 50.1 * 86 (30)
B 0 1 385 + 120 (10)*
C 40 0 396 * 112 (10)*
D 40 10 14.2 * 69 (7))
* Significantly lower than the mean in Ex. A (p < 0.0], /- test ).
** Significantly lower than the mean in Ex. A (p < 0.001, /- test )
*** Significantly lower than the mean in Ex. C ( p < 0.001, ¢- test ).
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B~DOPERITI8.5 12.0%LEFTCETL(LR
E. L TFTRREICLS.p <0.01), FEEHZHTD
7aDZEBBD N, i, HKE~4O0ng/ 2 D
BROAEWLIEBEICL, EOKE~DOUMRAD
M ERIZTI.6211.2%¢L2DTF 77X MK
RTEBIET (p<0.01) L&k, Zo®KIZE
5i210mg/ @ DFAESZFM L BAICE, TOME
$i314.2 £ 6.9%I2E THELIAAR, T2DERKIZ
T H—BHENBHELBH LN (p <0.001),

* W

ERLERRTZOBRN AERTIZ, —AOKKE(E
K&, HKE) BTFHT—AOKE (PRAEE) i
AT YROAK»L25%E (Fig.6) A
T, EABHIPORBAK, LKL LRAKEDERK
2 LIEE. hhAKB~NELET 2BELMN
DOABEEZRBR L THET I 2. 8 LRI
T H2AKE~OH LEZKORSGXEMTH LIz
0. TaREOERAEEHTIBELZRN L,
DX S REBE RV EZBTHERTIT. X
RABERDKBEOKLZBERLZS 2T, DR
RTED L 5T, PRAETIIMTAKEDDDOHAK
BRAMLTWILERHD, £ZT. 7u— bRk
EHEOARLEL CTKEBROKOHFRZWLE Z
A, FRABEOPLEBERBKICLTRELERHEK
(Fig.8) D=, PRABRDOTHEBTIZE. HK
B oDMAKDEASEREINE (Fig.9). LA
L. PRABOLMBIEYENOHMAKBIMEL
. AFAKBOHOWMS T eh HKEP S DA
KiziziFeLlc oM LTV (Fig. 9). 7., £B
P EEREZIToREZA, PRABIZINAEL M
RAR—RIcE, HREEZHLTHZLid2<. @
AKBOHOMMET—BELL. il DOKEEERBIR
THITEIER L -7, ZOkdD, AEBFXAV-EL
ERTIZ, SfRAIITRIDOKEOKEBIRLES
2 CHERBE LT bDEBDNS,

¥, ZODXOREBETRE. HFEAE~FLK
2 LABE. #RARMThOAB~bLRLHRT
MELR2ThER LR, £2 T, FAKE~»Ek
(HTFK) 2WLIeTF 27T A ME0ET-T2E
Z A AKEA~OM - ROFEHHEIX 50.1 % TH-7.
¥R FOERMSTAIZ50.0%2BRRELTS
OB EREZ Y — 7 ¢ LEERASHEELE.
IOk, KERTIIE, A, TKE~FELKEZHK
L7@aicid, fiRAREKE L LR MR THE L
THLHMTE, BIZ—FHOKRE (FERTIIAK
B)~EELEERKEARRY THoTEV LS,

22

[ 1

EHiz. BEEREPITOHICYEY, ERKDOBE
DOLERESIZEVWE, AMAKB~OLM RS
RV TID0THNRIE, 28 ERMICHT S ERK
fl~DOM EREOBE ZRARTAREROFME LT
i3, fRADKRAKDSEIZE L T+ 2 HMAET
vy, LL, Table6izRL sy, 152
Wi O%tOM EERIZBVTH 28 LROE
BEIRTS 77 APDTI.0% EERRL, BVME
Tholk, £, HBRLZZERTED b BB 100 mg/ 0
OBWAKETLIEERT L, £ DML 58.0 % THEMEIZ
BEVWETRR»-o, ZOkD, KEROSLMAHH
TRERKOBEDBRELRL D 5 A TN DOER
KBWTHLHARBROMKRADY LB Ho LB
zbh3,

UEDORRDIG, AERTHWEER L HERT
ADNERKOBELRN TS5 2 THEYITH-T &
HrEnd.

RMAKOER BKIZHNT D T7T2OBETHICONT
BN LELDE LT/ - 83 LARTOPELD
3, MUBIX50, 245, 750 mg/ 8 DWKDV LD L
KEEZR—DEBRKBIZHKL T, Ta2@RE¥LLDOK
OEAQMEIZE Y ELP2BREL., 723 fho
BAKLSELEKEBEFTIZLEZHLIILTY
5, ¥, KHIR LK C i LYRO—H
R—KkEO—FizktL, r4VotrE3zv4y
TR L %¥me/ 0 ~310ng/ 2 DBAZHEL 5=
WAZH L Clomg/8 ##E 2 D & 7RV hD&EAK
L@ L, B~ ERBETFTTEZLE2HS
PCLTWB., KRETIE, AEBAVWEZELOEE
SlLe—FR—AKBERAVW S LITSHERIZL Y,
T 2 BWK %2 BT SR EOREII22me/ 2 THD Z
CEREELE. ZORRIEOBOBERELZIE—
ETH5LD0THY, EREFIZLSTBRAGHER
I & 37 2DRKDZERE DR I:20me/ 8 H1HL I
BETAZLRIMPTHD. . AERTIE.
DREZB L cBAKE—FOKEIPOHT L. RE
DF A B L TRAB~DOER A DB ERIE
THa3EmsBH 6N (Fig. 11). BB D K{Ei-
WHLTT 2ORMAKSHBOBERREDZ L85
Bbhie, LEB->T, KAKKIZEBWTHD2L
ELbEMToHicaEL, —hHHlk, hdb
WABET TS & 5 REIEBOF)ITid, BE22mg/
QEBADKBMET T2 L7 2i3BARMESEEL .,
SHIZBMERLERT S LBRANEZRIRGIZHETD
HRBREZILDOLEDND, £k, KAKKRTIE
ZOREZEAREOKARET 2IBHETEHLED
Ex60, BABOPIZEZDL 5 2 BARBEEL
H/E. TOBARF~OT 2ORARKIZEYT
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—



BABERAR~NBSLETES

HLBbhd, &6z, TOREORELZBATZER
KBOESDFMPCEBRAENEZBAIZL, £
DBAKB T 2OMNBEIZH L THODEEELRD.
BRI TIRBED LRIZEVNKE 2 ERAEF
SRBBZELIATFREINE. ZoREtizONT
ITRETITS.
BEHEMAKOSR KEHOKBEEFRFIZBHGENDIE
Bt (< HZHWENBE 151 % 1 mg/ 0 DWBETEHM
LK LTH 72038V giiBH o, &
o, ®BAKIZZOIBEZHRMT S L. BADAR LR
L7BA L0 b—EmnaltimeR S/ (Table
7). ZOEREHIARIE Bz /AR 100 ¥4z v 2 kgt
BHEhd. EOROKIELXSmEHETIE, &
SN IERBEDOKIZLTER L BEIZIIAP
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Fig. 12. Schematic diagram of Lake Biwa - inflow river model.
A. water head regulator ; B, dense turbid ; C, motor with a sirrer ; D, constant micro flow pump ; E, mixer ;
F, model of a inflow river ; G, model of Lake Biwa ; H, collection tank of swam up fishu ; I, fluorescent lamps
(40 W together ); a, well supply ; b, overflow ; c, well water injuection ; d, dense turbid water supply ; e, drain ;
f, drainage mouths with strainer. Big arrows indicate the flow directions. For description see the text.
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Turbidity in SS in the model river (mg//)
Fig. 13. Relationship between turbidity in the model river and rate of fish swam

The slant line indicates the regression line of solid circles. This line is shown
as follows : Y = 87.27 — 36.42 log X, r = 0.8004.
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Fig. 14. Change of relative upstream ratio of ayu accompanied
with a rise of turbidity of a river.

Upstream ratio, in case that turbidity in Fig. 13 is under 24.6

ng/ 8 isindicated as arelative upstream ratio 100 % in this figure.
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Turbidity in SS in the model lake (mg/D)

Fig. 15. Relationship between turbidity in the model lake and rate of fish swam
up the model river.
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Fig. 16. Schematic diagram of tanks used for the turbid water exposure experiment to nigorobuna and

hommoroko.

In each thank. nigorobuna and hommoroko were accommodated by eleven each and water as a degree
of turbidity differs was poured into by one hundred liters each.

Table 8. Results* of the turbid water exposure experiment to nigorobuna and hommoroko

. SS pH Mortality of nigorobuma® Mortality of bommoroko**
No. Initial Afterh Afterdgh Mesyitin Mem¥ihin ynivia) After%4h After48h After2dh After48h After24h After 46h
mg/@ mg/¢ mg/l mg/8 mg/l % % % %

1 0 5 0 3 2 832 840 840 O 0 0 0

2 25500 14600 12500 21,000 18000 797 781 78 0 0 0 0

3 34800 22600 16500 29000 25000 769 763 769 0 0 0 0

4 45700 21600 14400 34000 27,000 753 749 749 0 0 0 0

5 68000 28500 21200 48000 39000 730 722 721 0 0 0 0

* . During the experiments, the water temperature ranged from 19.8 to 20.4 degrees Centigrade, and the dissolved

oxygen was saturated in all tanks.

** . Eleven nigorobuna and eleven hommoroko were accommodated to each tank.

*** . Control.
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Fig. 17. Schematic diagram of the rearing apparatus of nigorobuna and hommoroko in the turbid water.
Arrows indicate the flow directions. For decription see the text.
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Fig. 18. Seveal conditions on rearing experiments of nigorobuna and hommoroko.

Fish of both species was reared in tubid water of various concentration. A portion of its fish was reared
continuously in clean water. In each tank, a mean and a standard deviation of SS measured 9 times in
an experimental period of turbid water expose were following.

Tank C; 28 + 13 mg/#
Tank L; 474 + 106 mg/ ¢
Tank H ; 3909 + 164.7 mg/ £
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Fig. 19. Growth and mortality of nigorobuna in rearing experiments.
The fish was reared in water of various turbidity for thirty days. A portion of its fish was reared
continuously in clear water for more fifteen days. An asterisk, * , indicates significant difference with
the mean in Tank C at p < 0.05 by t - test. Vertical bar indicates standard error of the mean.
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Fig. 20. Growth and mortality of hommoroko in rearing experiments.
The fish was reared in water of various turbidity for thirty days. A portion of its fish was reared
continuously in clear water for more fifteen days. Asterisks, * and **, indicate significant differences
with themeans in Tank C at p < 0.05 and p < 0.005 by t - tests,respectively. Vertical bar indicates standard

error of the mean.
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Table 9. Minimum turbidity to affect harmful influences to the important fishes that inhabit in Lake biwa and
surrounding rivers

Conditions to receive a harmful influence of turbid water

Species Tﬂ Iﬁ:r(zn?fﬂa It:rfllm;e* m:m;m Area Season Period
influence experiment
Lower  Middle
0“??“ & t Fnttf:u e TS Gog Some Awm Wil gr 1day 2day oy
Lake Biwa Lake Biwa  river e river days
mg/ 8

Ayu Larva Occurrence of a death 1,480< 24h O O @] O O O
Ayu Lava Ocourreeofadeath 750 48h O O ®) O O O
Ayu larva Delayofagowth 14 30d O @) O @) O O
Ayu Juvenile Occurrence of a death 2420 24h O O O O O O O @) O O
Ayu Juvenile Occurrence of a death 2320 48h O O O O O O O O O
Ayu Juvenile Preventionofeating 25  15m O O O O O (@) O
Ayu Juvenile Prevention of upstream  31.4  2h O O O O O O O O O
Ayu Juvenile  Avoidance 2239 S5m O O O O O ) O O O
Ayu  Adult Preventionof spawming 125 ~ 21h O O O O O O O O
Negombana - Juvenile Occurrence of a death 48000<  24h O O O O O O
Ngombmna  Juvenile Occurrence of a death 0,00 48h @] O O O O
Ngombuna  Juvenile Delay of a growth 360 30d O O O O
Hommonko Juvenile Occurrence of a death 48000< 24h O O O O O O O
Hommooko Juvenile Occurrence of a death 9,000< 48h O O O O O O
Hommoko Juvenile Occurrence of a death 360< 30d O @) O ©) ®)

* ;. Minimum turbidity about giving a harmful influence confirmed.
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Fig. 21. Comparison of the minimum turbidity to affect harmful influences to the important fish that inhabit
in Lake Biwa and surrounding rivers.
White square pillars indicate the minimum turbidity that harmful influences were confirmed in this
research. Consequently, it is feared that equivalent influences occur even lower turbidity. Dark square
pillars show thresholds of turbidity to affect harmful influences.
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Turbidity (oa”7)

Fig. 22. Comparison of the minimum turbidity to affect harmful influences to the important fish ; comparison
of the turbidity to have distinguished areas and periods.
Refer to Fig. 21 explanations, concerning darkness of swuare pillars.

Turvidity (g )

Turbid/ty ‘mg/1)

Fig. 23. Comparison of the minimum turbidity to affect harmful influences to the important fish ;
comparision of the turbidity to have distinguished areas and seasons.
Refer to Fig. 21 explanations, concerning darkness of square pillars.
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