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Fig.1 Location of the sampling stations for fish resource

surveys in the Heihe River, Qinling
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Tab.1  F-IBI score classifications and attributes

based on the sum of eight metrics
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I BRI SR A B, R R R AN
58~60 AWIEIMBGFZ, WGP G R REE W
TE AT 5 i 2R 2% M 40 28 il
1552 £ SR04 21 AR T IR S T, R 8 B i
T BB A0 2 B L T, R S L
AR TP — R, SR S LU gk &
10— 44 T, w5 2 b T A TS a2 L ) L
R TR A P R e £ S L )
TR,
10 P 2 B T G I G vs /L, KR} £ 2
28~34  flFsE LTt R 2 BT R A &, R =
V5 0 28 LB R B A IR VS A
i1 8 2SR B Uk 2>, SRR £ 25 Lb 48] K iR
12~22  LF R EEal e plRm|m, B e mE
0 2 He ) 3 G
0 WA A RBI M, WA i

R4y Herh i s s 7 A, b a2 R Y 20.59 %,
IR V5 s 12 F, b 2R 35.29% , HE 3R
g RS oy P iR AR Y e 2k 6 R b 2k

A S = £ R O LI | R < L )
17.65%.20.59% .61.76 %,

1990 4RI St a2 18 Ff, Hop I H 1 BL 1
Fir 889 H 2 BF 14 B 65EH 1R A, SR E 1
BT AGHTEE 1R A, $Em SRR s £
25 3 Fl, 5B R RO 16.67 % RIS 25 5 Fl, b
AT 27.78 %, HEFREM R4 IR AEY &
P2 2 R NP S 6 B, 2B MEfmS 10 Fh .4y
) A AP R 11.11%.33.33%.55. 56 %,

2018 4EFL I A B 17 FhL B H 1B 1 Fh,
B H 2 B 14 B BUEE 2 BE 2 B HRE 2 M
TG s 6 F, 5 SRRy 35.29 %05 I IS
F5 M. 2941 %, HEFREWR G, RIFEYE
P 2 Bl NP 4 Fh L v b fm 11 AL 4y
S 7 R 11,76 96.23.53 %0 .64.71 % (5& 2)
2.2 =S EARIE F-IBI 35 ERiE E R IR (E

%% M L CHk (Karr, 1981 48 3 F1 % &1 .
2004 s RHEE,2012) , [F] I 45 45 2 04 BRI 3t 3ol 2E 2SR
RLIERE 18 MRS bR (4 )8 4 29, Lk 3,
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Tab.2 Taxa composition and ecological guilds of fish in the Heihe River, Qinling
B4 K : Hf
1980 4% 1990 41X, 2018 4F
&£ B Salmoniformes
fi: Bl Salmonidae
Wit Brachmystax lenok D, C, De + + +
@72 B Cypriniformes
kBl Cobitidae
2L B RIS Paracobitis variegatus V., P, De + -+ +
IR B8 Bk Triplophysa minzianensis D, C, De + + +
B L] Cobitis sinensis S-P, O, De + —+ —+
Ytk Misgurnus anguillicaudatus V, O, De + +
A} Cyprinidae
I [0 4 Opsariichthys bidens V, C, De + +
et Zacco platypus VvV, O, U + -+
AEAREY A phyocypris chinensis V., O, L +
P Phoxinus lagowskii VvV, O, L —+ + -+
FLIRHER 0 Leuciscus waleckii VvV, O, U + +
i AE e Rhodeus sinensis V, O, De —+ —+ —+
R EEE Rhodeus ocellatus V, O, De —+ —+ +
BEZ N BE 8% Acanthorhodeus taenianalis V, O, De +
KAE R 2 8 Acanthorhodeus macropterus V, O, De +
DL 9% i Acanthorhodeus chankaensis V., O, De +
KA Pseudoperilampus lighti V, P, De +
Alfr)f Hemiculter leucisculus vV, 0, U + +
By Hemibarbus labeo VvV, O, L + +
I Pseudolaubuca sinensis vV, 0, U +
F A Pseudorasbora parva V., O, L + -+ +
M fi fisg Sarcocheilichthys nigripinnis V., O, De +
BB Gnathopogon herzensteini D, P, De +
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Bk 2
oo 52 : el
1980 4-AL 1990 4E 4L 2018 4F
Br R Gnathopogon tsinanensis D, P, De +
S Gnathopogon imberbis D, P, De + + +
PEW S0 Gnathopogon sihuensis D, P. De +
HEAE AL Abbottina rivularis V., O, De —+ -+
BRI Huigobio chinssuensis D, O, De +
LWt Varicorhinus macrolepis VvV, O, L + + +
WM E B 1 Gymnodiptychus weiheensis V. O, De +
8 Carassius auratus V, O, De + +
# Cyprinus carpio V, O, L + +
5 B Stluriformfs
i Bl Siluridae
it Silurus asotus V, C, De + + +
#%F} Bagridae
Wit Pelteobagrus fulvidraco V., C, De + +

&8 & B Synbranchiforms
4 4 R} Synbranchidae
i Monopterus albus S-P, C, De + +
7% B Perciformes
fi jE Rt Gobiidae
i 2t Crengobius giurinus V, C, De + +

D, UUESN s VB PLiEdEe PTG ; CoAEYE; O e |t:; POl EH,; U, B2 L FE; De, JEM.

Note:D, demersal egg; V, viscid (adhesive) egg; P, pelagic egg; S— P, semi-pelagic egg; C, carnivore; O, omnivore; P, planktivore;

U, upper water level; L, lower water level; De, demersal.
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Tab.3 Candidate indices of fish community integrity and their corresponding values in different periods of Heihe River, Qinling

& 1 & 38 At R 75 1980 4E1X 1990 4EX 2018 4F
16028 BFp 250/ Fh M1 34 18 17
2. BER S N B RECE 4 L/ M2 2.94 5.56 5.88
3R 028 o5 SRR 2B S Lk / Y% M3 11.76 22.22 17.65
K 4R S G B EEOE At/ Y M4 73.53 55.56 64.71
4 5.0 Rk 28 5 B EOE S 1/ Y M5 2.94 5.56 5.88
6. 2% Bk 17k £ 28 o A/ i M6 2 2 2
il 7 A 0 K B M7 2 ) )
TR 8.7 5 46 T B £ 2 Fh 5/ e 2 2 1
9. fi g 7 k£ S D K/ o M9 6 2 2
10. ) S} £ 2 Fh A/ Bl M10 9 3 3
1168 0} £ S FhE/ B M11 1 1 1
— 2. Tt 5 f.28 o BAPSBE A0 L/ 0% M12 38.24 27.78 47.06
13K V5 a2 iy SRR ECE At/ %6 M13 35.29 27.78 29.41
. 4TI E Y a2 i B ECH S e/ % M14 17.65 11.11 11.76
- 15. A E MmN SR REAE /% M15 20.59 33.33 23.53
- 6.2 fr P4 25 1 RN 2SO S He /% M16 61.76 55.56 64.71
AR5 17,503 t8 7 i /kg + hm™ M17 / / 1.31
it e AR 1L 18. W4 JE | & 0 AR B 43 L/ % M18 / / 0
Wil J5 4% B8 O BB A v X i BE 48 bR HE 4T 1 0 2R Fe bt 1 A B
M2.M5 .M6.,M7 . M8 Fl M11 i 6 ik F8 5, % o e o 2 U8 PR B F-IBI AR R 8 AN 46 Fr -

FEAE AN X PR 22 B0/ T 5B BR s M2 g8 bl £ 8 SRk M BB £ 28 oy Bl M7 73 LU R £
T MY bR, MI3 f8 b L& T M10 4545, H F b SRR ECE O e S 2 s B R RO Oy
B 5 BRI AR br SO R MO A M10 31X 2 > ik AN N REE TS A (E R AT S ida 7/ F g i}
PR s M7 A M1S OB D7 s 8l Bk = L X 2 i 2R SRS BE ot A PR AR B B0
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ASTR] R 391 25 1 R ) 9 3, 1BI 45 A5 L IB1 45 43 Fl
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B F-IBI 8204338 18 43, S G “ M 2275 2018 41
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Tab.4 Weighting of F-IBI metrics in Heihe River, Qinling

[E1

J& T 1275 i 7 T ﬁ:%{ S

M1 1. 68 2 SR 28 5/ Fib <23 23~28 =28

o 28 20 R M3 2 8RR 28 5 BAEECE e/ >18.74 15.25~18.74 <(15.25
M4 3R 25 B RBOE A L/ % <61.55 61.55~67.54 >67.54

s M12 4G 2 SRR A/ % =>40.63 34.21~40.63 <34.21
Sz M13 5 IRTH V5 f 2 5 AN 2B 4 1L/ % <30.28 30.28~32.79 >32.79
M14 6. U AR B PR A0 2 5 R R BOE 4y ke <13.29 13.29~15.47 >15.47

L M15 7R B 2 S R ECE A L/ % =>29.08 24.84~29.08 <(24.84
M16 At b AR H L/ % <(58.61 58.61~61.66 >61.66
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Tab.5 F-1BI scores for Heihe River, Qinling in different periods
N W B o .
Sl M1 M3 M4 M12 M13 Mi14 M15 M16 it IBLAT  IBL %2
1980 4EAL 5 5 5 3 5 5 5 5 38 57 i 4
1990 44X 1 1 1 5 1 1 1 1 12 18 e 2
2018 4 1 3 3 1 1 1 5 5 20 30 =
3 W TR A R i il » N 283 20 W S 385, JEE B2 - 4L

FEAT I ) 0 S A W e R PR A 20 4D 80 AREAR
DLk AR B R RS AL i 80 ARAR R “BR B IR R R
JHRTCZEIRE . AR A 2018 4 Z 15 B i
Bl S RN EL 17 B, KA 20 22 80 AEARERHD
B2, 2 b TR O OKIE B R RE

Pkl BARAE S0 R RV Z2 th A28 sh 5] i
Fhy o) R B8] 40 TR R K T TS Y o R AR L R
XA A S R G = A R, N 5 B e A 7
BT B A o Bl It 3 v £ 28 T I 0 R RE 25 6 (U I
FEHEL2009) K I St ] 9 7 A B R A A T
Bz — U8 T K AR AR S R G N 2 AR ) 50 3
e W 5 2 5 (Park et al, 2003), By 4 45K 2
2002 43R TR, 30T I 38 K AR b T 4 KRS, i 38
8RR E & A B AR Ak, D S 38 N U BR B 1Y £
P IA 18] 1 iF AR T KT B RS L H S SUAR ME IS B
T AR R B o [ B 378 20 7K R 2 78 SRy s K AR L (875 B
A B i P R A B Y 2K A A S TR
JE 55 /0N o b B 5 W S 0/ 3 i i B T 9 el £ 2
A SEREE TR RN 22— BT i S AR

T BEL A M R SR B K AT IR X T E
85,2005 5 H L2011 . & RI5 K HE S BOUK AR
35 A AR A A5 T R TS R bR KR B R AL
SRR 25 4 A8 Ak A5 DT 52 i) BB Tl £ 2 SR 1Y) AR A
IBE | kS f0 28 0 B 45 4 R AR ) o8 B M R AR R Ak
R T TAE R R 2 B R A A b B B RS
PR  nsR A B, A AR R S M — B AR AEFA H
WEF IS, B DL Ry 3, X0 Y Ml £ 2 A ) 5
R A 1 BT SBR PR3 L 2 N R £ 2 Cfg) o B
2 AR 2O TE 20 4D 90 AFEAR S Y 1 A bt AR Mk
TLE] 7 L A PR 78 £ 28 b A ) /N R Ak A Y i A
ol ft 45, 2016) , BF Xk b B0, B R 1T A
2004 AF B AAT T AH R A R L B AR B B AR i XA
A Y 3 [ A Sk 52 ST T 1 ] AR R YT I M A S
F AR PR AP XRS5 7K AR B AR S I R 9 A AR I
1K, 00 22 04 PRI SR AT R G0 B AR A, X sk
T it A R0 ) TR IR 2 M a2 IR A AT Sk, Ol SR T
A A Y) SEREPE R IR A B T IR B R A 5
B 2018 4E F-IBI ¥F 4> M8 T 20 42 90 4E
& F-IBI P4 0 (0 L R, A 28 04 ST 38 R
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5% Mk

TR VRN LRI B, 4, 1984 BRI M X RBFITL)].
PR 2 2 R CA SRR D, 20(1) 97 - 115,

ZR5LE, 201 1. 5% 7Y YIS A A 8 o A A I R R FR ) ] T R
X WF5Y,28(6):967 —973.

X B R DR L B L 45, 2010 6 F 40 25 A W) 5 28 PR 45 B
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1-6.10.
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9¥,31(5):531 - 538.
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Ecological Health Assessment of Heihe River, Qinling., Using the
Fish-Based Index of Biotic Integrity

BIAN Kun', ZHANG Jian-lu', GOU Ni-na', JIN Tie-zhi', HUANG Qing-hua®*, WANG Kai-feng'

(1.Shaanxi Key Laboratory for Animal Conservation, Shaanxi Institute
of Zoology, Xi'an 710032,P.R.China;
2.Rare Aquatic Wildlife National Nature Reserve Administration
of Heihe River, Xi'an 710400,P.R.China)

Abstract: The fish-based index of biotic integrity (F-IBI) is a quantitative measure of the effect of human
activity on biological activity, and is a reliable method for evaluating the ecological and environmental con-
ditions in lakes, wetlands, reservoirs, estuaries and rivers. In this study, an F-IBI assessment system was
developed for the Heihe River at Qinling, Shaanxi Province. The index was then used to analyze and evalu-
ate the environmental health of Heihe River during different periods. The objectives of the study were to
provide a reference for evaluating aquatic ecosystem heath in the Heihe River basin and conserving the wa-
ter source of Xi'an City. The F-IBI assessment system for Heihe River was based on field investigations of
fishery resources in January, May and July 2018 and historical data on the fish assemblage in the 1980s and
1990s. Eighteen candidate indices, representing different attributes of the fish community were selected,
based on the fish species inhabiting Heihe River. After screening and analysis, eight indices were identified
as suitable for the F-IBI evaluation system, and they fell into three groups: community composition, envi-
ronmental tolerance, and feeding habits. The F-IBI scores for the 1980s, 1990s and 2018 were, respective-
ly, 57, 18 and 30, indicating that ecological conditions were excellent in the 1980s, very poor in 1990s and
poor in 2018. Compared with the historical data of the 1980s, the 2018 field investigation showed a marked
decline in the F-IBI due to decreases in both fish stocks and species diversity. The ecosystem health of the
Heihe River has been declining since 1980s and the relevant authorities should enhance management of crit-
ical source areas including the towns of Houzhenzi and Chenhe.

Key words: fish-based index of biotic integrity (F-IBI); index-based system; Qinling; Heihe River; eco-

logical health assessment



