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Evaluation on temporal and spatial changes of biological integrity for shallow

lakes in the middle reach of the Yangtze River

ZHU Di*'*, CHANG ]ian—Bol’z* (1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. Graduate
School of Chinese Academy of Sciences,Beijing 100039, China). Acta Ecologica Sinica,2004,24(12) :2761~2767.

Abstract : The purpose of this paper was to introduce the conceptual use of the index of biotic integrity (IBI) to the Chinese
ecologists, promoting the IBI system suitable for the Chinese inland waters, with particular emphasis on evaluation of shallow
lakes in the middle reach of the Yangtze River. According to the characteristics of fish assemblages in lakes in the reach, we
modified the IBI originally developed by Karr. An adaptive IBI was obtained, which included 12 metrics: number of total native
fish species, number of species in the family Cyprinidae, number of species in Bagridae catfishes, number of species in the
family Cobitidae, percent of crucian carp individuals, number of families in commercial catches, percent of omnivores
individuals, percent of insectivores individuals, percent of carnivores individuals, the unit yield of fish, percent of hybrids, and
percent of anomalies in the fish assemblages. This IBI was used to assess the ecological integrity of five shallow lakes: Wuhu,
Honghu, Baoanhu, Donghu Lakes, and Sanhulianjiang Reservoir. The historical data on fish assemblages obtained from Wuhu
Lake were employed as background information to be representative of a natural/undisturbed state of lakes in the reach.
Though these data might not be fully reliable as the sampling methods used had not been calibrated and therefore contained
some uncertainty, it was believed that data obtained from one lake for extensive time series and data deriving from different
lakes for a limited period were sufficient to allow the first attempt to a modified IBI for evaluating on temporal and spatial
changes of biological integrity within the research area. Comparing the data from different years in Honghu Lake, the IBI was
estimated to be 52, 40, 28, and 26 in 1964, 1981, 1992, and 1998 respectively, showing that in the lake biological integrity

decreased gradually in the past 40 years. On the other hand, data comparison of four lakes in early 1990s revealed that the
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biological integrity was

14 fair ”

in Baocanhu Lake and Sanhulianjiang Reservoir, whereas in Honghu and Donghu Lakes the

biological integrity represented “poor” and “very poor” conditions, respectively. These results provided a kind of scientific
g grity rep p yp p

evidence for the state of environmental health in these lakes that could be used in sustainable management. Finally, the

applicabilit} of the modified IBI to identify disturbances and the suitability of this method in Chinese inland waters management

were discussed.

sustainability and adaptive resource utilization in China.

Key words :shallow lakes; middle Yangtze River; biological integrity; IBI
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Table 1 Maetrics of index of biotic integrity modified by Fausch
B 1 & 5 4> FR #E Metric scores criteria

Attributes Metrics 5 3 1

1. B eI K¥ Total number of native fish species
2. V85 R} A A B 28 B F B [ Species richness and

composition of Darters

3. WHABHRALKYMALE ST FE Species richness and WG X AW H KD, #EHEE, ot 1~5
Fh A L5 1 composition of Suckers ) PE 43 #7 HE Exceptions for metrics 1~5 vary with

Species composition 4. A PH 8 Bt fa 25 fY Fh 25 B M B B Species richness and ~ Stream size and region

composition of Sunfish

5. T2 HERAERRA L ®E E Species richness and

composition of intolerant species

6. &K PBB A% E L# Proportion of Green Sunfish <5% 5% ~20% >20%
BRGH 7. AL R LA Proportion of Omnivores < 20% 209 ~45% >45Y%

Trophic composition 8. BREHALKKEHEH# Proportion of Insectivorous >45% 20% ~45% <20%

9. &K KL R L Proportion of top Carnivores 5% 1% ~5% <1%
ﬁﬁﬁﬁiﬁﬁﬁ 10. BEAXR P 1EE B Number of individuals in sample EMﬁﬂ%#ﬁ&J&ﬁﬂzm EXCE[.:)IIOHS tor metrics10
Fish abundance vary with stream size and sampling methods

d diti : .
and condition 11 ‘ﬂiﬁ%iﬁﬁ"ﬂiﬂﬂﬁﬁ kv, /] Proportion of hybrid o 0% ~1% 10
individuals |

12. BPEERHMMINE R ENEREE L H Proportion of

individuals with disease, parasites, or other anomalies

04 ~2% 2% ~5% >5%

2 £VEBUEFENS REE

Table 2 Classes of biological integrity and their attributes corresponding to IBI scores based on the sum of 12 metric ratings

IBI ¥t {H IBI Score 9 4F Attributes SRS 2% Integrity class

HMMEREALN TR KHBEXRE ARADMARERS . TAHEEANFHE, GFEHZ
HRENHEREE.HEEREWERR: FEHHOEBEREH B KR A MG E BB
58~ 60 & ; % /> 8% ¥ A 5] i# # Comparable to the best situations without human disturbance; all &% Excellent

regionally expected species for the habitat and stream size, including the most intolerant forms,
are present with a full array of age (size) classes; balanced trophic structure

BT SHRENFPRBE R, MAEFRETHEE, FEMERER . FREW MK/
ETHEGFHE; EFEHERHEEME RS, BK DK R F 38 R R 5| #HRp A
48~52 1 i % & 1538 & 1R Species richness somewhat below expectation, especially due to the loss % Good

of the most intolerant forms; some species are present with less than optimal abundances or size

distributions; trophic structure shows some signs of stress.

HEEAHRENN,. B - HZHEENRRER.BOAOMLMETNIRE TR ZRYHEM
MR ERNEERENRIEERETENTABRRETREBERL. KRR
40~44 BMPEFH MR ERE T —BRAKE: I H#HRNEGEE B EF Signs of additional —# Fair

deterioration include loss of intolerant forms, fewer species, highly skewed trophic structure ,
older age classes of top predators may be rare

DR, TR A R LR TR IR O MK B B R B S M R AR
RO TRARE  FEBK R ERRERSIE F I XA RINBRBER MR,

28~ 34 B¢ & Dominated by omnivores, tolerant forms, and habitat generalists; few top carnivores;
growth rates and condition factors commonly depressed; hybrids and diseased fish often present
BolAMAEZH RO MR . ARED  RARETNEBREE, R E R FAE R 45
12~22 AP ETIHE S BHMNMES L BIIB B Few fish present, mostly introduced or tolerant forms; & 2£ Very poor
hybrids common; disease, parasites, fin damage, and other anomalies |
HH KA, B A M 1 Repeated sampling finds no fish ¥ A 1 No fish
2 &R

2.1 KL HERAKBIES A H NIRRT
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Table 3 Number of fish species in different families in the middle reach of the Yangtze River

EY R RIEIR (R ).,

At

Families

KI$if
Middle reach of

il i
Wuhu

DL

Honghu

R %W

Baocanhu

7R 13
Donghu Sanhulianjiang

=WETL

Yangtze River

1978

1964

198

1

1993

1998

19

92

1992

1992

1. 838 Acipenseridae

2. 838t Polyodontidae
3. #EF} Clupeidae

4. {8l Salangidae

5. ARl Arguilliidae

6. 88l Cprinidae

7. BB A &l Catostomidae
8. -4k Homalopteridae
9. BBl Cobitidae

10. 828} Bagridae

11. &k #ff Amblycipitidae
12. #5%} Siluridae

13. 8k Fl Sisoridae

14. 8 F8 ¥} Clariidae
15. F#El Oryziatidae
16. 4B} Hemirhamphidae
17. 8B Synbranchidae
18. §§Ft Serranidae

19. 3E#G Bl Eleotridae

20. iR IR Bl Gobiidae

21. 3L R Belontiidae
22. 8P} Channidae

23. |8k Mastacembelidae
24. #F Teraodontidae

2 0

— L LD b
— L L k=

W~
»

S W S S SRS o T 7 T T S S U S Y e S o T e TR Vo S T W S

T T - St B . Y < T S S S Gy W U S N S

ket et et = B ODS = e = O OO N O WO

0
0
2
2
1

4

4

0

—t et O

Qo
it

L T R S S R T R = S - T S S o S oV S U R oo

0

S N O

0

R R o I - L = T == TR~ Y v B ¥ S o S o S B < & S o BN N T Y e’

0

—_ O O O

A

O o kW NN D D O N RO O

0

_ O O O

e
g
Q0

= e i A B = E o T v S - B o B S e = R e

S YO

o
LA

O = = D) PN W e = e OO NS R WO e

k¥ Number of species
Bl % Number of families

00
-]

121
24

Do
-

-"‘H]
o

[—
N

= N
o0

o
-
(=)
-

i
(o)
-

NN
—t A2
O 00

[ = )
-1 O

2.3 KUIPWEKBIBEDSCEBENB L

HERAZE 1964.1981.1993 4EFT 1998 4E4% 4 A [F 4848, IBI -
EMEBRBZLTHRNEE KB T ANLEZRINE K
AT [y HOBE, AR L B0 L AR N = T K
R — M, T R R A2

= R A
3 i
3.1

- 1 YLK

IBI 5 A 2K & 3 X /K 5 A 9y 50 & 1 52 Wi B9 PF 1

£ () IBI -

P HI R A

LRI 2R T KER A
B4y 9% 22.28.38 F1 42, HH

B

1 5 B K 18 4

BAK IR R 52.40.28 F1 26, X R B4
=) ST B

PR B B

CF S L 1992 £

B EFRNE . — B

R B R RO

Y e B RIABE BN

YRR ER (GRS,



12 A & HF -RKILFHEERKEHEYSEENSZEN 2765
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MABA KRS S Y EEERBH OB EFELHBER , LR EERA RSN ERESLTEYE
i, AR T EH AN RKIPICFE:ONAARENFERAERMNMESNENBRR LU EEAYRBEENEENAEER T,
7] B, LS X B Xt 7K 37 58 B B £l AR B S RO PEAL , N £ 28 Fe v b B TROIR 1 A B A A O Y R D
x4 BEBEKIDFRAKNBE IBI fEfHREF
Table 4 Adapted IBI system to shallow lakes in the middle Yangtze River
== ey S 4 ¥R HE Metrics scores criteria
No. Metrics 5 3 1
1 FhE B b BB E BT LB (% YNumber of total native fish species =>60 35~60 <30
2 Bl AP 2K B EH 4 1L (% ) Number of species in the family Cyprinidae <45 45~60 >60
3 BB} 1 B T 4 H (%) Number of species in Bagridae catfishes 2~ 4 4~6 6~8
4 2R AP AT 4 EL (% )Number of species in the family Cobitidae 2~5 6~8 9~12
5 BWHEHEHFEE KA R Number of families in commercial catches >18 12~18 <12
6 M (R FE ) B * (% )percent of crucian carp individuals 7% ~22 23~38 39~54
7 ZeBr vk B BB L (Y% ) Percent of omnivores individuals <10 10~40 - >40
8 EMsh AR EE H# (% )Percent of insectivores individuals =45 20~45 <20
9 1] AR E B (Y%)Percent of carnivores individuals >10 5~10 <5
10 AL FE & (kg/hm?) The unit yield of fish >100 80~40 <40
11 K AR = 32 AMA B9 EL 81 (%% ) Percent of hybrids 0 0~1 >1
12 B Gy e 55 AN B B B 4 H B (%% ) Percent of anomalies in the fish assemblages 0~2 2~5 =5
HMAEAFRP ISR A TEEHTFEE, KRBT A £5 KiIhERAkMEEMEBEENHNSERL
215 =0 i B B 2 3% hy Xk BAESEXNEEEBEMNIN Table 5 Classes of biological integrity for shallow lakes in the
B, 3Xfh AKTENHLEZS W, A RE 8 — B 7K 3538 W5 W) 5 bR middle reach of the Yangtze River corresponding with values of IBI
i ] " . ] B W RE  SWEL
KRB TARFEBESFHBI, RERKREND T ERHM i) Honghu Donghu Baoanhu Sanhulianjang
%4, RF XA Bl B¥EYr B, A 68 B U ) 75 Hi & 2R [a] &1 Metrics
X - . s : 1964 1981 1993 1998 1992 1992 1992
> B, BL 1990 4F 4 B1. 36 A 452 A 0 = A O AK 560 19811988 1958 1
IBIHMER, FEKIPHFERKBREY CEEH T B 2 5 3 3 5 1 ! 1
i AT AR AREIS X AKBAETRGE W T, L X 2K ik 3 3 3 . 1 : 3 3
HFRENNEERR. ZHEIAERREERR N EH, i 2 ; o 1 2 2
AAEZRAKRILA . MHBFEFRGIK.REFSKILRHF 6 s 3 1 1 3 3 :
MEE . A Y EBHAERBRET ALPBREREEHERD 7 3 3 1 1 5 3 3
RFHARTH . EEBEBRWB TR A BEOER 8 9 g 3 . 1 3 3
i 4 5 DR A EL A AR I K T L EL Bl T A 2K 0 B JE A oo 2 2
ﬁ%ﬁﬂaﬁ*:%mﬁﬁﬁg%ﬁmﬁﬂaﬁﬁﬁ Ffﬁﬂmﬂm%&b“ 11 5 5 5 3 1 5 5
AXFEHHNBHZ T .CEAAREFERETRANF A HM 12 5 3 3 3 1 1 1
MWIBL W EiF M KA R BBRE. X2 R FEREFHN IBiBSICfiS a0 28 26 22 18 '
. EYERESR ¥ O —-& 2 2 BRE & R
3.2 IBI &84 My £ UL R 72 3 E 89 b A B &= Integrity Classes Good Fair Poor Poor Very poor Fair Fair
REZBEESRERESWELIHFL RELRBBEIEN
FFEEM KR E AR EEHNBEESTHERTERE IBIIENMESREN ERSHEHEMY . SEHARE SR FRF
AR AT RABEREKYSE T EERE N BIERER . ETTITARAEH . (DRERKAXHEREZ  BHTFIERE . &
KBRS ENEDEENAGEREEZES SEBAMWIRE; OAFRKEEAFRNHBREMBARDRITHERS . BRTIHE
AR EEYZBERSTHUNEE. BTRETEEEREAERAFTHELSHNRRE  SEFNESLEEE - RAHE
Y EM S RS ERAETREE T IRE X2 IBI X RIEEME. Seegert KA, B TR YN EEMERNEE.SE X
J&& BB i B ) § IBI Ftaik £,
Kiihif X IEF A 24 B 121 . EAF R B ER —RHEKE+ . 1978 FELBMHEAFEESRR . BiFR
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