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Low-head dams driving the homogenization of local habitat and fish as-
semblages in upland streams of the Qingyi River
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Abstract: Identifying how fish assemblages in upland streams respond to environmental changes and an-
thropogenic activities is the basis for the conservation and management of upland stream systems and fish
diversity. Based on data collected from 78 sampling sites (including 39 impounding areas and 39 free-flow-
ing segments, respectively) associated with 39 low-head dams in four Ist-order streams of the Qingyi basin
in Anhui Province, we investigated the effect of low-head dam on the habitat homogenization and the biotic
homogenization of fish assemblages in upland streams. A total of 27 species representing 10 families and 5
orders were collected, among which 23 and 27 species were collected from the impounding and free-flowing
areas, respectively. Principal coordinate analysis (PCoA) and canonical analysis of principal coordinates
(CAP) results showed that the local habitat differed significantly between impounding and free-flowing ar-
eas, the former characterized by relatively low substrate coarseness and heterogeneity and the latter showing
shallower water depth and width. Permutational analysis of multivariate dispersions (PERMDISP) result in-
dicated that the heterogeneity in spatial variability of the local habitat was significantly lower in the im-
pounding areas than the free-flowing areas, suggesting habitat homogeneity in the impoundments of
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low-head dams. The variations in the coefficient of similarity of fish assemblages in the impoundments rela-
tive to that found in the free-flowing segments were consistent across the four study streams and the two
sampling seasons. Compared with that in the free-flowing segments, the between-assemblage similarities for
fishes in the impoundments either increased or decreased, of which ACS was negatively related to the initial
similarity of fish assemblages. ACS was positive when the initial similarity was lower than 50%, while ACS
was negative when the initial similarity was more than 50%. Our results suggest that low-head dams may de-
crease the spatial variability in local habitat within the impounding areas of dams and result in the homoge-
neity of the local habitat. However, the variations in fish assemblages within these impoundments include
two ecological processes, i.e., biotic homogeneity and heterogeneity. The biotic homogeneity/heterogeneity
depends on the size of the initial similarity between different assemblages. The assemblages showing rela-
tively low initial similarity will be homogenized and those of high initial similarity will be heterogenized.
Key words: habitat homogenization; biotic homogenization/heterogeneity; stream fishes; low-head dam
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i BRI AT 13508 i, S ECE AT A AR AN
NAT IR #UB(Scott & Helfman, 2001; Meyer et

al, 2007; Buisson & Grenouillet, 2009). ZA 1, 4 HIIR
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AR AR T T B0 AT I F K BSE U H SRN SR A
M+ 2 F SR EUR(Gillette et al, 2005; Poulet, 2007;
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Fig. 1 Locations of low-head dams surveyed in the headwater streams of the Qingyi River. Black pillars represent the low-head

dams surveyed in this study.
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Table 1 Species composition, frequency of occurrence and relative abundance of fishes collected in the impounding and free-flow-

ing segments

Fi Species

HELRIX Frequency of occurrence

X} Z FE Relative abundance

#/KIX Impounding FEZFH/KIX Free-flowing #/KIX Impounding

JEE /KX Free-flowing

87 H Cypriniformes
#iftF} Cobitidae
rhAEFEG] Cobitis sinensis
WAL C.rarus
Jeff Misgurnus anguillicaudatus
JEEAL Balitoridae
JRZE O Vanmanenia stenosoma
%} Cyprinidae
i iEfE Zacco platypus
rh AR Aphyocypris chinensis
14 Opsarrichthys bidens
2R3kfi5: Phoxinus oxycephalus
JtJE i Acrossocheilus fasciatus
fifl Carassius auratus
A5 Rhodeus ocellatus
20 Acheilognathus barbatulus
Ffts Pseudorashora parva
/M Sarcocheilichthys parvus
Hfif] Squalidus argentatus
Bt Abbottina rivularis
AR /IME) Microphysogobio fukiensis
#fi) Huigobio chenhsienensis
L1 Belligobio nummifer
i 7% H  Siuriformes
#li3kfififl Amblycipitidae
A Kfik Liobagrus styani
#%%} Bagridae
VIR Pseudobagrus truncatus
W4T H Beloniformes
PR R Adrianichthyidae
R Oryzias sinensis
A H Synbranchiformes
Ariffa %l Synbranchidae
# ¥ Monopterus albus
HHFl Mastacembelidae
rh ARl Snobdella sinensis
fifif. H Perciformes
YyEEFRL Odontobutidae
) 11¥b IS Odontobutis potamophila
/NE#fE. Micropercops swinhonis
IR AL Gobiidae
W4 pE f2 — 7l Rhinogobius sp.

8.97
7.69
38.45

11.54

91.03
3.85
23.08
5.12
16.67
38.46
35.90
3.84
34.62
0.00
11.54
21.79
1.28
0.00
0.00

3.85

15.38

0.00

1.28

53.85

6.41

60.26

15.38
12.82
29.49

26.92

97.44
3.85
19.23
3.85
28.21
37.18
66.67
11.54
53.85
6.41
21.79
43.59
7.69
2.56
2.56

10.26

23.08

11.54

3.85

7.69

60.26

1.28

92.31

0.94
1.06
1.71

0.67

49.78
0.12
1.11
1.19
1.41
3.86
5.05
0.07
2.11
0.00
0.52
3.54
0.02
0.00
0.00

0.15

0.07

1.29

0.00

0.02

7.50

0.20

17.58

0.64
1.07
0.80

0.60

50.41
0.07
0.80
0.12
1.19
1.53
9.63
0.62
2.00
0.18
0.81
2.49
0.81
0.76
0.04

0.16

0.29

0.38

0.04

0.09

4.07

0.01

20.37

22 WEMERE

SR A B b R PCo A S 1 A RN 55 2% 20 il i B 1
R AR T 141.6%H122.2% (7H). 50.4%F119.2%

(11 H) o /K FE KR E B 55— 4 A, 1 ik
o A S o ) B S A O (R 2) . RIS
PCoAXUM K, TTHERI1A, B/KX LA FE
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Table 2 Spearman correlations of habitat variables with the
two axes of PCoA

S AR 7H July 11 November
Habitat variables PCoAl PCoA2 PCoAl PCoA2
JK%E Water width -0.66 034  -0.51 0.12

JKIE Water depth -0.58 023 -0.80 032

TR S R 041  —0.70 022  -0.90

Substrate coarseness

R S5 o A 0.14  -0.56 0.09  -0.36

Substrate heterogeneity

W Current velocity 009  -0.13 0.03  -0.09

MW 5 % Canopy 0.01 0.09 0.01 0.01

4 Dissolved oxygen  —0.08 0.03 0.01 -0.02

/K Water temperature ~ —0.02 -0.03 0.02 0.01

B 5% Conductivity -0.16 -022  —0.19  —0.05

pHf pH -0.03 0.02  -0.12 0.01

KT B AR > 0.3587< -0.35,
Bold data show the correlation > 0.35 or <-0.35.

AT RBR I E A, AT, EEKIX
FE U FEA T4 A, B (E2). F4HE
KX AHEL, 3 7K DX JeC Jo R RS 2 R0 e Joid 12 508,
TER IR FEAR R (KI2) . CAPEE IR R, B/KIX
FEEB KX Z [ i S AR E R (TH:
trace = 0.91, P<0.01; 11 H: trace = 0.78, P < 0.01).

PERMDISP /3 #r 45 R B 7w, B/KIXFEHEE KX 2 [8]
(POARG S M ) T P AR R 22 /(T H : F = 46.80, P <
0.01; 11H: F=11.12, P<0.01), Hr, EKXEEE
ST SR 3 S b R 5T M 8 R, P35 Euclideani 254
0.45 + 0.02 (7)A110.62 + 0.04 (11 7); FEEKX %
FE R b 3 BT MR8y, H~F 2 Euclideanih B
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Fig. 2 Scatter of sites in habitat PCoA bioplots between impounding and free-flowing segments. Solid circles and open triangles
represented impounding and free-flowing segments, respectively. WW, WD, SH and SC represented water width, water depth, sub-

strate heterogeneity and coarseness, respectively.
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Fig. 3 Variations in the coefficient of similarity between the fish assemblages in the impounding areas and the free-flowing seg-
ments (ACS) and the relationship between ACS; and the initial similarity. A and B, C and D, E and F, G and H represent the four
study streams, respectively; the left and right figures represented that in July and November, respectively.
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