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Evaluation of water environment in river by the ecological co-inhabitance index

(ECI) based on the ecological information on benthic fauna
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Chihiro YOSHIMURA*, Kensuke FUKUSHI*, Yukihiro KUMAGAY*,
Teruyuki UMITA**, Tatsuo OMURA*

ABSTRACT ; The preservation of water quality and environment is increasingly important among the industrialized
society. Effluent discharge standards employed by the Bureau of Environmental, Japanese Federal Government have
prevented rivers, lakes, and oceans from the pollution by human activities. The number of novel man-made hazardous
substances produced by industries is increasing according to the year, resulted in conventional discharge standards
ineffective to preserve natural ecological environment. A novel monitoring parameters to detect unknown pollutant
sensitively are need to be investigated.

In this study, a novel parameter, ecological co-inhabitance index (ECI), was proposed 1n order to evaluate the
water quality for creatures that were actually living the environment. This parameter utilized the population change of
benthic organisms. Benthic animals 1n rivers are known to be sensitive for environmental change, and was selected as
test organisms for this study.

Four typical rivers with different characteristics were selected to apply to ECI. These rivers receive different kinds
of pollution streams. The results indicated that ECI estimated the pollution correctly that enable to reflect changes of
pollutants, seasonal environment, and physical conditions
KEY WORDS ; water environment, river , benthic fauna, ECI, evaluation
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ECI:%(C-S+S-F+F~E+E-C) (5)

Table 1. Four attributes and ECL
Attribute Common of resource Ecosystem function Stzlé;l;;”stoe fmthe otlx\i;gdaeflovfet}ig:;tst?m
Score C F S E
Intensity of co- P f th F t d
Sense Shiglstlaﬁgz acr?d s;setiex!tr\v;ftf?\\fmeri Nornt\al ranigtta of adgsr::lr;elﬁ?oafrlhe
competition cyde water quality environment of a habitat

Efficient of resource use Preservation of species

Number of stages of Volume of breath
a food chain Degree to chmax in a crowd

ECI ECI = (C $+S F+F E+E C)/2

Value of attribute Duversity of species
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Table 2. Rivers applied to the evaluation of ecological co-inhabitance

Ruver Tsunaki-gawa Mirumae-gawa Oh-kawa Watarase-gawa
(Region) (Miyagy) (Iwate) (Iwate) (Tochigy, Gunma)

Type of main discharge Sewage Sewage Agnculture Mine

{(Method of disinfection) {Ozone) (Chlonne)}
Form of inflow Pomnt Point Non poimnt Point
Pornt of investigation Discharge point Discharge point From upper to middle stream From upper to muddle stream
Number of samphng ponts 3 3 5 7
Period of inveshgaton ~ May 1997 - Mar 1998 Sep 1995 - Oct. 1996 Apr 1992 Sep 1970
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AT B W TKIBUANDILEN B I TEY L FRKEER 2EL TIRIE—ETH 7. pH,
BOD, T-N, T-P, BXUTOC OEFHIE% Table 3. 1777, KBIZDWTIE, LRHK T2~
2SCOEFHEALD S -4, BIKZ1EEZBL TIS~20CORMBIZEEL TWir. BHEERR
B, WThofiAabaiRIETHD, TRAEKOBODIIR, EELBEINTWDSZD, 1 mg/
IRBECHAZSNTWE. 2, BRKOEREA D BER, BEBRLUTTHo . Tabled. i2HR
HINFELTMOEREBAREEZRT. BIIVWThoBSTH20BUTTH D, BREAKISE
XD RESELLE.

RIZ, FARUEMRFKZZEL TR EARNOKAESWHE (199745 H~ 199843 A) Dit4E
EEFM U AR % Figures 2., 31258, 1997 E5 AN 5 19984 3 A DHIMic BT o A EEK
DEFHELER LI DM Figure 2., T L T1997HE9 A TOIMBE DI EEEZRT /5 7 A Figure 3.
TH5. Figure2. L0, 1 FEMOLEEREOFIGHIT LFRBLSA0.27, B O#MRA10.33, €L
TTiMEA0.25THoz. INSOEHEOMICHEAKEQ.0 THREERRL, HEENSHRT

Table 3. Means of water qualities at sampling points of Tsunaki-gawa river (May 1997-Mar. 1998)

Water qualities Sampling Points )
Above the dischrg pt. At the dischrg pt.  Below the dischrg pt
Temparature (C) 12.2+7.0* 189134 16 8£5.0

pH 8.25+0.65 7.47£0.20 7.72%0.36

BOD (mg/l) 1.1£0.5 1.0+0.2 1.0£0.3

TOC (mg/l) 22%1.0 33%1.0 2.8+0.9

T-N (mg/I} 116+041 3.07+0.70 2.30%0.70

T-P (mg/1) 0.063+0.036 0.718£0.595 0.489+0.558

*

: Standard deviation
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Table 4. Variety of species and number of individuals found in Tsunaki-gawa river
(May 1997-Mar. 1998)

Sampling point

Number of species/Number of individuals

May Jul. Sep. Nov Jan. Mar.
Above the dischrg pt. 9/17 10/70 8/22 20/445 12/410 14/215
At the dischrg pt. 8/34 11/122 14/31 19/446 18/336 14/274
Below the dischrg pt. 6/23 4/30 11/21 19/513 17 /504 19/1444
10
|
08 N | ----- At the dischrg pt. \

ECI

|777:-70:Ab0ve the dischrg pt
!
i
|

— -& - -Below the dischrg pt. 5
g P |

May Jul. Sep.

Nov. Jan. Mar.

Figure 2. ECI of Tsunaki-gawa river (May 1997-Mar. 1998)
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W HAEORAEOFEERCIIEBES A TN
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(S) DEMKRELZYD, HEEHBEEN0.8&FHN
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T ERERLTWSEZEXLNDDT, A

[~ Above the dischrg pt |

-- @l -~ At the dischrg pt

— ~& - ~Below the dischrg pt
——d

Figure 3. Ecological co-inhabitance of
Tsunaki-gawa river (Sep. 1997)
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FTEHEEE . 2B, RERVEICEBEHTRZIZEA E/RZ2WEIINE LS, Tk 57l
ICBNTHKEFEORREERNEHNTTHMIT Z2LEENS D EEL2 NS, RalTfro 724
EFEBERWEHER, OIS BBARTRWETEYFIMETOBO—DOHEELTER
L7zbDThHS. £/, LRMAIKRELAMAHFEB I, ZOMBOBRKICAERTZEELDY
FNRE<EBLTVWEDT, —N—Fv FTOREHRBREFEZFIIROIZ L E L.

FEIT1995E 9 BT FRBOREERTY, 11 BICEASYERN L. X517, 1996414
AR EBEREL, 2, 4, 6, 8, 10RAEN 2y ABZKREHMERNL, 60, H1E
lichiz> THREZT- /. £k, ABEKBZRELZMBENICE 1B, —BRKEEBOWMEZTT-
7z.

Table 5. {2 1 FEOTHKEEZBEL 7=, MLt ¥ — T, BELENMTOR TRV
¥, BFEOHS TIEBOD 284.9me/l, T-N2112.756mg/l E&E</a->THD, THEHRBTHESR
EZRAVNTWSED, BREEZENSENT W, Table 6. ICREINLEEFY OB LEAERKERT.
BEORKIEL 13 TH ORI &EREN Mo 24, BESERITHEANO 100 fSEETH-H .

RIZ19964E 8 B D RANINCE T 5 EABWHOILEE % Figure 4. 17,1995 D 11 AN S B 10
A ETOHEEBIEROE(LE Figure 5. IZ7RS. Figure 4. £V 19964 8 A DR TIX, KAFYHE
DEERORENE (§) ORFEENMZETYOTHOREFEERZ NI IEREREZ->TVS.

Table 5. Means of water qualities at sampling points of Mirumae-gawa river (Sep. 1995-Oct. 1996)

Water qualities Sampling Points
Above the dischrg pt. At the dischrg pt. Below the dischrg pt.

Temparature () 13.2 17.4 16.4
pH 7.15 6.94 7.02

BOD (mg/1) 1.6 4.9 45

TOC (mg/1) 3.0 10.0 8.4

T-N (mg/1) 0.52 12.75 8.59
T-P (mg/1) 0.067 1.360 0.878
Residual chlorine (mg/1) ND* 0.489 0.164

* ND: Not Detected

Table 6. Variety of species and number of individuals found in Mirumae-gawa river
(Sep. 1995-Oct. 1996)

Samphng point Number of species/ Number of individuals
Nov. Feb. Apr. Jun. Aug. Oct.
Above the dischrg pt. 13/1702 11/5856 10/309 9/1415 13/1523 8/4993
At the dischrg pt. 5/26916 4/4437 3/31340 5/18840 5/16160 3/78820
Below the dischrg pt. 9/52627 7/54741 4/28680 5/9980 6/29400 5/81860
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5) &0, IRTOMHITHWNTHAEERBRIT
ZMEHFHL TWDZENbNMSE. Lalan

5, AEMRIC K D HAEFEROMNT 5 FE e Above the dischrg pt.
MERSTHY, COEGNY T L JIck -~ 4.~ At the dischrg pt
H|EROD, FERFHOLERIIEZ0H — A - Below the dischrg pt
BOME, INLEOF-FnSRETER i
W, ko T, HEFEEAEHOREEZTS Figure 4. Ecological co-inhabitance of
MEML, SBI SR IBEEBLUIHENNLE Mirumae-gawa river (Aug. 1996)
THHENZD.
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Figure 5. ECI of Mirumae-gawa river (Nov. 1995-Oct. 1996)
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(3) TROHEBAZRDBNICDONT

BRINTR|AT 2 FRAEAE, 1K 2K0E SELEOR, F/ HESEIRTWS, —
A, REIIAOTRKLEERKZ, 1R 2RLEORE, BENEBNZINTWS, 22T, 22
TRTKOUBTOVZADENEVWHIBEENS, HEEEEZ D,

MO RR O SO EBIZENIEINEIDDORES, BEKHEOSTH-EZA, R
N O DA, MARINBROLIDERIZAZINENWET. Ko T, RATII~OUBEAD,
BEEBYHICIOKRERA NI FE2EZTWSZEMbMS,. £/, #RNTIE, OEKZAR
BOHEEEROFEHECEBRENZVOT, REANEEBHIBIZEX 51 287 Mhan
EWVZDE. INHDOTELD, MNARERRIIGZS1 N COBANSEZXSDE, T/AROLE O
TR ELTE, BARNANLEKERRS 2BEER L 7 — 0870 X0EN, #Hgkt
BT —OTOEALDBENTVWEENAD, 8, ZOFRITY UlEIN FANBALE
FHBINZTRLBEKOFANANOZEEZ MR L TN S OMEFREPES—HTE. LEOZ &
&0, HEEEREAWS ZEICK- T, TRUBBGRADRINEERNGZ 5H 8% HBY)IZHE
TEBHENZS.

3. 3 HAEOHMEMZIL

KIZ, K &3 R 2 &A1 & U T, S omBRS L E R %2 LTI T 5.
M &Nl

KNEEFERESOLUMICERAS 0, BEMEEZHEN, SWUBBICESANTSHS. £, K
EEZBERHEEZRNZWNITH D, PRBIIEEDTIBLFEL, FNSOEHTHHK
H—MEARLTNS, FEMST, LREMASH3kmBETS #fT& L, BEHMAZESL 1, &
L TROMAZESL. 5 & Ls. ERAESMBOREEIZ19924F 4 81T, 0.5X0.5mPI—RIT— Roft
Wit —/N—Z v b (WE ; NGG40) 2HWT, &MEAT2ETD, &30 5mOEBETIT» =,

KESFORERE O/ HADOBODIE, EFHEMS 1.1, 1.0, 0.8, 2.3, 1.8 (mg/)T&H - 7. Table
7REINEASY OB BAREREMS T LITRT. St 22BN TEKI32, BEEK
M1201 THY, SOOFREMAOFTREBITHERTH 7.

Figure 6. IZKJIDHE T HROEBERBOENMERNWTRT. RERZEFRIITICLRdS
T, HEEEEOYETLTWS., HMBENHEMT 2 & —RICEDRIIEMICZDRB2I LD
natnbhai, KIOBSIEBOD &4 EEEELEL TAZ EFEMEMITR <, AEYEL
NOERNFEEIIEEBERIFLTVRSEWES, DE0, A, i, TLUTIH TR, 2%
FEHEORWERBMOFBRMEICMA T, BFCAELEOPBRTHELMOBVVYEEEL T 50I4
WAL, FNRTHRICTICUANs THIIKOFICERL, #REL TRINOREEBROK
FTRBIERILTWEEEZIONDS. ZhHDTEickD, HAEEEKIZOLIBRIBERIZHLT
HEY KRB ENMENTELIRETH LI ENbhH 7.

(2) mRHN

EREOBREIGAREICHD, EEBHUOIZEEHEZET, BBEETHR/INCZERTS. =
DNNZBEL TR OHH SIC L > TEDEBFNHRLHEL M S5TbNTH Y 0, KBS TIIHL
SBRINHEEREEHES OREREFORMEZHNTHEFE L. RFE THME L /2R
13, HHESOHERICH B EFEMS Station T-1, 5, 7, 9, 11, 13, 15D 7 APITH Y, Station

Table 7. Variety of species and number of individuals found in Oh-kawa river (Apr. 1992)

Sampling point St. 1 St. 2 St. 3 St. 4 St. 5
Number of speces 30 32 20 22 21
Number of individuals 594 1201 229 419 321
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Figure 6. ECI of Oh-kawa river (Apr. 1992)

T-13g0LRIzZH 0, St. 15 BRI S, &SR 10km TH O, 1 ZEZERBTH 3.
A OBAEIZL9704E 9 BilfTo T3, £, FHEE B EFHOBRKE T, 30cm X 30cm
DA—KS5—REAWT, 5ETDTRY, EEFHORIEIEORS TIT>TND,

LKk ESETHERE) TRESN LKLY O & BEEE Table 8. 12, EABWHAD
ARG L R EFeure?. KRT. LRMICBOW TS AEERRII/N I REZR L.
IR ERBICBWTHIULMAS DKL 2EBECESBICLOEETHDIEERIOSND. EE
AEDEMIZE> THBECESBIEIBMEZRL, BIAEROBEVLWINSMIERNIIERETESE
DENTCHRBERZ, BELTLED Z&0FL, ZOIIRRECBOLTIILBNEORE
WEMINEZBZOAT (INSHARYHEMEES Iy ROTMEYIET S Z LICKDIR&ICH
WT20THDMN), HEERKIE RS,

FTHBicBWTIIREEEKO LANESNS. 2R TT2I20e0n, fORAKICEEER,
KEAA BED ERDLENBETICE AR, ERRAKRICEZE S NTRIKTOESER
EMEFLTWAEDEEZ SN, Zhickd, £ETIEALESYHOBENESNEDDEED
ns.

Table 8. Variety of species and number of individuals found in Watarase-gawa river (Sep. 1970)

Sampling point -1 5 7 9 11 13 15
Number of speces 6 6 7 7 15 13 14
Number of individuals 16 36 469 137 131 247 668
10
0.8
0.6
ECI
0.4 b
0.2 <
0.0
t-1 5 7 9 i1 13 15
Sampling points

Figure 7. ECI of Watarase-gawa river (Sep. 1970)
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AR TORBEUTICEEDS.
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DEDOHEE] DADDNTA—F =525 EEEK (ECD #REL.
HEERRBLCEERO 4 DOREERLAEBEEZRAND Z LI X > T, 2REHEKOEEE
BERWEEYRED L AEOAOFEMITHNT, LORENCELZLVFEHICEERORELIE
M TE .
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FhE L TRWEZERL .

- TRPRENS OPKCESRBESE T HHKEZAET IO ECHIEWEZERL 72,

- R THE L - IBESEOR T, #4EEROBRBESRAN O T RKNLEMBK ML TO0.84,
BIEMIZRIND0.01 TH-7-.

%I, ATMEEZERIEE L TEDS0, J0E<ORIIBEICHEERREERL, E8
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