%% %2 7K B B gy % 4 T O ves Nes

1984 £F£5 B ACTA HYDROBIOLOGICA SINICA May, 1984

L L & AR oL o
NET Ti# HER

(PEMZEREKEEDRAN  (HEERERFBEHRR

®” =
MILEES Y RBEEE, T LEHELE, &%z#ﬁﬁﬂﬁ; H, THREITIREGS
LREEW, SHUHEZR, Shannon ZHMHENRBETXEEN, EIIRETHEEK

&\ T RS RILBRIR T RIS 5, PRI B A iR, MBEELRANET L.
HTTANERPHEFVNERESED T RMBHMET /LML o

MLERFRT EARNBREEL, REME, EAREMN, 21K 856 AB(EHEEREN
670 AE), FIEREIX, AAKE; hFGESAERNERN, FEASBENBFEE:
THRE R, NEEREE. WILR KRS WA MR, RRED,

WL =AU G MIETWEKAHEA, MZ TS AL
7, BEKMERPESRE AAXRKERR MM, SEMEENRRENH, #IE
Bis5, HRMIIBEHYEETEMBNEN KR E NS —MEZE S, RI1T 1980
F£7 JRI10 AR 1981 47 B, 10 A1 12 AE THITLEERRE S 3 i fh e
7, 1980 FAELTLBRATERE, 1981 FMEEERMNEBELRAL, REREZWH
FRRAEE, EREMSREEREE, MRLTRERE QLRGN 0T,
R R PK IR R W 2T,

pij i%

MARIT L4 2RI A E BT IR R 28, 2L TR 11 ME, EEARE
REE(E 1), MAEAKN BN E, mTHITERSHEANDRE, KA\ TERRE
25, HHUAR D ER 16 BEK & 18 EARER 16 EXR .5 20 EXOBEER&%E(H 8 SR
12 54 224808) , INLRITERY 4—5 BT EXK, SRERBE—E 10 BRELHE, 3k
TR 6—8 BEORMISNA, HES—6 AT(E2), EEMTREALRE 2 MER
SEMRALE R ERAL, %% ARBRBEERBRNR L, ABE% 2—4 %, 15
IKEE 7 ARL L, K 0.20—0.58 2K /#,

BETAKESRE 14 KGERE, ¥INAEARA, HEERIESRINAMRBE LrE

M,% 40 BORMRRS, EOGEERTRDEMIRA, BH 70% HEEEERE, FE
ENERAENEHETECHAHEITHE,

REBKEEABL: 198248 A1l R,




el
o SRR

B 1 AT M SRR T R

Fig. 1 Sampling stations along the Xiang Jiang River
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X 12 B, EREKEDY 12 Fhs BESMNEE — B B RUFN(FE Dol A BB R Sh W HO Bl 26 Eh
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Tab. 1 Distribution of zoobenthos along the Xiang Jiang River 1980 2
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BB T mmam T WE | RM | RS | KD
3 R T T 8| s B[
PEEE [k (PR REERE e )
IR (Potamanthus) + |+ + | + L
ERGE (Ecdyonurus) TN B + +
SHRIEE (Cinygma) +
/NERB (Bphemerella) Y
PR (Baeris) P e R T + | +
¥ 8 R MEMVEFE (Centroptilum) + +
(Ephemeroaptera) 'M/_I\%EZE (Paraleptophlebia) + [+ | + + | -+
FI/NgE B (Thraulus) +
BN B4R B - (Choroterpes) : ++ +
B E (Ephemera) + |+
MIZE (Caenss), | | H |+ [+ [+
P8 (Prosopistoma) ’ + |+ +
5B (Libellulz) + |+ +
W% & B J—
R (Gomphus) +
(Odonata) .
- |#%E (Lestes) + -
KEEE (Mesovelia) "
¥ ¥ A - o
SR (Aphelocheirus) +
(Hemiptera) - ———
QR (Corixidae) +
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NETHE ®H 730 WE S ]
B M AR HUAPE R g BT g g g B 2 R
BEGEE (Rhyacophila) + or
‘ WNEEE (Hydropiilg) I + |+ + T
{ WGEERE (Orthotrichia) |+
£ @ BR —_ -
(Frichoptera) SRR E (Hydropsyche) + [+ + |+ L
RUERR (Diplectrona) -
( EERBRE (Psychomyia) + + + + o | rre
K FTER (Leptocerus) | T
BEBE BARE (Stenelmis) e + | |+ + | + o
(Coleoptera) BEEE (Prephenus) - o
EIIBIER (Pentancura) ot |+ | | err | re| A || || e -
ERIBPE (Orthocladiug) | 4 + | P VR U O
BRH |BRERE (Polypedilum) wht + w1 |+
,\ (Chironomidae) |y k K HHEGUR (Rhcotanysarsus) | 4ar] + e e
BSEUR (Cryprochironomus) - + T
IR (Chironomus) + |
R g  |@F (Ceratopogonidac) N N -
(Diptera)  lure (Simulinm) T —
EUE (Barbronia ucberi) o + T
& % |EBEE (Glosiphonia laaleri) + |+ |+
(Hirudinea) |pmxym (G. complanata) . + + i+
bEgEE (Barracobdells kasmiana)
B K28 (Limnodrilus hoffmeisters) ++| ++ + | ++ T
EEKLE (L. silvani) + + e
IRERREE| (Branchiura sowerbyi) + A N D
[REEFS| (Rhyacodrilus sinicus) | +E T
BTk (WLER (Lumbriculus) + ' —
(Oligochacta) |BEEAE| (dulodrilus plurisera) | - T
" |enEE LR E] (Branchiodrilus hortensis) + + |+
A3k kFY (Stylaria fossularis) N + -
R E (Dero) + + + oot
i BEER (dulophorus) + |+ .
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B A K AP & Tl g B B U
wex  [BUKEE (Parandis) | -
(Oligochacta) BEi&H (Nais variabilis) +HH| + |44+ e R I N
I b (Semisulcospira cancellasa) v+ | ++ | + | + | + U e
FFABIE (Bellamya acruginosa) |++r|++e| + A PO
I3 3% 48 (Stenothyra glabra) ‘ + | IV FIFIFS) R PR
SRE (Parafossarulus siriatulus) | + |++ ‘ T
hikzhm KRR (P. eximinus) T
(Molluseay WD N& (Radix cwinkoei) + |+ + +
(IR (Gyraulus convexiusculus) Rl IR IR S + |+ |
BEIS WA (Polypylis hemisphor | 4, L
K #3088 (Alocinma longicornis) g s + R
BIRR (Ancylus) |+ x| |
FHL (Corbicula fzu;_ninea) + |+ el | R+ + |+
WAKFER (Limnoperna lacustris) + + Y P "
stk (Hydracaring) [ e ] (:
#8481 (Nematoda) . . + + | +
SRE% (bopoda) 4 |+ +
Hipgy (B (Macrobrachivm) ‘ - .
(Others) KR (Cariding) | =+ |+ + |+ + |+ |+
GakF (Gammaras) w7+ T
KR (Planaria) : R o +
ki@ (Hydra) IR RN PR U DUUR B U O I B

B 10 AF RS 1150 MR %R 51 ALLE R %R

BENBE R LR & W EEHA ER B3, H i, TRAEX LR ER EAFEEFNE.
B GRETUTERALE, REIMZWIER, WERHKLE| (Limnodrilus hoffmeisteri)
Fh SR Bl (Rhyacodrilus sinicus), FIRTIERARWFRLEL, HHEREBHTE
KRETWX, KRR, Bl AR EEEE R WE S 33 f, HoitirERSR 7
ML, HILER R,

EEEERMNTLT, EMARAE 10 A8, E%EK%IMZE@EKEHﬁ@%ﬁF@D
Hel, ERBE, B 1K, H RS R%, 5 RTTRILE, S REzimEn-+ o 8%, 45
BB REVEF BB ZEZEJ'#(%JEEPE‘E)@%Eﬁﬁﬁ?ﬁﬁé,{lﬁ‘éﬂﬁl}‘ﬁm&%o
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LB RTE, MEARKKENMRTED, HRENHEEMRRE 15 A8, KE
BHRNMERMEFBRY, MRESIHHFRRBEMAER I, KKFR (Limnoperna
dacustris) RARBF, TERDA—FHERERIREEEL, 5% REREBEBNS3%,
Hawkes (1979) $& i, FEREANGRRAT, HHELEEDWHINSEFH, HhE
HARLBIBINAREHIEHND XEAL—HERENGRVE  MEREREKE % &,
REERUKB 7 KR, REEYPFERMMEBHR D, '

2. X EABYRRES KBS M REIER ST

RIBHIEE HRERFREP R 1980 4 5 A Ko RhER B3 5 5% B
1980 45 5 ABRES LR, XEBWMEBWRERBEERIEHEKE ST
WE., BATEHXESYHNRESERIMAREEHZHNXR, RINFEFTEE
WRAEKPREREPHEES 1980 £ 7 HRMBEMBEWER ST, REMNFINEE
BB F R H o S R AT A R B R, B RO TR TR PRATER IR 28, 5 R H /R VT K R
BHRNER, |

SHTER (& 2, 3) B, ML AKPE H RAAAANIKRE, SRKER (Pentanc-
wura)s W (Corbicula fluminea) WIBBEMLMXARNIHB, FHHRE B (Semisulcospira
cancellate) BTN EFHEMER, MTAEARIE (Bellamya acruginose) B E 3
EREFEEHER, RKFRXOBEELEFEABR, MEFBEMAR, XEHEAR
FMRORESIN AR EBORB AR BAFE (Caenis) MBBEEMLEH. R AAN

%2 ATREDME SRSk CPRFHERRY

- Tab. 2 Relationship between the dominant zoobenthos and chemical content
of water in the Xiang Jiang River

cd i Cu ' Hg IR

(BHC)

HEE (N=14) 0.277 0.165 0.162 0.186
P ¥ (N=12) —0.009 —0.710% —0.580% —0.578*
[ % oig (N=10) 0.302 —0.928%* —0.149 0.760%
Fsigrase (N =10) —0.352 —0.660% —0.528 —0.521
FERBE (N=28) 0.539 0.276 0.808* 0.374
ol i (N =10) . —0.237 0.361 —0.112 —0.19
&mgﬁ@ (N =11) —0.608* 0.761%* 0.144 0.357

* FRAEBE (0.05>P>0.01):

*» BREXERBFE (P<0.01),
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Tab. 3 Relationship between dominant zoobenthos and chemical content

of silt in the Xiang Jiang River

*Eéé RS
m

1t

Cd

Pb

Zn

HEER (N = 14)

—0.668%x

—p.021

—0.145

—0.576*

@ 7 N=12)

—0.207

—0.232

—0.296

—0.337

M AT (N=10)

—0.352

—0.336

—0.227

-0.309

FisErass (N =11

—0.512

—0.547

—0.098

—0.403

AHETRE (N =38)

—0.156

~0.185

—0.116

~0.143

W W N=10)

0.852%*

0.828%*

0.814%*

0.842%*

KRR (N=11)

0.159

-0.131

0.003

0.017

= A1 ERAS

HRE ZIHE AR, AT (Baeris) FIBB TS HFHE AARR, TS AAANEIRE R
BIEfER, X B R A KESBRAER, ARSI AN SR
WARF . HEBEWIRE XTI E MR PR LR, B At AT, ik, RT3
MEE, RELTFEGEEfR, REMRNRENS D, ER ETLHAN KRS R
B,

WILRET LM ESBERESHEF HEE ., TREEE . FERREBMR KRR
BEEMEXARE, EARBNHHEELSR AEHBHAAEX, R AR KERT
RESESVERERN, MRNBEELSE.H. & fRNREESHBEMERX, BXYE
EHHE S BN RRE—EHENERENE R, ,

KB YRESEELYHREELLEHBARHABRKRE S RMITNAZHIRYN
RHEZMHERTREAFEERNY, HEZEYNKRERRAERE—ENER, Sapt
ESNEMENRE RAL K, B—HE, BTAKI, HBEFEEL, RERREIGE
MR, TUAXARBOTRAF K B E R,

PO RPN TR GE S0 Ry
DLREAB B HE B R A K AT IS S R A M P K R — R BE ik, ZERM

SNELERE N, HERERIFRRR, REZY AR TR KRS, K£T%
& £ AMBR, KKRENTA, EEBEMEINNEREE, Wi, KkHRE
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TR AF B F BRI K K kR B AR, A KARIRE R AR AW
Fo FERFERZEN BEABS AR R MBE HT IR, 80 H — MR A BRI AE R
BEBE, EAAEAVARESEMEYTEI .  Shannon ZREMIBHRIBEMEIE LW
WY RO ERIN—FELER. ENERRARETEREAZABEELRE™, H
HA LSRR S, XA B BB E N, EIFN TS5 H 05 m L E YIS 3H
PRFEREEEY, RAMYEMA Shannon AR HEBIINLHEERBESIIAK 4o RER
BERAEN, MiZHEREFNKRNERED: BERERT 3 ABEKK; 32 HRE
Y 2—1 BB /N 1 0EBR; 0 AT EB S,

WHE B RARAE, MR 4 ATAE ML WA BT BRAEB Kk, ERA BB ETE 3D
LB SEBUETE 3—2 ZH, A8T5 5 MELRERES 3 UL, AEEKE, BELE
BA RS, ERESET 0, XTEG S ERERENT 1, HEGE. MEAK
BERGRETER. HFRE T—AH. XAA D, E/E 4 LR, HRERE 23
Z 18], ABTE S, '

F4 ETREMAHWAN Shannon SN 1980 % 7 fiF0 10 A
Tab. 4 Shannon diversity index of zoobenthos along the Xiang Jiang River

GE %%ﬁ% wnH | SUE | KE BE | ABRE | BRE | A5 [MEFO] Sk
gEE.EﬁEEEFEEEEJEZEEEEZEEZEZ’E

L (4236261111033 ]13 241196 o {22] 5|2t|20f12| 270251213} 9

BB [775 1966 1333 | 62 | 47 |418 | 63 (175 (129 | 7 | 0 |745 |129 {128 |496 | 59 {1446]233 [184 |246 | 26

FaRE [3.95)2.71{3.00[2.97|2.72[3.02(2.97|3.18(3.21|0.73] © 2.11{0.78(2.24[2.65[2.482.71]2.83(2.37]2. 11227

MRS RERXBIFAIEIKERRANESE S WHE K, I8 Spehar 5
(1978) 38, P W f A 48 28 REBIFEWE (LCw) /NT 3 W3R/ Tt LA BERIREA
85.5 1238 f5e /I, SR RABAR, dkiEREHNSHEs), 2AREHRE,
Nehing (1976) #REIFHEXT 45 14 X TLm E5r 5126 0.18—0.20 =35 /I, 3.5 Z5a/
ARART 92 BR/F . RBRERP, KEBRRNESENTWRELSBARK, FirrTll
BWESEFR™, Winner % (1980) XIFIHEHRR ERBHRN ESEREK, H
i, R H HR R, B8 B AT 8 B N R, TUERESBEGRNERE, £EGHR
ROZK B P VIR G AR S RN, BUMER B FE; ER/DEYHERBERGEHN
Kk, B B AUFHE EEE, MILRIIMAKERR(ES) \IUER: LAZE.E
1R SLTR AT T AR SRR 60% Wb, N EEBERBENEIE 80 %, BiBAXITE
BEBERAEGRENT R, B SILERMFTEHAZFEE NEREOKEIE 50% U
b, BREER, RERHNEFHEENERAERNHENS 70% UL L, ZTRFRRESR
BEEY. BENEARERTSR. ~ABH . EFE. B8, DMEAD 4 MFEEROKE
FE, G 70% UL, HEVENBBBE SR, RILEAPEF LR, Kh A —XF 4 i
B BB BAREE, MEREESRY, RPARRBEERESR, SRBKEER
BRERBHEM, 5 70% U L, MEEERERD, XILEXEFH,
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™5 MITAEBAWEN (D) 198047 %110 B
Tab. 5 Percentage of aquatic insecta along the Xiang Jiang River

TE | flA% | BRX | m | ALE | K | BE | AR | ZRE | 55 NHEEO) SR

BHKE| 595 296 65 274 355 0 159 163 | 211 141 112
FE 70.4 | 69.3 47.7 52 65.4 0 11.2 23.9 1.4 5.7 0.9
E3> 1] 5.5 9.5 | 21.5 1.8 8.2 0 1.3 1.2 2.4 | 31.9 | 71.4

R 15.1 | 14.2 27.7 38.9 18.5 0 86.2 71.8 94.8 62.4 27.7

HEhE S 9.0 7.0 3.1 7.3 7.9 0 1.3 3.1 1.4 0 0

Winner % Fi7K 4 B EGHEX B, MESBITHRD K 3 AREWEE, £ Shannon
ZRERBE. BERD N 5 MR WEBRFARZL, BERHNRE, W KRER—
B, BB ERIE, Shannon ZRMEERE TR ENTREZTHMMEE, ——HEF
PR, — R AT R B , TR EM/N, BTG YT E; R ERERDMRET R %
R EY MEBR BB MRS HRST, T ERE,

- R EFTRLAUAZERBIE K ZEL W ATELBRNREGR; MRILENE
BAEBEILBRERABSLR, GEAT BB R ABH AT EG R MHRE, B—H,
VIR OB ARERR, APA—HARAIGREE; SRBLERUERETR
(& 3) :

fRME
Index

Wz B p B & 2 B ® @ n
BENEEEEE N
WE
Station

B3 MR ANESLREDTL

Fig. 3 Evaluation of the degree of pollution at various transects of the Xiang Jiang River

bR S P T B S S B A

WML TROEE, TUEHBILKRGRUBBILERNT™E, Hit, RIIT
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Tab. 6 Species and quantities of zoobenthos in stations near Xiawan
i ] B A BEL | TEXT | DR 17545 14543 TH#H
BEHEOERAR) —-10 —0.2 1.9 5.3 8.8 11.8 15.7
L 18 14 4 6 6 4 —
7 A
BE 294 238 28 56 15 34 —
f o] 24 — 3 8 — 11 13
10 A ‘
) HE 175 — 101 . 22 — 95 111
i 17 9 0 2 5 9 6
12 R
ME 91 26 ) 0 73 9 45 45

1981 EFERITE 3 RRERWS W, EEBEEBHEE0 LENRE (10 A8), TERE
WFER (157 AB), 754K 257 ABNARIE 7 MRS, Bl ol - 2 M4,
PAF 5 M. B—ArTMERE, KERIF, A8 HE, oA THEOE 02 AH,
DAL B0 MR BN 37 B At T HE IR B KR MR K R, B AR THRSOF 1.9 AEL
B-H AT, H R 4 AN REE A EA L AREE 3 A, |

3 R B MR R TE (£ 6) URMBBRNMERS, HREBE L 14
Bfibf. PURHE NI 6 FhiPys E Redt, BRHPUKIT SMUE AL A At BT 2 FhEE 3 Fhig
B E MR ST 1.9 AWK, 2 7 AR 10 BB IUREREL &R, A T
PRI B2 AR (Orthocladiug)o  {BFEREKE] 12 AHY S IRA REUEM M 50T 11.8
AEALE 14 SRR, EMEBEBIRE . B4 T TSR &, BB RS 35 H,

B Shannon AR IEAEMBREMIEH, WHELAKRSRNSR(ET). TUE
L BB B K R OIS Ko HEET E 0.2 AE, FSHMR T BEXNEN, K&
HBEY, HISOTF 1.9 ABRGHIKT B RAES . 2 5.3 ABRNDRE, KKi5
BRSO R EEIS B 11.8 AELL 14 SHRKIAKRABIER, 14 AR TETK
RS T R T EKR , IS e U , 4 RIS S,

$7 MAILE Shannon HH#EEN

Tab. 7 Shannon diversity index in stations near Xiawan

R& 2% 4 BEL KT L) 17 545 14 S5 THEH
7B 2.52 2.52 1.72 1.34 1.69 1.89 —
108 3.84 - 1.10 2.57 — 2.55 2.10
121 3.02 2.72 0 0.85 2.11 2.18 1.06
£y 3.13 2.62 0.94 1.55 1.90 2.21 1.58
GREg HEK BER B ik -d LiEE Bi5h 5 g

B TS e RE R X, RE R, KRR, REE R ERMRIES
FRLFE RN, BB LR KM SRR RN KRN RESTRERATE
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1o MBEKH DO EHHET 0, COD f#E3k 502.2 B3 /Fro UHMATLNUE, LHE
O°F 0.2 AR ES#EL, DOERRES 8 Bik/F, CODHINA 30 B /F. H
SEE L, MRVT A B e B D R MM SR A, ZERRITSE K K R T, BEELL T 1 A B
HABSETERMITRER, TRBEARE 14 ARUR, ETERARRRNAKSE, &
BN BYESREHE O ERAREAY, Hib, 11L8AEL 14 SHAMKREHK
BEBEYR, 157 ARG FTEIKREHRHME, & EHi55RERE,

1981 £ 7 AF 10 AU RAERT , K ALE S, M K, K P B A R IK 2 (Spirogyra)
MTEHS Y. HTSEETRKE LR, EPH/KERRIAMEESE E0Y, K
BB 7E Pk T R AETITE T MIIRI AR I 727, B 12 ARKHIR R, B
Tk BB, VR BB/, A3 7K R 15 QeI E L B8040 s R eE A BB T BFRL 12 A
TEHPK) T kb B REME Y, X R REAEE L AT E,

& 7

1 R RII AT B E AL BT RS R R L, U R K ER R A& EE
BRI R A HOTREE 5 AR M SR 25 E O ARE 53 477, W 8 B sl 5 B0 00 MU o B B FT AR
BP0 B R RE U R RS D, HI T K RIS REE, 72 X L3, i Ll fE
9 WATLAK R 75 Be b HE R 0o

2. FRIBIIT 29T B A B AT B S0 S S BE VS S5 M 2S 4L, B JB Shannon £R%
WIS HOT N RITA RIS S, B B S K ERE LS B R ARG, HZENEE
FIEM I AR, EBREMILE, KBRS E AL, SEENAEE 3R 3.1,
AN K RERE 1S, IR 2—3 2, SR P ARG, aTHRIRES
Y e 38, A S A B EABEE, KR ATRE 0 Ko

3TN, SHEES HARLRE, MEEEBHSOT 4.8 2HLM% 450
ppm, $3% 1240ppm™, (EX AW EMART o BT HEARE RR, K B R EMNE
FUERERS BRERAARE, X544 BEEREE L, RS REH YN ESE
BERKRHDWR, SO0 R A (B YN R AR TIE L%
]éﬂ‘Hj;EO

4.7 AHF1 10 B RENISHESWHRRRE, EHARRE ST X, By
A, 10 BHRIEWHERBRE—RET 7 AR, BEILR, 12 AR RIS
BT 7 BRI10 A%, B 12 BB AR, KA, BWE N, 15 3R B KR & o

5. MG R R, MITERRER, KR, K E e 18R , KR R ST B
(BB S8, KB LB A BE SRR A ke BFh, FHTLRTHRE, &
PRk A R 2 IR 2 , 15 B nd BAVT K A A MK 7= Ve B SR B R A28 Mo
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AN EVALUATION ON POLLUTION IN THE XIANG JIANG
RIVER BY USING ZOOBENTHOS

Liu Baoyuan Wang Shida Hu Deliang
(Institute of Hydrobiology, Academia Sinica) (Environmental Protection Research Institute

of Hunan Province)

Abstract

Studies on zoobenthos in the Xiang Jiang River were carried out for five times be-
tween July, 1980 and December, 1981. Artificial substrate was used for sampling in all
stations in the river, especially the heavily polluted area between Zhuzhou and Xiangtan.

Based on the data obtained from the survey, Shannon diversity index was calculated
and used for the biological evaluation of water quality of the river. Relationship between
the number of zoobenthos and the chemical content was also calculated in some stations.

Results show that the mayfly naiads are more sensitive to heavy metals and pesticides.
They may be used as monitors for water pollution in the river. The percentage of ephe-
meropterans and trichopterans as compated with that of the other aquatic insects used for
water monitoring is also given in this papet.

Neatly in all stations the diversity indices were more than 2.11, except the Xiawan
station, where the index was only 0—0.73.



