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Fish assemblages and longitudinal patterns in the headwater streams of the

Chencun Reservoir in the Huangshan Area

CHU Ling, WANG Wenjian, YAN Lili, YAN Yunzhi®, ZHU Ren, SI Chun
Provincial Key Laboratory of Biotic Environmental and Ecological Safety, College of Life Sciences, Anhui Normal University, Wuhu 241000, China

Abstract; Studying the spatial and temporal patterns of stream fish assemblages and identifying how human land-use
activities impact these patterns are crucial for fish species conservation, ecosystem restoration and management. The
objectives of this study were (1) to examine the influences of human perturbations on the longitudinal patterns of fish
species diversity and assemblage structures in headwater streams, (2) to assess the correlations between local habitat factors
and fish assemblages, and their longitudinal and temporal patterns. We sampled fish at 39 segments during May and October
2011 from three headwater streams of the Chencun Reservoir in the Huangshan Area, which were influenced by different
extents of human activities. A total of 4041 fish were collected, representing four orders, 10 families, and 28 species,
among which family Cypriniformes comprised 67.9% of total species richness. 24, 22 and 24 species were sampled from the
Shuxi, Puxi and Maxi Streams, respectively. Two-way ANOVA was used to test the influences of streams and seasons on
habitat and fish-diversity variables, respectively. Results showed that habitat variables varied significantly across three
streams and in different seasons. Results from the Shuxi Stream showed lower numbers in dissolved oxygen and wetted width

but higher levels in substrate size and canopy cover than those from the Puxi and Maxi Streams, and May showed lower pH
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but higher water temperature and discharge than October. However, species richness, fish abundance and the Shannon’s
index varied significantly across streams but not between seasons. In overall, fish diversity was higher in the Shuxi Stream
than that in the Puxi and Maxi Streams. Results of two-way crossed ANOSIM indicated that fish assemblage structures varied
substantially across streams but not between seasons. The assemblage structures in the Puxi and Maxi Streams did not show
significant differences, however, they significantly differed from those in the Shuxi Stream. SIMPER analysis indicated that
some endemic specialized species (e.g., Zacco platypus, Acrossocheilus fasciatus, Vanmanenia stenosoma) were more
abundant in the Shuxi Stream, while those cosmic generalized species (e.g., Misgurnus anguillicaudatus, Pseudorasbora
parva, Rhodeus ocellatus) were more in the Puxi and Maxi Streams. The results of Pearson’s correlation and redundancy
analysis showed that fish species richness in the Shuxi Stream significantly increased with elevation decreasing in both May
and October, respectively. However, this " species richness-elevation" correlation lessened in the Maxi Stream and even
disappeared in the Puxi Stream. Similarly, elevation showed significant correlation with assemblage structures in the Shuxi
and Maxi Streams but not the Puxi Stream. In addition, the effects of local habitat variables on fish assemblage structures
were examined using linear regression model and redundancy analysis, respectively. Results showed that fish assemblages in
the Shuxi Stream were significantly affected by substrate and canopy, but those in the Puxi and Maxi Streams were related to
water temperature and wetted width. In conclusion, our results suggest that, at the sub-watershed scale, the alteration of
local habitat conditions in headwater streams associated with human activities (e.g., urbanization, land-use and river-
regulation) may decrease stream fish diversity, modify the correlations between local habitat and fish assemblage, and

change the longitudinal pattern of fish assemblages.

Key Words: stream fish; assemblage structure; species diversity; longitudinal pattern; human disturbance
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Fig.1 Map of the headwater streams upper the Chencun Reservoir of the Huangshan Mountain ( black circles indicated the sampling sites)
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em) MR TR (Ca, %) JRTR/N(Suw) o THEERFE B, S A4 R AR 43 500 &K T8 , B R0 s 4
SRR 2o I KR, TR A HE Y 609 7K PRA I 2 3l (A5 U, FP 1L, SE D) (o A 4 50K
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L PEREA T JER ] Monte Carlo BHIKGEG | 15 &Pk (P<0.05) A8 ARBEAY Y Sl AR W s B 4 14 17
T A, 42 A8 A0 2R BE IS B 7 log (X+1) ettt )5 47 70 b .
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2.1 YR BHENL

HoRAEMIS 4041 2R 4 H 10 BL 28 F, #E B YRR L | 5 &3 PFI0 67.9%, FRFE S RAER
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WIR (>30.0% ) FIAHXT Z B (>6.0% ) W . SEEFIE ML T 2 YORKE, Bt Eum L 2 B smFia UL+ 1
AMRETT AT R (F 1),

x1 BXRYMHERREHIRERSEN S E

Table 1 Species composition, frequency of the occurrence ( /') and relative abundance ( P) fishes collected

H /&Ll - - - HBRR F/ % X ZE P/ %
Order/family/species AFR i R Frequency of occurrence Relative abundance
##j H CYPRINFORMES

R} Cyprinidae

VelEHE Zacco platypus + + + 77.50 35.14
th 144 Opsarrichthys bidens + + + 12.50 0.94
JEJE I Acrossocheilus Sfasciatus + + + 43.75 6.73
Wb Abbottina rivularis + + + 7.50 0.30
ZHiff Pseudorasbora parva + + + 18.75 0.77
L) fify Pseudogobio vaillanti + + + 16.25 1.09
i Squalidus argentatus + + + 17.50 1.63
R RBEDY; Rhodeus ocellatus + + + 31.25 8.09
SR Acheilognathus barbatulus + - + 12.50 3.39
i Carassius auratus + + + 10.00 0.47
N Sarcocheilichthys parvus + + + 5.00 0.17
& Hemiculter leucisculus + - + 6.25 0.59
15 H 4 Varicorhinu barbatulus + + - 5.00 0.89
PR3k Phoxinus oxycephalus + - + 12.50 4.83
@ﬂ(*‘*‘ Cobitidae

FATAESK Cobitis rarus + + + 20.00 4.65
AL C. sinensis + + + 20.00 1.71
WAtk Misgurnus anguillicaudatus + + + 32.50 1.73
BRIV Parabotia fasciata + + + 13.75 0.52
-8R Homalopteridae

JRZRI# Vanmanenia stenosoma + - + 27.50 3.39
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4 - - oz HBUBER F/ % XFZHE P/ %
Erdjj/fjilily/ species AR LS iR Frequ;nj(:)?oiccurrence R:zflﬁatij\—/eg afundance
% H SILURIFORMES
#28l Bagridae
YIRAUE: Pseudobagrus truncatus + + - 5.00 0.10
T Pelteobagrus fulvidraco - - + 1.25 0.02
i Sk R} Amblycipitidae
A Ak Liobagrus styani + + - 8.75 0.20
9% H PERCIFORMES
SRR A} Gobiidae
IR Crenogobius sp. + + + 68.75 21.11
Al Mastacembelidae
HEK Mastacembelus aculeatus + + + 11.25 0.42
8%} Channidae
L8 Channa argus - + - 2.50 0.05
JEERL Eleotridae
VOIS Odontobutis obscurus - - + 11.25 0.82
TE)) Hypseleotris swinhonis - + + 2.50 0.05

A1 H SYNBRANCHIFORMES

ey Synbranchidae

T 1% Monopterus albus + + + 7.50 0.20
+ Al = S SRR R R T PR S R R

2.2 JRyEATE S M A A

12 FH LR 2R T 266 96 Y8 00 R 274 o 45 oy Sl JE s DRI —F RS2 ), 485 S Bl s, T AR L RS 3o KB LIS R /)
FIVR B 7 o 2R A B PR R ] 25 5 (P<0.05, F =3.76 (15 4R.) \4.67(FL.§:3%) 3.58(/K5%) 3.98 (JIK i) AN
3.64(HHHE) ) ;28 post-hoc Z T AL, ETIR MV FUFIZK T8 15 b 2 I8 TR FIRRIZ (P<0.05 ) , {H H R o A 1 78
R4y I 2 R TR FIRRIR (P<0.05) |, 17 FEL 38 i 38 25 S (XU TR & FURRIZ (8] ( P<0.05) , pH {EL /K I Fl it
HAETE R ZE T 38 (P<0.05,F=7.39(pH) .6.50(/Ki&) 5.78 (iitE) ), [ 5 A Ak, 10 H 434 pH {4
2 BT (HK R i R (P<0.05) o EAh BRI AR UK IR (F=9.95) \pH(F=7.39) FIr &%
(F=4.01) BA B E MR H# M (P<0.05) ,
2.3 mARZHHE
2.3.1 AR

18 FHXUR R 5 2293 M kG 56 1 0 R0 2545 W2 AR VE RS0, 45 50 s | S 2 Rh gl MBI 75 e 35 BiHE
FETE B R ] 22 5 (P<0.05) (HHZA AR L TC B 3% (P>0.05) IR S B X R S B E 3L B
M (P>0.05) , HEMAIYIFE(6. 61£2.73 F) FIFRFEE(1.87+0.70) ¥ 18 3 & TR (DM EL.4.18+
2. 87 Flt, FAHEH:1.20+0.92) FIIHIR (4.45+3.41 Fh,1.28+0.98) ( P<0.05) , il f0 AR i % 2 FAUK 47
1% (78.11+57.53 &) AR IR A] (31.17+28.60 J&) (P<0.05) (% 2) .
2.3.2 B ZHAEREIRAOCHR

12 F Pearson’s AHIGH3HT 53 SR 36 25 1R U 4% 20 14 1) € R A B AN IR BSORD B 48 BRI B 22 (B 1Y 56 3R, 45
RN YR EON 5 SF RS IR A AR 5 A 10 AR EAT B (P<0.05) , IRIEYI AL
IHE 5 A S5183R B3 AHIE (P<0. 05) | TR M S YR8 S5 1848 0 3 A DG (P>0.05) . 28RS 51
)R E A DAL W TR 5 H O HaERY) (P<0. 05) , M 45 1R 45 22 N 1Y & L3R 505 1 SR AR e AT ] ik 3%
PEFASE(P>0.05) (£ 3) .
2.3.3  JRISUNG B M AR R 2 SRR S )

12 FH 2625 2 M a1 U1 2 S0 G 56y A 2, b 2 d X 3 4RI I P 1) B S R B AR BOR Sl R B e ), &5
FAIR  FFE SRR 5 I 5T /IR B o 5t S 2 P 7R DG (P<0.05) | (HIHTE FIRRIE D A AU oKk R 2
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Table 2 Variations in fish species richness, abundance and H-index across streams and seasons based on Two-way ANOVA

fa2k == YA SRR =3

LY/EIE I 40.71 692.11 *

Species richness B 0.75 6.36 * FHESTHIE = JIKIZ
1 0.07 1.12 ns
BTy 0.15 1.25 ns

A% Abundance R 8.72 283.82 5
e 0.35 5.64 * FHE SR
£ 0.10 3.32 ns
BT 0.14 2.32 ns

FFARAEHL H-index i 164.23 225.90 *
R 7.41 5.10 * FTIE SR = FRIZ
S 2.07 2.85 ns
BEIxZET 1.63 1.12 ns

T-T SS, Type IMFJ5F1; SNK, Student-Newman-Keuls #5565

* ,P<0.05;ns,P>0.05

R3 BERMFE AEEIFHIEHFEELE Pearson’s 18X 51

Table 3 Correlations between elevation and fish species richness, abundance and H-index based on Pearson’s correlation analysis

B BT A=T R P J5#% Functions
Streams Fish diversity 5 H May 10 A October 5 H May 10 A October 5 H May 10 A October
e YRR -0.57 -0.62 0.03 0.02 §=-0.54x10*" §=-0.59x10>*
MNES -0.06 -0.55 0.83 0.04 P=-0.57x10""
& BAREL -0.42 -0.22 0.14 0.45
ik YR -0.50 -0.40 0.10 0.06
MK -0.13 -0.33 0.68 0.14
TR -0.51 -0.40 0.09 0.06
JI7RES YR -0.57 -0.23 0.03 0.43 5=-0.98x10>%
AMRE -0.06 -0.39 0.83 0.17
TR -0.42 -0.52 0.14 0.06

i 2R IEAR DG (P<0.05) o &7 FINR & £ 28 5L
A3 B EZ KGR (SR G ) AT 38 (IE AR OG ) 1) 8 35 1k 5
i) ( P<0.05) , 1M BRI F0 28RN 32 7K 98 (FAAH DG ) (7K
TR TR ( IEAH G ) 3 A6 B b A 1) 2 S ) (P
<0.05) , EFERMAIEF WAE B R WA EC—FE 5 R TR/
FRE 55 B A G (P<0.05) |, T Il 12 FRR I A0 28 77
JEAR B 43 AL AZ 27K 58 KR (IEAR DG ) B 2 52 i)
(P<0.05)(#4).
2.4  EARFEELEH
2.4.1 MIEBEELS RS AR L

12 FHOBLPR 2R 28 SORH B 20 BT Az 560 Y3 3 R 21 %o £
FFEIE LSRR RE R | 45 R 7 | 2R () £0 2R BV 4540 L
P5E 4 HE (Global R=0.05) H I EE2Z R (P>
0.05) , &y a2 & R E A e W] i # & ( Global R=
0.05) (HAFTE I k25 7 (P<0.01) . Xf 3 ZREE WY
R SR AT P LA, 2 BRIV PRI A 1.2
MRS caEE H LR EHEZR (R=0.02,P>
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Table 4 Key local

habitat variables

affecting fish

abundance and H-index based on stepwise linear regression analysis

a2 513,
B ZREE b AR T 8 . P
Streams Fish Habitat
diversity variables
ges LR JER TR/ -0.55 =330  0.003
HE % 5 -0.15 -2.68  0.013
AMEEL IR -0.43  -2.41  0.023
TRAREL  MEBE -0.61 -4.01  0.000
JE TR/ -0.51 =331 0.003
g LRk KR 0.65 3.81  0.001
A% R 0.55 298  0.007
FREAGE K 0.63 3.62  0.002
FRIE YIRhEL KR 0.51 3.04  0.005
AMEEL K 5L 0.58 336 0.003
KR 0.46 2.64  0.014
TR 0.34 2,15  0.042
FRARE KR 0.42 236 0.026

species,
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0.05) , iE & 5 ET R MR IE S5 B EW R B S (H 25 55 3 (R=0.21,P<0.01, #FR-THE; R=0.17, P<
0.01, FFE-JFKIR ) .

i FAEARLTE B 43 Fe A BT o0 S A 3 %1 U i A R0 182 IAE P £ ISRV 465 R A (U 1 2 A P ( R AR DTk R
ik 90%) A5 H R FHE TR AR DY ZYIFN 5500 5 F 7 RS B3 SRR TEAYHT 2 7 ZE Y RNER R BT
Mg LRI P8 £ (X 2 P AR AR b A S m AT 20, I e AR AR 0 —H YR, A
TR B @ 2 B SR R R R RRRE 2R, A 7 R A | SRR A EE
P Horp JE 28 ORI G LSO TR LR e ik | o 1 R 2 e e R T R 1 2R Sk SR v 3 6 00
RREEEYR(FES),

£S5 HACEESLLSNBITERR - ZRELXFELEWBUAENEZYH

Table 5 Important species for the similarity of fish assemblages within the identical stream based on SIMPER analysis

, Y Z2 B /S BIAR I,/ % Bk BRTHNR %
i Average abundance/similarity Contribution/Cumulative contribution
Species - - - > N .
#IE g RIZ gt HiE JIRES
e BE 26.8/15.0 11.1/10.9 15.2/14.6 33.5/33.5 43.1/43.1 53.2/53.2
Wy AR £ 14.7/12.0 10.6/7.3 7.5/6.5 26.7/60.2 28.6/71.7 23.6/76.8
NEf 8.5/8.1 1.2/2.1 — 17.9/78.1 8.2/79.9 —
AR ik 4.6/3.3 — — 7.4/85.5 — —
i A AL 6.6/2.2 — — 5.0/90.5 — —
Ve — 1.0/1.1 — — 4.3/84.2 —
e AR B — 2.4/0.9 6.6/1.6 — 2.4/86.6 5.7/82.5
o — 0.9/0.6 — — 2.2/88.8 —
Fidfa — 0.8/0.5 — — 2.0/90.8 —
DS (71 — — 2.8/1.5 — — 5.4/87.9
Vb — 1.2/1.2 — — 4.4/92.3
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‘ _ Table 6 Correlation between elevation and fish species composition

Je W EVERL N (P>0.05)  (HXTEF R AR I
R EA BE I (P<0.05) , H A 7EE7 1% ik 21 i 1 YRl SR 2
AT (P0.01) IREHMART R 50 P Spces-nimmen
it ’ ﬂ%ﬁ{%%ﬁ%%} ’ R 9 fe IS ’ RS ( * 6)e - 5 H May 10 H October 5 H May 10 H October
243 R M S £ R B i 0w oon om0 oo

B TR I R S B AR XS 3 SRR g 0.720 0.116 0.679 0.780
KPEESSHIRIIO 25 R KA RDAZEUR 4 VG RE oo 001 o7 osu

X AR RI AR SRR BT AN R T 43.1% (&7

) 46.5% (%) I 46.9% (KRR ) B Fh AL S 5 AR A

4 A TR O R AR SRR BT BB T 87.1% (£T1%) .86.5% Fil 85.4% MM Fh-IA45 X R
AR5t EPEMAISHVE LS Z B H TR KRR IR B B R RZ A (P<0.05) , Herp RS R 5% i e A, (ELUIR
JEORHTR BRI ) S TS S5 A0 TE A MERZ R (P>0.05) 5 7K B | L5 38 K L 138 FITRR 132 1Y £ 2R R 7 45 4
A HE 0 (P<0.05) , b Ah TR FHRR R 0.2 1V 45 40 10 32 B 3 i (TR ) 15 pH (E RIS 480109 I 2 52 ikl
(P<0.05) (Kl2),
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