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Fig.1 Map of sampling sites of alien fish in the inland waters of Guangxi
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Tab. 1 List of alien fishes in the inland waters of Guangxi
H Orders Ft Family J& Genus ) Fh Species Al Origin Gl
Purpose
I H R EIRE L)) Rewy Jeeu KPR
Polyodontidae Polyodontidae Polyodon Polyodon spathula North America Aquaculture
B9 R o KW A T Adia K= Fea
Salmoniformes Salangidae Neosalanx Neosalanx taihuensis Aquaculture
ELE! J5Jes U B Bt i N i) ARBUE R B K= FRIH
Characiformes Prochilodontidae Prochilodus Prochilodus lineatus South America Aquaculture
g #ER} HE R i LN R B K= FR5H
Characidae Piaractu Piaractus brachypomus South America Aquaculture
B SR} R S T i Adia ke
Characidae Cyprinidae Labeo Labeo rohita Aquaculture
)8 2 S 5 I N
. . . WY Asia
Cirrhinus Cirrhinus mrigala Aquaculture
o I 518 9 Asia e
Megalobrama Megalobrama pellegrini Aquaculture
fi
W e . Wit
. Cyprinus carpio var. P Asia
Cyprinus Ornamental
haematopterus
g o -
ﬁiﬁéfﬁg . ) XY Europe Kr=gR
Cyprinus carpio var. specularis Aquaculture
B H B} Y K T Asia KA
Siluriformes Bagridae Pseudobagrus Leiocassis longirostris Aquaculture
AR L FIBUNG £ il S WL
Loricariidae Pterygoplichthys Pterygoplichthys pardalis South America Ornamental
IR IR B4 SR Bl K=
Ictaluridae Ictalurus Ictalurus punctatus North America Aquaculture
TR 1T il 9 Aftica KA
Clariidae Clarias Clarias lazera Aquaculture
oL H Jif B B R Jogie: e AR
Cyprinodontiforme Poeciliidae Gambusia Gambusia affinis North America Biocontrol
LIS [IERck R A Je B B S Africa K FRIA
Perciformes Cichlidae Oreochromis Oreochromis niloticus Aquaculture
ACE 3] o
Oreochromis mossambicus x O. AL Africa K7
. Aquaculture
niloticus
14 AR g 2 4 £ S Africa VS|
Sarotherodon Sarotherodon galilaeus Aquaculture
ZEIS A FFIREHEM . . S|
e JAEM Africa
Coptodon Coptodon zillii Aquaculture
[IERE NN L AT N e K= FRIE
Parachromis Parachromis managuensis North America Aquaculture
ot Sl SRR i As KF=3A
Eleotridae Oxyeleotris Oxyeleotris marmorata Aquaculture
pNYERER IR BH £ )5 L iY N Rkl e VY
Centrarchidae Lepomis Lepomis macrochirus North America Aquaculture
YNk} e WLEE
Lepomis cyanellus North America Ornamental
B2 pNEES e K= FR5H
Micropterus Micropterus salmoides North America Aquaculture

TERM 526 b il f8 B (Cichlidae ) 1 73}
(Cyprinidae) R e 2, &4 5 AP Hk 2 K FH
1t B} (Centrarchidae) , A 3 it ; A& B H A 1~
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Bz .
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it EUIUR e i
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(13.24%) . S $i n {4 fa (13.24%) | 55 35 A2 g 6
(6.62%) . = BER I (6.62% )
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F R AR je ¥ B Ak F AR 2 BUK R

5 A Y L, 5 IR R TR A 34 AR
ARk, IR 51k 89.71%, i f5 /2 Je
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X A 2 A A A L5 R ) R T I 1 L R
PRGNk, BRI P LR A 2R A
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BERIAEXT RSB T , 57 IO e fa e LK R o
P a3k 3= S W7, 1 JE 2 2 A £ ) A A v A R
VI S Oy IR L E DO e A )
MG AR T AU SR JE T I 2 A SR o ik i
AL S A9 SR T B -5 N (] 4 ol ko IR B8 11 38 3
PEE T, ABFFEE & B b X 4 2]
WL 3 Je B 2 A 55 O HE ) R, AR AR
i B IMP AR R £, R e B B R M RIS R
A TE) VI B N 2 KL, 2 B AL b X
PIRIR RS, RE AT SC B [ R4

XV P ki 7K 3 A £ R AR ) B Y
SEEL R AR A2 2 I 2 T I R R
RS B AR M A 1010 1, 57 QR e
LA 0.99: 1, AN ms &7 JE (e Lo 21801, %
B 07, SE IRP AR [F: (2 645+1951) Ki/JE ;
FL: (19+12) Hi/mm; FW: (26+20) ki/g] it i T
Je B B AEf[F.: (1 028+646)%i//E ; FL: (6+4) Ki/
mm; FW : =4 Fi/g | FAN A g 2k € [F: (1 042+
502) ki/Fe ; FL: (6+3) ki/mm;FW: (6+4) Ki/g].
O 22 5 S W T EATTR TR R A 0 5 A 101 7Y
1) 55 0GB Ao 1) T 77 R et /N B PR B0 |y
FET-H7 [ eSS , DAy BT Hi N v 2 AR A 45
FSE 4 R g A 22 TS 0 AR R /O T
I 1995 50 %) 2 22 58 A Ao AN AR s 22 | £ 000 4 1)
Ty i R 08 B IR T R kR
W EAPEE T 4 S AR R IS N A R
AR E B FR 0 o 5 EQ W A i 3R B H o 5 ) B
B e 1 AR i Xk 2 AL 1 A 35 5 A, TR AR
R, R BOL b B PR, T RE PR A R A
Tk A5 PRBE A5, T AR 1) T B U5 B Oy T A
N TRRIAT 5 4 i 7 388/ N A bl DX 838, 5 G
%A 3T A SR N T ] b S B R s 5 )
FHC
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R, AR A0 AT VL R IR S K U iR e AP R
3R, Har Ao 2 A 2 BR VTR R b, IF X
LK R BOETEAR IS . Bl 23R AR 1z,
X — R AR e (EAS = B
232 TImYAA S

TEAN R AR R B L, 207K T i A1 Sk £ 5
Kl (16 7)) LR Z (14 F0) 15 28T (13
Fi) o PRI R AR I D A 7 R, HAR
SEREVIIE VA 8 Bl , B VT AN H A T i 45 A O Bk o
SARCKE , TSN kAP Fh Z FErE R T 3
Tito XIS U R B P R A 2
AR B DL R B NSRS Bl (Anfiit iz oK™= 5R 5 )
Ao PUVLIRISAE ) VU B AT 1 0 B 7K L
BRGTT %2 JE BT B 11 A 7K I AR 21 2H B 0 A % H
SERE L 7K PR Sl I 3 R 1) T K PR B 3 R T AR

*R2

A A AT, 3l N K PR Y SR R e P A
T BRA B BRGUK LS R B, B
JEFAR i 2 B80T (O 7K A 35 ) WA Ay it 3 - 2 1Y)
J2 DX (R AR 350 ) 3o o B 35 P J 22 X 3 V7 37 7K A
BE A A2 (= DU R S0 7 3 ) 19 7 BR M A A7
T By, S ECEM IR, H SR
WA B s T e 5 Rl SRR RLE Y
WM R A T B AR b 5 6 SRR Y
(0 2R 2 T P, O AR AL T BRAR A A AT S
JIt, DTN GEE 1 AR 47 51 R IE 35 i 57 A T B
X LK R AL B0 A il S 35 f 2R/ Aok £
I, NN B REVE S50 A AR X
— 6 J i T L R T, T B, R ) R I L
-G8 OKARTT I 4 DX IR, S Aok AR A T AR
)G B A
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Tab. 2 Spatial distribution of alien fish in the inland waters of Guangxi

Y)F Species NPJ] HSH QJ

XJ

YJ z) YY] HJ GJ L] NLJ]  OR

LWyt Polyodon spathula

KR 10 Neosalanx taihuensis
SBUENRH Prochilodus lineatus

s B NENSEE Piaractus brachypomus
T Labeo rohita
NI Cirrhinus mrigala

1 0

JEM ) Megalobrama pellegrini

Hi i Cyprinus carpio var. haematopterus
WU BEHE Cyprinus carpio var. specularis
KW Leiocassis longirostris
SRR B il Hypostomus plecostomus

Bk o5 X R Ml ctalurus punctatus
AT Clarias lazera

B Gambusia affinis

KIIE-ES Micropterus salmoides

JeF % At Oreochromis niloticus
AF g 2 =JE 1 Tilapia galilaeus

FFERP AR Coptodon zillii

LRIRRAA . Parachromis managuensis
215 4k O. mossambicus xO. niloticus

BRI Oxyeleotris marmorata

(= = R = e I = = =R = = R - =)

1 1
1 1
1 0
1 1
1 1
0 0
0 0
0 0
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 0
0 0
0 0
0 0

Wi B8 K BH A Lepomis macrochirus
2 KPHAL Lepomis cyanellus

(=]

0 0

0
1
1
0
1
1
1
0
0
1
1
1
1
1
1
1
1
1
0
0
0
0

0

0 0
0 0
0 0
0 1
1 1
0 1
0 0
1 0
0 0
0 0
1 1
1 1
1 1
0 0
0 0
1 1
1 1
1 1
1 0
1 1
1 0
0 0

= e = e N =R = R R e T — L == )
S = OO ==, D =, =0 =, DO 0 0O 0 O =k = O O = O
_—= = O O = O = O O = O = O O O o O o o o = o

0 0 0
0 0 0
0 0 0
1 1 1
1 1 0
1 1 1
0 0 0
0 1 1
1 0 0
0 0 0
0 1 1
1 1 0
1 1 1
0 0 0
1 1 0
1 1 1
0 1 1
1 1 1
0 0 0
1 0 1
1 1 0
1 0 0
0 0

0 0

(=]

0

TE 0" AARAFAEZ T, 1V R AFAEZ R . &K R ACHD g : g 7L (NPY) 5 ZL7KT (HSH) 5 BSVE(QI) s L (XT) s A VL(YT) s Z2VL(Z1) 5
EVL-ARL(YYD) s BUL(HI) s VL (GI) s MIVL (L) s B L (NLY) ; HoAB 7 (OR ) .

Notes: "0" indicates the absence of the species, and "1" indicates its presence. The river system codes are as follows: Nanpan River (NPJ) ;
Hongshui River (HSH) ; Qian River (QJ); Xun River (XJ); You River (YJ); Zuo River (ZJ); Yong-Yu River (YYJ); He River (HJ);
Gui River (GJ); Liu River (LJ); Nanliu River (NLJ) ; Other Rivers (OR).
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233 KAMARIE

i 1o Jaccard AHRIYE R E BT A B, RS
11.(J,=0.93) JFIL-471.(J,=0.93) (ZL/K ] -E4 3T
(J=0.81) % 7E B I AHAR B8 T L PR
T K &, H A e o120 20 n 2 B H A 5 1 R A
PR, R T PR K A F SRS HORUAR L A2
T B (AN R AR ) A XU R IR . 1 B B
I8 K SCAA 22 5 R I RS 3T -HT.(J,=0.23) ,
Py 2 B AR AS A AR o

XiF A o £l 2 B Vi 45 4 HE AT 1 3 AR bR 4 AT
(PCoA) 7w, Hif 24~ F A 5%l (PCoA1 F1 PCoA2)
o3 SR T HE VR SRR 5511 32.45% F120.16%.
TE PCoA 1 HEF 4 I, it =22l 7 T3 5 300k
()22 5 FHLATES VLG5 43 0 3 DX ) T A BT A
P S35 e/ B A IS G P e eV LY
(PCoA2) W HF— 248 /R T SCift [B] A A i 0 S, 1
HZEVT BT ARV e VTSR R AR HE P il L
IR B A o) B R A
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Tab.3 Similarity analysis of alien fishes in main water system in the inland waters of Guangxi

NPJ] HSH QJ XJ YJ zZ] YYJ HJ GJ LJ NLJ OR
NPJ 041 050 047 050 0.55 0.55 0.23 0.36 0.27 0.46 0.45
HSH 7 0.81 0.76 033 0.50 0.59 0.44 0.25 0.38 0.53 0.37
QJ 7 13 093 039 0.50 0.60 0.44 0.29 0.44 0.53 0.35
XJ 7 13 13 093 0.39 0.50 0.60 0.44 0.29 0.44 0.53
YJ 6 7 7 0.62 0.50 0.33 0.36 0.44 0.64 0.54
zZ] 6 8 8 8 0.54 0.36 0.29 0.57 0.69 0.73
YYJ 6 10 9 9 7 7 0.46 0.29 0.38 0.57 0.46
HJ 3 8 7 7 5 5 6 0.46 0.29 0.38 0.57
GJ 4 5 5 5 5 4 4 5 0.46 0.29 0.38
LJ 4 8 8 7 7 8 6 7 5 0.60 0.40
NLJ 6 10 9 9 9 9 8 6 5 9 0.62
OR 5 7 6 6 7 8 6 4 4 6 8

T - AR T B N AT, A BRI Tse. AR F ARy - j VT (NPY) s £LK] (HSH) s B4T.(QI) s 331X s A VT.(YT) 5 72
TT(ZY) s BIT-ARIT.(YY D) 5 BUT.(HD) s BT.(GI) s T (L) s BT (NLY) s HABT 3 (OR ) o
Notes: Data in the lower-left triangle indicate the number of shared species, while data in the upper-right triangle represent Jaccard similarity

coefficient (J,). The river system codes are as follows: Nanpanjiang River (NPJ) ; Hongshuihe River (HSH) ; Qianjiang River (QJ) ;
Xunjiang River (XJ) ; Youjiang River (YJ); Zuojiang River (ZJ); Yong-Yujiang River (YYJ); Hejiang River (HJ) ; Guijiang River (GJ);

Liujiang River (LJ) ; Nanliujiang River (NLJ) ; Other Rivers (OR).

F4 EBKRISREXAM PERMANOVA A FLLE
Tab. 4 The PERMANOVA two-by-two test for the alien fish composition by main river systems

NPJ HSH QJ XJ YJ z) YYJ HJ GJ L NLJ
HSH 0.033
QJ 0.030 0.021
XJ 0.029 0.038 0.126
YJ 0.029 0.032 0.024 0.029
VAl 0.087 0.028 0.035 0.022 0.035
YYJ 0.159 0.020 0.029 0.034 0.054 0.369
HJ 0.073 0.029 0.031 0.020 0.033 0.258 0.044
GJ 0.029 0.028 0.030 0.037 0.035 0.031 0.029 0.205
LJ 0.060 0.102 0.026 0.036 0.028 0.037 0.028 0.340 0.285
NLJ 0.061 0.100 0.030 0.031 0.036 0.119 0.172 0.165 0.027 0.091
OR 0.462 0.034 0.028 0.026 0.032 0.091 0.198 0.090 0.032 0.034 0.024

TE Kl s PERMANOVA ZHT 45 51 PAE . P<0.05 FOEUE CUINMKL, 7m /K R IBIBE LA TE 3 22 5 . 75K SRR - B BT (NPJ) s 21
KA (HSH) 5 B$VL.(QI) s ¥L(XI) s A VL (YD) s A2VL(ZY) s EVEARIL(Y YD) s BT (HY) sHEVL(GY) s MIVE(LY) s B VL (NLY) 5 FeABIE (OR) o
Notes: Table data show P-values from PERMANOVA analysis. Values in bold indicate a significant difference (P<0.05) in community

composition between river systems. The river system codes are as follows: Nanpanjiang River (NPJ) ; Hongshuihe River (HSH) ; Qianjiang

River (QJ); Xunjiang River (XJ); Youjiang River (YJ); Zuojiang River (ZJ) ; Yong-Yujiang River (YYJ); Hejiang River (HJ) ; Guijiang
River (GJ); Liujiang River (LJ) ; Nanliujiang River (NLJ); Other Rivers (OR).
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Status and countermeasures for alien fish species in the inland waters of
Guangxi

ZOU Youcun', WU Zhigiang'?, LIU Hao', QIAO Liang', HE Jiayang', CHEN Yizhu', HUANG
Liangliang'?

(1.College of Environmental Science and Engineering , Guilin University of Technology, Guilin 541006, Guangxi, China;
2. Guangxi Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Areas, Guilin 541006,
Guangxi, China; 3. Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin 541006,
Guangyxi, China)

Abstract: Through field sampling, this study investigated the species composition and distribution of alien
fishes in Guangxi's inland waters. The results indicate: (1) Species composition and sources: A total of 23
alien fish species, belonging to 7 orders, 13 families, and 20 genera, were recorded. Perciformes (9
species) and Cypriniformes (5 species) are the dominant orders. Aquaculture introduction is the primary
pathway, accounting for 82.61% of the species. (2) Status and distribution: Coptodon zillii and
Oreochromis niloticus have become the dominant species, distributed across nearly all survey sites.
Thirteen species are considered invasive, and four are in the establishment stage. Spatially, a geographical
pattern of "C. zillii in the north, O. niloticus in the south" originates from the stronger adaptability to low
temperatures and higher fecundity of Coptodon zillii; a mainstream-tributary disparity pattern is also
evident, where the species number in mainstreams such as the Hongshui River (16 species) is far higher
than in upstream tributaries. The lentic environments created by hydropower dam construction have
significantly altered the habitats of native fish, providing 'ecological niche opportunities' for the expansion
of alien species adapted to such conditions. (3) Control strategies: An integrated control framework is
proposed, comprising four key components: source prevention, monitoring and early warning, control and
eradication, and public participation. This research provides a scientific basis for policymaking and
reference for ensuring aquatic ecological security and biodiversity conservation in Guangxi and southern
China.

Key words: alien fish species; distributional characteristics; countermeasures; inland waters; Guangxi
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