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Locations of sampling sites of the Heihe River, Qinling
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Fig. 2 Ecological guilds of the fishes in the Heihe River, Qinling
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Tab. 1 Species composition of fish community and index of relative importance in the Heihe River, Qinling

YrFh IRI
species 44 full year #Z spring K Z summer #Z= autumn 475 winter
Y fE Brachymystax lenok 0.0578 0.0454 0.0590 0.0551 0.0829
21 FE R Paracobitis variegatus 0.0133 0.0083 0.0173 0.0076 0.0265
IR EL W B Triplophysa minxianensis 0.0094 0.0096 0.0116 0.0086 0.0079
rRAEFERK Cobitis sinensis 0.0001 / 0.0010 / 0.0003
FiF#% Phoxinus lagowskii 0.5559 0.4978 0.6049 0.5500 0.6043
rh e st Rhodeus sinensis 0.0009 0.0002 0.0032 0.0004 0.0008
= Ay Rhodeus ocellatus 0.0002 0.0000 0.0015 0.0001 /
# Hemiculter leucisculus 0.0342 0.0226 0.0498 0.0252 0.0471
R34t Pseudolaubuca sinensis 0.0004 0.0009 0.0008 0.0003 /
F 140 Pseudorasbora parva 0.1019 0.1479 0.0531 0.1264 0.0742
SRR Gnathopogon imberbis 0.0156 0.0199 0.0171 0.0205 0.0060
et £ Abbottina rivularis 0.0020 0.0042 0.0014 0.0043 /
LW i Varicorhinus macrolepis 0.0258 0.0173 0.0363 0.0375 0.0178
il Carassius auratus 0.0058 0.0093 0.0014 0.0103 0.0040
fi Cyprinus carpio 0.0153 0.0141 0.0320 0.0166 0.0014
fifi Silurus asotus 0.0033 0.0022 0.0184 0.0008 /
il Pelteobagrus fulvidraco 0.0006 0.0008 0.0022 0.0002 /
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Fig. 3 The seasonal variation of the diversity indices of fish species in the Heihe River, Qinling
S: number of species; H': Shannon-Wiener diversity index; J: Pielou evenness index; D: Margalef species richness index.



5 8 1]

RIE S S SR R Rl

B S LDy s 28 Al

1215

75 NMDS 4 i B I 25 R 2AT R AP nl {5 B (& 4-
Kl 5). AR nT il ok 3 A HEk, H
BB ARAIERE T (1. 2. 3 5RFEHR), BEK
I (4 5RFEE)FIBEETI(5. 6. 7. 8.9, 10, 11,

12, 13, 14,
20
40
60

80

FHBIHE/% similarity

100

N B [\
S (=) S

AR/ % similarity
3

100

w1 (1,2, 35 RFER), g6, 7. 8.9, 10
SREES)RBEE (4. 5. 11, 12, 13, 14, 15,
16 5 RAES); BEOREIERE 1. 2.35X%
FER), MK 6. 7. 8.9, 10, 12, 13, 16 =

15, 16 SRR, BRMOABEIER  RESOMBEEN(E. 5. 11, 14, 15 5 RN, &
_ %7 spring 20 E 7 summer
1
2
- m g 40 + M 11§
:
L °\° 60 L
#
L ’7 % 80 L
L 100 -
213 451115141213 6 816 9 7 10 12396 7 8104 1311121516 5 14
SKkE A5 sampling site KKk 55 sampling site
i FkZE autumn 20r I A7 winter
i M
= w o E el i
I E
L ;\2 60 L
g
L f‘% 80 L
_12316121389671041115514 _21368945710141112131516
SKHE 5 sampling site FHE S sampling site
Bl 4 ORIE) Z05 R A S A0 2575 Bray-Curtis R 2[5l

Fig. 4 Seasonal variation of Bray-Curtis cluster of fish species
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Abundance biomass comparison curves of fish in the Heihe River, Qinling each season
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Tab. 2 Historical overview, distribution and ecological types of fish speciesin the Heihe River, Qinling

okl

species

A SRR

ecological type

AL distribution range el 5 B 671

PEIX B reservoir U BL upstream  survey period

ft:JZ H Salmoniformes
8l Salmonidae
#:V B} Salmoninae
1 4nsf: Brachmystax lenok
#1JZ H Cypriniformes
Rl Cobitidae
%Ml Noemacheilinae
2 £1 2RI Paracobitis variegatus
3 IR B R Triplophysa minxianensis
LS FL Cobitinae
4 HEJESK Cobitis sinensis
5 Jefifk Misgurnus anguillicaudatus
iRl Cyprinidae
#V #l Danioninae
6 D146 Opsariichthys bidens
7 vitgfE Zacco platypus
8 rhfE4itll Aphyocypris chinensis
MR ARl Leuciscinae
9 Hi K% Phoxinus lagowskii
10 FLICHER f Leuciscus waleckii
56 Rl Acheilognathinae
11 H4E#EE; Rhodeus sinensis
12 E R4 Rhodeus ocellatus
13 B4 A2 8% Acanthorhodeus taenianalis
14 K g H %65 Acanthorhodeus macropterus
15 MY EE%  Acanthorhodeus chankaensis
16 %A1 ffl Pseudoperilampus lighti
#AF AL Cultrinae
17 % Hemiculter leucisculus
18 4R Bl Pseudolaubuca sinensis
fifi \F & Gobioninae
19 J§#% Hemibarbus labeo
20 1 Pseudorasbora parva
21 B AE#R Sarcocheilichthys nigripinnis
22 FE RN Gnathopogon herzensteini
23 PRI fTZNf  Gnathopogon tsinanensis
24 JE W Gnathopogon imberbis
25 PUIBRZifi  Gnathopogon sihuensis
26 #4{Efm Abbottina rivularis
27 W& 1ffl Huigobio chinssuensis
il P&} Barbinae
28 L4 it Varicorhinus macrolepis

D, De, C

V, De, P
D, De, C

S-p, De, O
V, De, O

V, De, C
V,U,0
V,L,O

V,L,0
V,U,0

V, De, O
V, De, O
V, De, O
V, De, O
V, De, O
V, De, P

V,U,0
V,U,0

V,L,O

V,L,O

V, De, O
D, De, P
D, De, P
D, De, P
D, De, P
V, De, O
D, De, O

+ + yaNe)
AN
+ Ao
A

+ + Ao

(¥4 to be continued)
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(8232 Tab. 2 continued)

YyFh A AR A JE R distribution range A B 067
species ecological type [ XA B; reservoir b BL upstream survey period

G R Schizothoracinae
29 ML E JF 1 Gymnodiptychus weiheensis
#3F ARl Cyprininae

30 i) Carassius auratus

V, De, O

V, De, O
31 ## Cyprinus carpio V,L,0
fifij2 B Stluriformfs
fifi Bl Siluridae
32 fifi Silurus asotus
#£F} Bagridae
33 #ifn Pelteobagrus fulvidraco

V, De, C

V, De, C

H Synbranchiforms
At faFl Synbranchidae
34 Hihif

#% H Perciformes
IR AL Gobiidae
IFEM AL Gobiinae
35 Hillk g £ Ctenogobius giurinus A

(1) DTk OE; V-ZhHEO; S-p- itk on; U-f B2 L- FJZ; De-Jiihli; C-PI M O-24 &tk PRI M & 1k )+ 3R 401
(3)“A7FRIRAE 1980 AU A HoRGE; “o R RAEA U £ (2010 AR HOREE.
Note: (1) D—deposit egg; V—-viscid egg; S-p—semi-pelagic egg; U—upper; L-lower; De—demersal; C—carnivore; O—omnivore; P—planktivorous.

(2)“+” refers to the species was in distribution. (3)“/A” refers to the species was collected in 1980s; “o” refers to the species was collected in
this survey.

Monopterus albus S-p, De, C

V, De, C

R3 FRETAAESEBEBLMEARETN

Tab. 3 Variation of fish species composition at different ecological types of Heihe River, Qinling

$eb FEUR2EA spawning type HE H A vertical distribution ¥ FE45 4 nutritional state Bt

indicator D \V2 S-p U L De C 0 P total
1980s A3 Fh A% 7 25 2 3 6 25 7 21 6 34
2010 4R A KA AEHL 3 13 1 2 4 11 4 11 2 17
1980s—2010s A7 Fh %k 3 12 1 1 4 11 4 10 2 16
1980s—2010s FiZE AR 145 44 0.43 0.46 0.50 0.25 0.67 0.44 0.57 0.45 033  0.46

e D-UUEDN; VLD, S-p: I EEIN; U—p L2 L0 T2 De- i, C-A & H:; 024 &t P i B,

Note: D—deposit egg; V—viscid egg; S-p—semi-pelagic egg; U-upper; L-lower; De—demersal; C—carnivore; O—omnivore; P—planktivorous.
R SEA AR, BT B 2R AT Y 7 B 12 38

Bl28 @, Wi 5B R 168, AR d kR
KRN 18 Fi 2@ 14 N E, Hrpshy Rl &

3 itig

31 BSEBFELEMIRK

AR5 3 1 A AL R BRI R 1 2k 17 R,
3 HSE 168, XTH L ek RmE, RibH
2RSS F B e A A AR Ak

e, YR SBORIR W, R
PETRRIE . 5 20 th48 80 A CAH L, 2y a2k
YRR T 50.00%, FPEFLIPEFEEUA 0.46,

i T R AN R S0 13 Fh, S HA a2k
Vb i E AR AR B, AR B 6 5 R R 2 2
TRE, XGRS 2 AR TR

HK, RS RER R R R, A
RIS A R S R G R BB Gy, R A R A
R BB S T 7K AR S RS i R 22
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AL 20 80 4FAR, Z U4 Rl 0 2 vp 5 i K M
s, g . CREEHR I8 ) #E R A (Gy-
mnodiptychus weiheensis) %5 i 25314 4%, & ## /K ok
oK, g, B BRLE 2P G YR )
L Tb o PERE U AT BR A £ i L 6 P G
B 94.12%), AN 1 B ok O A a2 s
oA B 2R, AR E A ke AN e | R
HEn Rk 4 RN bems, ZearEm2t S b
TE, kIS TR TR A
32 ERMARS SHMEST

A5 PR A RV R R B T TR 2
AsAk, AR RO E AR, R &
2T 52 ) kR et 00 200 S /N SO T, R R
KEFIANAT Z B0 0, Akt | B0 4E/ DROUL
Tt Z W50 fa 7R B TE RIS M X A i, R
T R B AR , HARBEE hAR m D
(182 FB), FKERL 208.4 g, 1AK 232 mm., ZH
gtk (L % 11 AR S AT 58 TR 3R 0 250
B, kBN 158.3 g, KK 230 mm, 5%
BHH AR K 4% T 100 mm A E7 288 4R 40
S R L I g 2 Bl A, AN [R) 2= bz EG g 2 ok
g, ZEFE A0 T BT R P 34T, 1
DLV AR S FR a2 i st sk e i, %
Uy ZEL ] £ 25 S B AR AL 3

4N ABC thZR 23 b th S BUAH LS5 51, ZE04 21
R R BT B LA I R m T &
PSR 2R, 7 EC g . A2 T A0 Fn 2 S5 Fh 28 HE 4 i
H, Y E R i h KA R R RS, &
U4 S 0 R VR B4 TR E TR . fEREE S
SV R, WA SRR SR E, TR 41
N PNGEEE BN NN R = - M R S
(RFN  EBPOWEE, BajrbB S T3 5 17
FE, VT B VT SRR R A ARt SRR 4
/NI | AR AR AR A fag At 2027

AR ZREVERRIE R R, IR KPR L
R EREERR R A, 2R B FE R R
Ft, R R R E, A 2R R RS X
FU ZR 04 S AR PR S AL R e, KRB
RKIrBFEBHATEN, 23K ER, TEEHE
WEMH, UL PREREZE T IR, B ILIXOKIRT

RO &, DA SA F R RETEREZ TR
33 BEERXEBHHIFMESN

EEL RIS NMDS /g5 1 nl LIGE H, %
A DLV 71 2 S [i] 245 1 A 0 TR YA L T )
B, Tdlorh 3 AN, Hh 1, 2 M3 5%
FESIRAIATRES [, 4 & 16 SRS THEE
TURNTIT, 22 B0 4 e A R A

WA S RGO TSGR A AR R
78 Hezs 1a) et a) b i % ge R 2, kR T AR 15
20 R g M v R RN, TR BN A
IBEAR AL ™ R T IR AR, R DL
[ N AN A S AP 2R BT 1996 4E T Uf 7E
T A K, 2002 AEEE N, T AR B
A SR 2 B KGR , E 8 K T i) B
KARGRAK, 20 FARES; 7K R XY ) e
AKX 3 AR 13 2 4 KA K T 2, SR e 43 ]
B, ST JROAT A M AR, AR S R R
WetieAk, Mo B 2R VR o0 A 1 R ] b DX PR 22

X A AR Z 05, K SR8 Bk T Ak,
A B ok n a2k (R R Bln b
)2 v AR X, SO N 7 VA AT B AR T
WEE, RO AIFEE L, HAMEALE
HooKaEOK, FILEE T 24em 1 £ 3 SR
SR, KIE LU BO e AR, MR AR
B K LT ARG, 254 £ I A b 4 8 e () 2
K 0 2 )t DR A B A AR Ak, AR AR R T BETE
ARV A P R BT 5 5 R AR AR i R B
PR IHE AN ) 254 A e 9 0 T 4 ol i A A Ak, {HK
AR SRt TP BE R 4 3 16 SR ke S 4, Horh
45 REE SR TRE D, ER S B
T4 TR 5 B R SR T (ALK 43%
T 50%), 3% A B A N 4 5 oRAE S BB IS RS,
RS2 AR F K PE AN B i) B sS4k, Sy Az b
R B AN TE AL

LEANS, AR ERPZE 30 ZEHA, &
WA PR K A A IS A BT B R, AR AR
Sk, HRPREZE R kA R, Bk Ay
TR T B, KREUE R T K R X R
We 7R B g, MiE AR ERREK, fa
SRRV X IO A A7 AE B S 0 2 ) S e . iy
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Current status and historical changes of fish composition in the Heihe
River, Qinling

BIAN Kun', ZHANG Jianlu', GOU Nina', JIN Tiezhi', GUO Linwen’, WANG Kaifeng'

1. Shaanxi Key Laboratory for Animal Conservation, Shaanxi Institute of Zoology, Xi’an 710032, China;
2. Ningdong Forestry Bureau, Xi’an 710100, China

Abstract: As the main source water supply of Xi’an city, the aquatic environment of the Heihe River directly
affects the stability and sustainable development of the city and its surrounding area. To analyze the fish
assemblage characteristics and historical change of the Heihe River and reveal the effect of ecologic environment
change on fish assemblages, a field investigation of fish assemblage was carried out in January, May, July. and
November of 2018-2019. A total of 7020 individuals from 17 species were collected, belonging to 16 genera, 5
families, and 3 orders. Cypriniformes were dominant, accounting for 82.35% of the total species. Regarding
ecological guilds, fish egg sticky, omnivorous, and demersal species dominated the Heihe River, accounting for
76.47%, 64.71%, and 64.71% of the total species, respectively. Dominant species were Phoxinus lagowskii
(IR1=0.5559) and Pseudorasbora parva (IRI=0.1019). The number of species (S) ranged from 12 to 17, the
Shannon-Wiener diversity index (H') ranged from 1.55 to 1.88, the Pielou evenness index (J) ranged from 0.56 to
0.66, and the Margalef species richness index (D) ranged from 1.54 to 2.15. Meanwhile, the fish biodiversity index
reached its highest value in summer. Through cluster analysis and anon-metric multidimensional scaling analysis,
it was shown that the fish community in Heihe River could be divided into three groups, I-III. Of these, Group I
was composed entirely of fish in the Jinpen Reservoir and Groups II and III comprised fish in the canyon
environment. The k-dominance curves of abundance were above either of the biomass curves, and the W-statistic
values were between —0.146 and —0.181 in four seasons. In addition, compared with the historical data, the
similarity index between 2010s and 1980s was moderately dissimilar (0.46). The results suggests that the
community structure of fish species in the Heihe River, Qinling, has changed significantly. Artificial drainage
system construction and habitat destruction are potential underlying reasons for the observed shifts in the fish
assemblages.

Key words: fish assemblage; ecological type; historical changes; Heihe River
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