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Characteristics of fish communities and driving factors under urbanization in

typical river basins in Shenzhen City, China
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Abstract: Understanding impacts of rapid urbanization on structure of river fish communities is the key basis for scientific
management and biodiversity conservation for urban rivers. We selected two representative basins with different degrees of
urbanization in the typical urbanized city, Shenzhen City, China. Field sampling was conducted in both wet ( August) and
dry (November) seasons in 2019. We compared and analyzed the differences of fish communities between the two basins
using the multiple statistical methods, and explored the key environmental factors driving the variations of fish communities.
Results showed that species composition, dominant species, and biodiversity of fish in the highly urbanized Guanlan River
Basin were significantly different from those in the less urbanized Pingshan River Basin. In particular, the sensitively
indigenous fish species such as Schistura fasciolatus and Parazacco spilurus disappeared while the invasive tolerant species

were the dominant species in the highly urbanized basin. Fish biodiversity was significantly lower in the highly urbanized
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basin than the less urbanized basin ( P<0.05). Meanwhile, non—native fish species had spread rapidly in urbanized rivers
of Shenzhen City, which accounted for more than an average of 92.5% in the urbanized river sites. For environmental
factors, total nitrogen, total phosphorus, ammonia, chemical oxygen demand, biochemical oxygen demand, and
permanganate index in the highly urbanized Guanlan River Basin were significantly higher than those of the less urbanized
Pingshan River Basin (P<0.05). Redundancy analysis based on the Bray-Curtis distance showed that the proportion of
urban land and total nitrogen were the main factors affected the difference of fish communities in the Guanlan and Pingshan
River Basins. Changes of river habitat from urbanization reduced biodiversity of the native fishes. Thus, restoring native fish

biodiversity in river ecological management and protection is the important direction of aquatic objective-based management.

Key Words: urbanization; basin; fish; community structure; non-native species
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Fig.1 Study area and sampling sites in the Guanlan River and Pingshan River Basins
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Table 1 Fish species in the Guanlan River and Pingshan River Basins

i PURLREIRTEE BRI

Species Guanlan River Basin Pingshan River Basin

A} Cyptinidae
1. 548 Parazacco spilurus
2. FElE M Zacco platypus
3.5 [0 411 Opsariichthys bidens
4. ¥ )T, Pseudohemiculter dispar +
5.6 R Sinibrama melrosei +
6. 14 Toxabramis swinhonis

+ o+ o+ o+

+

7.2 80UM Puntius semifasciolatus +
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ik LT PP T
Species Guanlan River Basin Pingshan River Basin
8.5% Cirrhinus molitorella + +
9.#8 Cyprinus carpio + +
10680 Carassius auratus + +
11.5% Hypophthalmichthys molitrix + +
12, BEEBR Sarcocheilichthys nigripinnis +
BF} Cobitidae
13. 885k Misgurnus anguillicaudatus + +
14 KBERIJEHK Paramisgurnus dabryanus +
15 BEECRE Rk Schistura fasciolatus +

16. 5T /N& B8 Micronemacheilus pulcher
TR} Homalopteridae

174U Liniparhomaloptera. disparis +

18.22 [CHIIE ik Pseudogastromyzon myersi +

19. 38R AR R IN P. laticeps N
fifF} Siluridae

20,818 Silurus cochinchinensis +

21 148 Silurus asotus +
BT liF} Clariidae

22. R V58S Clarias gariepinus * + +
FHEF} Loricariidae

23 59403 Y Prerygoplichthys pardalis # + n
HFL Pocciliidae

24 B Gambusia affinis* + +
A 840 AL Synbranchidae

25. 9% 1i& Monopterus albus +
ZEWAFL Cichlidae

26.J2 ¥ W LG Oreochromis niloticus * + +

27. 555 Wi B ARG Oreochromis mossambicus ™ +

28. 57 % Ak Tilapia zillii * + ¥
B FE 7L Gobiidae

29. T B Wi % Al Rhinogobius giurinus + n
24657} Anabantidae

30.26%5 Anabas testudineus +
#7%} Channidae

31.5f# Channa argus + N

+FR I, = AURAM T
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68.5) 2, B T K] (34.9+42.1) & T 3 L0 9] 97 38k F /K 300 4026 1 (52.3+39.5) 2 S5 Ak 91 (95.0
68.0) AR . BRI S, K GIRUR KU EF L] i 5P 2 0 28 2 (73,6 +58.5) B2, 24w T UL I ] -
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Table 2 Two-way ANOVAs on macroinvertebrates among seasons and basins

Z=75 Season il Basin Z=T7 & Wi Season & Basin
F P F P F P
F:J¥ Abundance 8.40 0.005 2.23 0.14 1.58 0.21
Y Biomass 0.56 0.46 3.02 0.08 0.12 0.73
B EE B Species richness 4.11 0.04 9.31 0.003 0.12 0.73
Simpson F§%X Simpson index 3.10 0.08 5.48 0.02 1.26 0.27
Shannon-Wiener 54X Shannon-Wiener index 3.85 0.05 7.92 0.007 1.26 0.27
Margalef #3454 Margalef index 1.14 0.29 8.13 0.006 0.02 0.90
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Fig.2 Fish abundance and biomass in the Guanlan River and Pingshan River Basins
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Table 3 Index of relative importance of fish in Guanlan River Basin and Pingshan River Basin

F K] Wet period A7k Dry period

Je B B 10(8174.2) Je % i f1(3395.9)

RS (815.4) FFIRE IR (2104.6)
PRITATL I Pingshan River Basin TehERR (323.4) F RV R £1(1059.7)

#1(176.9) Tabg i (412.9)

S48 (160.6) F18(136.9)

Je® B HE10(8689.6) Je % B 4141 (9920.8)

PP A (1390.7) RVTHAE(4177.7)
WA 738 Guanlan River Basin #1(199.2) FFERP AR (623.1)

FERP A (98.2) i fa (163.2)

i i (74.2) B H R (59.7)
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Fig.3 In wet period and dry period proportion of abundance of exotic and indigenous species in the Guanlan River and Pingshan

River Basins
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TR AT RN ] 3 3 g S A i A R BT 2519 54.9% , A RIBGE PR 0.048 A RIEGIE @t (&1 5) . 18
5 HE(0.77) Al L (-0.75) (RS 1 (0.64) AT U (0.62) EVA(0.57) XAl — 1 TR R = 5
WHEE(0.69) BE(0.55) Xl — A TTER AL . Monte Carlo BEEIRG U6 & 30, 18 B 1 Lo 52 A K 300 6. 25 4=
HOME B EEN T (F=3.51,P=0.001) ,

3 it

3.1 HRRER AL B e R R BN R
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Table 4 Environmental factors in the Guanlan River and Pingshan River Basins

Wy BB 7K Wet period 7K Dry period
Unit Abbreviation RN PR P L A PR P

JKiE Water temperature < WT 31.821.50 28.6£1.50  <0.001  23.7£2.00 23.33.20 0.76
VA4 Dissolved oxygen mg/LL DO 6.09+2.02 6.5+1.36 0.56 7.08+1.38 6.21+1.36 0.68
1§ Conductivity pS/em COND 47171286 134.7:922  <0.001 40221945  223.2+189.3 0.03
pH - pH 7.39+0.40 6.90+0.51 0.01 7.76+0.33 7.91£0.23 0.21
M Turbidity NTU TU 9.11+1.88  39.03:32.86 0.0l 10.54+8.93 9.35+6.81 0.72
5% River width m RW 33.6+24.3 31.1£16.5 0.77 25.2+17.2 21.6+12.4 0.57
IR Water depth m WD 0.23+0.13 0.3+0.12 0.20 0.320.23 0.330.18 0.88
T Flow velocity m/s FLOW 0.29+0.13 0.44+0.30 0.16 0.34+0.28 0.30£0.20 0.71
R FRER TR AL Permanganate index mg/L Pe 3.85+0.74 2.09£0.53  <0.001 4.42+1.72 1.68+0.73  <0.001
6275 % Chemical oxygen demand mg/L CoD 15.82+7.28 7.72+3.39 0.002 13.44+4.57 8.75+3.42 0.01
A AT S Biochemical oxygen demand mg/L BOD 4.35+1.28 1.00£0.87  <0.001 3.02£1.5 1.25+0.65 0.001
A Ammonia mg/L, NH,-N 1.80+1.50 0.24+0.22 0.003 0.82+0.61 0.310.28 0.014
K% Total phosphorus mg/L TP 0.310.16 0.06£0.05  <0.001 0.23+0.1 0.09£0.09  <0.001
B Total nitrogen mg/L N 7.69+4.05 0.85£0.66  <0.001 8.0924.50 1.69+1.81  <0.001
B Suspended solids mg/L SsD 9.31£6.70  24.85+23.18  0.04 13431436 8.69+5.87 0.29
KA Waters % Powater 1.4+2.7 2.3+2.8 0.43

AL Forest % Poforest 34.5+23.7 53.5£32.5 0.03

5 Urban % %urban 3332123 2224249 0.02

iH % Road % %road 22.4+9.8 14.4+14.5 0.01

B Grassland % Yograss 7.2+3.5 3.4+3.4 0.52

#41 Bareland % %bareland 0.4£1.5 1.424.5 0.35

HABAE K Imperviousness % Joimperviousness 1.2+£2.3 2.8+5.1 0.12

R A ek T P o X 2528 R R AR AN, (SURE A /K301 1 A PRI -

PRI, LI T AP IS L B L AT 35 ) A RTINS R 3 AN Cyprinus carpio Y Carassius auratus | Je 8
Misgurnus anguillicaudatus J& % % AE 8 Oreochromis niloticus AW % ( 44 H51F-83) Clarias gariepinus . $4L
B HEY Prerygoplichthys pardalis %5 5 T P 1] 30 35 fa 2 41 A% b D0 DA 4 35 SO AP 28 o 3=, W 57 i Parazacco
spilurus KESUFA K Schistura fasciolatus % %Y5 Silurus cochinchinensis .22 FCHUNE W 8K Pseudogastromyzon myersi 55
Scott WFFE T L3 36 AN [RISRAR b e B8 A S ) S0 2RV 25 00 , K BT A1 i 375 00 21 B BE 3 7 DR B AL i 5 1 K 19
A7 SRR AE BCZE | 1] 5 SRR e A D RIS X — B AR AR R AN SE s N — AR R
PERE X JEUA TR MR AT — R GG, B T A0 A= 7 A A 5 2K S AR B < AN E K T AR AR
TR JEAT K SO 3R AR AR S T R 2220 N A DG TSR B f o e IS T 45 4 S (R BF 9, 349 % B3 LA o
BRI TF A L 1 DA BRI, (75 b 38 SRR 0 S B ) A il 32 P £ S T AR, e 1 2B X
FRFAE27 ) ARTRSE A S5 SRR IR IE 1 33— U5, 35 70 B8 G 2 B LYo 5 PR 08 S8 T ) A2 A L [X
W 2R e e BRI R, BRI DN 5t 2T 2H LAY TUAR 2 At i 3, 9K sl O T O e A
L] 3 4 8 SR 22 S 0 DG SR PR PR 7O A U 3t o e B b VAR R B IIE T I X SRR
AISZIE . TCAR AT o H ARSI o bE G B PSR SRAE AL AR AR 5 KRR A S Al S L
AR AR A YA IEAOCOCR o AKRSRAL PR 1) B ER 3R 22 43 BT [ R 2 T UL IR Y]yt K A 5 8 |
SR ERA A AR R R SRR IR AR B S R W & TR R, D FE L s A 2 2
e R IR Al K LR A A 2K 375 31 2 % WL Y e ] gt B B 3 B 1 A

() P (A T T 2, 0 LT {0 A SR B L ] Sl AT () v PR 2R Je B B At SF IR B Al £l R
WS FIZOE S R E 2B RO TR, 5 ST A AR A ], I AR

http ; //www.ecologica.cn



10038 S LR
F EXY/R
0.50
NN ofi“‘w
GLH-4 mﬁﬂﬁﬁ
. o FRILITHE 04 GLH-10
BOD
%road Yoroad
0.25 T
—~ 0.2
= co & %urben
> @
3 0
< 4 =
g S | #
2 2
0 g 0
. %grass h”l-l}“‘n‘\S
PSH-1 WD ﬂ,‘,lf,”'ll?']’w
PSH-4
PSH-3 0, [
\.u o Ypwater o NH. ] on
|v\|||:“’ vsu: -0.2 Yeforest Y%water Pt '
-04 -0.2 0 0.2 -0.25 0 0.25
RDA1 (34.72%) RDA1 (34.74%)
0.50 F
T
GLH-4
LI GLH-L TN
02 | st ourben
0.25 ¢ GLEAO - %road
;\;\ co » jl]#f’(:oroa%H § Psii-g
A e PSH-G &
< y
S o 0
Q g opwater g
o S|
< < z
a) a o Flow
~ Y%forest %08rass GLH-$
0 Do == ) . GLi-10
GLH® %wmer 02 [ GLH-TGLH-6
WD PSH-4
peit® GLH-11 .
psige > |T J(”‘ll"“' H-2 PSH-1
PSH-4 F[O\X/\H: psivo T3 ' Y .
Yforest -04 | s
_0.25 I I I L 1 1
-0.4 -0.2 0 0.2 -0.4 -0.2 0 0.2 0.4
RDA1(28.69%)

RDA1 (27.63%)

B 5 FEKBWRTREFELTRBEXFEMENESHERFETESNTRIN

Fig.5 Distance-based redundancy analysis between fish abundance, biomass in dry season in the Guanlan River and Pingshan River Basins

and environmental factors
WT: 7Kii Water Temperature; DO %% Dissolved Oxygen; COND: HL 5% Conductivity; TU: & Turbidity; RW: J %% River Width; WD,

JKTE Water Depth; FLOW ; Jii# Flow Velocity; Pe: W5 HRE: 541 Permanganate Index; COD; b2 5 &

NS o L

Chemical Oxygen Demand; BOD: 4=

fL 7 % & Biochemical Oxygen Demand; NH,-N: 2% Ammonia; TP & Total Phosphorus; TN: A% Total nitrogen; SSD: = V%) Suspended

Solids; %water; K& Waters; % forest: K} Forest; %urban: #3{ Urban; %road: i Road; %grass: H i Grassland; % bareland: #fH1

Bareland; %imperviousness: J AN /K Imperviousness.
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