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Fig. 1 Survey points in the middle and upper reaches of the Yangtze River
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BK 120 A HLIXHY 819 T AP K A A= W T TE A
= RS S T 3PP 3R, [WIES FISK T
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T 4 IS B VR R AR il 28 (receiver operating char-
acteristics curve, ROC [t 2&). ROC i £k 1 x %l
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Tab.1 Scoring criteria for fish invasiveness screening tests
RHE PRt B4 RHE FrifE B4
trait criteria score trait criteria score
R (L) em 20<L<40 + AR T G R R/ AAFAE +
maximum length competition with native species
40<L<60 ++ o ++
L> 60 +4+ = +++
AHXF I (P)/ Yo 0<P<10 + ik etk +
relative frequenc feeding habits o
dueney 10<P<30 ++ £ Btk ++
30<P<100 +H+ I ++H+
il d 0~7ME K + o U 5 A i +
history of establishment temperature tolerance
i 8~1 S + P iz -
> IS EZK s = N
TERT AN BT RE i + T R 52 1 fi% +
ability to breed in the wild . tolerance to low dissolved oxygen -
B ++ B ++
= +++ = +++

T “HFRFHED AR S FRRRHES A o RRRHES A R

Notes: “+” indicates that the feature is classified as low; “++” indicates that the feature is of medium level; “+++” indicates that the feature is highly

rated; the same below.
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2.1 Sk FhIELE K

P A ) R £ R 135 Fhfads, RIET 8
H 24 B}, fuffshkmmds 20 fp (£ 2), S
FIASEL) 14.81% VLHLVLBA A 2 A9 Sk 2
PR Z, 1R, OB MITEL,
Yok 7 M, BRVCYTBOR SR W B AR 2k
HABITBCRAE RN WA R I 1~6 Bl . HRYE 22
LB AN R AR kAR, HA 10% 2 Fi) 1)
SN R A I, 5% (1 Fl) B & AR R A
HAx 85% (17 Bl M9 & A REAR . WAL RS
K ) R VR Hb f 22 1) 2 U (50%), FHLROEAE
P (15%) . ALFEP (15%) . BRI (15%) F1 g 32
(5%). CidEMINRMIETA 65% (13 #) J& T
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Tab.2 Basic information and invasion timeline of exotic fishes

JEAVER AR

KEEZ % YR SINEEAR

szic%i’is native basic climatic  incidence vonservat-ion  introduction iﬁ:ﬁcﬁﬁ
range zone rate status year

JeAZHF  Acipenser sp. S R 63.64 AR PPAl — —

WS BEEE  Cyprinus carpio var. specularis amurensis &7l o 54.55 ARPPAG 1958 [24]
FHiINHL:  Cirrhina mrigala WM NIE% 27.27 KPP 1962 [24]
WE  Sander lucioperca KR bk 2273 Tt 1960 [25]
KIEHE  Luciobarbus capito el W 22.73 5 fa 2003 [26]
JeF B HEf Oreochromis niloticus B[ A 18.18 Tfa 1978 [24]
FIKP e Coptodon zillii e Aty 18.18 Tifa 1978 [24]
B 5 RN Ictalurus punctatus JeEM biokie 13.64 Tfa 1983 [27]
MW Carassius auratus wucaiensis VM binkits 13.64 KPP — —

TG Clarias lazera E[271 Ry 13.64 RVFAl 1981 [24]
i Cirrhinus molitorella VM binkits 9.09 B/ RTE — —

KOEET  Micropterus salmoides JeeH o 4.55 T fe 1983 [24]
SERBH# Lepomis cyanellus LM bikite 4.55 AR PPAl 1999 [28]
FATRIBLEE  Cyprinus carpio Songpu E M biokie 4.55 RVFAl 1984 [24]
T4  Tinca tinca A bikite 4.55 Tfa 1998 [29]
i B Colossoma branchypomuns FEM Pt 4.55 ARPPAG 1985 [24]
FREE  Cyprinus carpio S ki 4.55 AR PPAl — —

PARIN AT Acipenser baerii E M FER W 4.55 e fa 1995 [30]
HUHEEE  Gymnocypris przewalskii S ki 4.55 Tfa — —

BW L Gambusia affinis T piakig 4.55 Tfa 1924 [
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T gty , 20% (4 7 F10% 2 B J8 T B 5 25 VL BOE A 3 Y 0 28 SR (R=0.567,
FFEMR AT ML X, ARPE A A AR B (IUCN)  P<0.05) B35 IEAHG

210 SRR TOIR I, 50% BOM)FP R BT IS, 23 NEREITEE

40% BYIFNE T ICAE], P84 B B e 4k

F 5 fa R A . PO A T R 2 MRAEEFEARAE,, XF R 2 2 20 A1k
e e Pl 45 A A2 PR 2 o FIST 25 R n, 6 Fl
22 BEKIRER (30%). 6 Fill (30%) il 8 Fl' (40%) 43 BN Jy B

Mann-Whitney U ¥ 525 5 W7, AhkfaZs A, L RARRE . &R R s e
(U=473.0, P<0.001) Y &A= 38 1o AR T A M, Pt FFIRP e, @R KA
IeAh, Spearman R AHIMERIT, Ak MAZEH) FE NP . gl (€ 3),

R3 IREBENERUFELEER

Tab.3 Results of invasive screening test for exotic fishes

. st Rt ?ﬁl‘%?ﬁ 'ﬁzliﬂﬂi%ﬂ] iR XTTEE:{ﬁﬁftaT—-L N
ok Wk omE pp R EFEEN B gy, gy b
species maximum relative  history of ability .to COmpetlt‘l on feedllng temperature tolergnce to invasion

length  frequency establishment breed'm with na'tlve habits tolerance low dissolved risk

the wild specie oxygen

JeB B HEf 0. niloticus + o et R TN o ++ et #1(62.5)
FIRE A C zillii + ++ -+ o -+ o+ ++ -+ H1(62.5)
WS BIEE  C. carpio var. specularis amurensis — + R ++ R ++ +++ + ++ 1H1(62.5)
JeAZHT  Acipenser sp. -+ -+ ++ ++ o+ -+ ++ ++ 1(50.0)
BEsS SR 1 punctatus + ++ ++ + + - o+ + 1(50.0)
A5 S. lucioperca + ++ -+ ++ -+ ++ o+ + {1%(25.0)
KRBT M. salmoides + + ++ R N ++ + ++ fi%(25.0)
KEEEE L. capito ++ ++ o+ ++ -+ ++ ++ 4+ 1(37.5)
LEKBHEL L. cyanellus + + + - AN - +H +H+ 11(62.5)
ZHi B C. mrigala + ot + + e -+ + o+ (62.5)
FAEEEL  C. carpio Songpu + + ++ ++ ++ -+ ++ ++ %(25.0)
T8 T tinca + + +++ ++ +++ -+ ++ +++ 1(50.0)
M ENREL  C. branchypomuns + + N ++ N Funs + ++ H1(37.5)
Wit C. carpio + + + + + ++ ++ + %(12.5)
Wzt Triploid crucian + ++ + + + ++ - ++ fi%(25.0)
fi  C. molitorella + ++ + ++ + ++ + -+ %(12.5)
AT C lazera ++ ++ ++ + ot - + o+ 1(50.0)
THAFIET 4. baerii o+ + + + + ++ ++ + %(12.5)
FIFEL G, przewalskii ++ + + + + ++ ++ ++ K(12.5)
B G affinis + + + - - -+ - - 1=1(62.5)

Youden’s J 2 It i) B £ B (E B e £ 0 17, o Horp, AEARPER 14 SRR, FISK A
X2 T RE FISK DAIX S8 Fm KU R ey 08 150 M B 85.71% VA 288y v 48 XU Aﬁ‘f
R T IZBIE S BOCA R IR 6 NP FISK PEAL REAS K 83.33% 25N

SR, I SZIR R TR AR FISK 9F @R . BbAh, 8% FIST H2R AR AR/ 14
43 X (8] A —15~0, FISK #E4r25 R E/R, 128 DAY FISK W48 6.5~25.0, 1fi# FIST 4
(60%) PIFI ARy R S XU, 8 Bl (40%) WiFl W AREER 6 DYIFN IR rR 19~32, ARk
B KA NS (% 4). FISTPIA kAt 6 MA2RA9F4 CF 7 0.869.

T (30%) W AR, 14 F (70%) RAEAZ Y 20 FhAM S FAE R B (5T EE ) 7K
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*4 ETIRKEEVRETFET BB LRI FR

Tab.4 Risk level of fish invasion based on FISK for exotic aquatic organisms

LB FISKi¥-4> BiERT N F2is
species FISK score confidence factor invasiveness
FIREMM C zillii 32.0+2.5 0.885+0.015 [
FINhils:  C. o mrigala 26.0£2.0 0.845+0.025 =
WS C. carpio var. specularis amurensis 26.0+£3.0 0.880+0.010 =)
HHATAG  C. lazera 25.0£1.5 0.865+0.015 =
JeB B O. niloticus 25.0£1.0 0.935+0.035 =i
B G affinis 24.0£0.5 0.890+0.010 =
HAZtd  Acipenser sp. 24.0+£3.0 0.915+0.010 =
KEEEE L. capito 21.0£1.0 0.840+0.020 =
SERBHf L. cyanellus 19.0+1.0 0.825+0.035 Gy
Wt S. lucioperca 15.0£2.0 0.825+0.025 L
KO®YS M. salmoides 15.0£1.5 0.9050.025 el
MR ERREE  C. branchypomuns 14.0£1.0 0.880+0.010 L
BER XM I punctatus 13.0+2.0 0.8900.010 el
TH# T tinca 13.041.5 0.870£0.015 EH
FABHE  C. carpio Songpu 8.5+1.0 0.845+0.020 el
HWHREE G przewalskii 8.0£2.5 0.855+0.015 L
W C. carpio 7.0+1.0 0.8750.010 Ly
% C. molitorella 7.0+1.5 0.8300.020 L
M= Triploid crucian 7.0+1.0 0.8600.035 el
VRIS A. baerii 6.5+2.0 0.860£0.020 el

Sl AU PEAS 43K 6.5~32.0, XU ISIAE - 17,

i FI ROC £k (K] 2) %} FISK 1A 45 3 ik 47 5
Lo ROC fliZk ROC curve
0.8 |
wE O F
% 2
& § 04 r
0.2 +
0 0.2 0.4 0.6 0.8 1.0
Kttt
specificity
2 ETF ROC BiZkiysh sk ENE R ITE LR
REHTH

Fig. 2 The effectiveness of risk outcome of exotic fishes

based on ROC curve analysis

WE, H AUC {84 0.944 (0.839~1.000), 1] FISK
PEAG 7 IR X Rl AR PR R B Be 18R, et
A1) 2 AR AR AR R Aok R KT
¥ IR EE D) KR T B AR

3.1 ShRBEFHAERL

AU R A R I AL B Ko ok 2 A
20 A, XA VML B R 5 AR A (2017 —
2021) L I 2017—2021 45 {6 FH I W) | s % 25
Do) L AE A T Sl A 2 1Y) 30 AP £ 25,
AIRZHFE PR s, T8y, B 5
Pl . PR BREE . U KRS,
[) B oA >R 4 31 8% T IE WP 6 (Labeo rohita), B35
te v % 9E 1 (0. mossambicus). T 1 fifi (Hypo-
stomus plecostomus). K HRAE 8 (Sinibrama mac-
rops) SFHMRAIEAR KPP 2 07 AR T fE
SE TR A T R A I TR RO A VLB B AN ]
Fir B ASHESE il S 48 R Z 50O R W Fh R
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oK H P AR HL X, [RIEFSEY . Ko . AR D
DA EPRIEME R 2, MLl . M
FINIA MR i 2R 2R ST, 177
(AR 7K R VE Sl R E P i >k i i 9 000 Fifr,
2y (5 1 A BB 27%", TR R AT |k
A0 EBORIE TR LU (156 B, 35.54%)°7,
HE Z B AE B n] A, AR U A 21 /4 41
O 0 28 T 22 S SR S Pkt

SRR FP R MIT B ik R, TH>X
TS, AE TR =K R X T BER AR B Ak
R RR L . 1988—1989 4F, =K FEE K
RSN AR 2 Fl, 5] 2008 419 5 K w130
HEANE T 8 FhF, 2020 4F#E 4l 45 75 5 X Wy
MEN Stk 16 T, AUE A AL X R IS K
25 11 B, ZIRIE X AR AR TE B ™
RT3 AT R P O DX B 35 ) Al
TREV AR MR AR AT, A R IHBR A
T, XK. FEms g . KRS
PEANWT R, OSSR AR T R
R B2 [B) L 07

3.2 ShREENR KK

AR A AN KU 25 2 =2 B AR i AU 1 (EL
AT RN A3, i XU B AR B 4 P Y 45 433 i
Youden FREC AR, HURKE B{E 252 B FAY
VA X IR A R RS, A [R] DX s XU
REAAE—E 25 AR X RE R 17, 1
F #5F} ( Loricariidae) 28 7E A L3R A 25 X A9 X
B BAE N 12.5, W4 ArEERyC R . YA R0 Al
B 5 A VL Hp Ui B XURS: B (B 53 3 A 31, 31N
370, IRV AN TR M DX A 20 A AR XU (59 {77
TE—E 25, {3 Dodd %5 Bif 5% % B 41 ok #11 2%
TE N [R) 3 38k 1] 1 A AR XU AR A 55 /0N, RS B3 L
XA 53 0 2 v 1 AT B 1 B ol DR S5 ) -
f M /0N o T8 5 A543 3 v T BE ) 280
5 R B PR W R AAE RS B
AE 11 M5 4 1™, A 58 FISK 1 22 1 8
Tl KUBS: 2, 35978 B s W AE i
4 2 AR Y ) B AR AR A, AT A
15 Y I BT MR it A R KR A 2 M AR
Hi A X A2 5 G fURR . XTI R T AZ 8 %,
FeAZHG ] LA 52— € SR, T 2R A0 15 18 RE i
ZRK WA T 52, AR ME BAA E 25,
BT EEAE VA R AR R 0.128 mg/L /K I8 4Ty

B IE 5 AETG , AR o 52 A Hb il 1Y) 5~6 £5 1,
5+ B HE e B B HE 35 2 R I P 8 i
NRETs, LUeP B ARt k], HXFERE . $hiE,
VS i S T AZ Y BT ERAR )T, B R D 16~
42 °CH, e % WAk M0 BAH AR D) i H AT SR AL P
AT R, 52 RRK AT AISH Y,
AR EH R e RS AR R, 4hfn—
MR TR ML, BAR S RmaEAD
HES) ARG FISK B 1Y) 8 Fofr iy XU #2743
VO E YRR Y B S, X8 Fpfa
K@ Par sl Py 2k EIREAAHR B
WA, MKITKREE, YL, hixi
HPRADISTE FHARIAEE Th 9 BB A T 45 o

8l AR AR e, Bl fn F & i £
AR EA LMoy, A Mk
M EYMAFEZS ), FEOR -0 IPEER RS2
B S FaE e IR A B, XA
I, AR AT SE A A R A £ T
il A ADAS AR A AF . R B0 . 22 5
TIT i T A 00 Sk AR b £ 2Kt AT 25 A R ) 5
HEF o

33 KIIREtTEELEFRERIPITR

O A A R £ 28 B 1R 0 e T
F RPN U, SR IUR BRIt A 1
Sk R ARITE A, HUGE T LT @It
JER LRSI R AP . QR EZHE .
AR TE VAL B AR KR 2k, B AR
FICA S A B 8RR R S A 5 A Dy SR B
RAh, SAERER B RIRHEMA, Bk
T R AZ A 9 KUBS AR e, X 3R B AH 5 Ml A
SUIMSR A ARAROCHR 3R I, @8 KT
PRE A e SN v 2 2 N E N S
L TR VTR AP oK £ 2 AR XU P 10
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Risk assessment of invasive fish species in the middle and upper reaches of
the Yangtze River (including Dongting Lake)

TIAN Panpan, DENG Huatang, WANG Daoqun, YU Lixiong, GAO Lei, LIU Shaopin,
CHEN Daging, DUAN Xinbin, WANGKe, TIAN Huiwu"

National Agricultural Science Observing and Experimental Station of Chongqing, Yangtze River Fisheries Research Institute,
Chinese Academy of Fishery Science, Wuhan 430223, China

Abstract: To understand the current status of exotic fishes in the middle and upper reaches of the Yangtze River and to assess
their invasion risks, investigations on exotic fishes were conducted using fixed gill nets, drift nets, and ground traps at 22 river
sections of the main stream and tributaries of the middle and upper reaches of the Yangtze River, as well as at Dongting Lake
and Honghu Lake from May to July and from October to December in 2022. The results showed that a total of 135 species of
fish belonging to 8 orders 24 families 20 species of exotic fishes were collected during the survey period. The investigation in
the Jiangjin section revealed the highest number of exotic fish species, with the highest occurrence frequency being the exotic
sturgeon. Through the Fish Invasion Screening Test (FIST), six high risk invasive fish species were preliminarily screened,
including Oreochromis niloticus, Coptodon zillii and Cyprinus carpio. Further analysis of invasion risk was conducted using
the Fish Invasion Screening Kit (FISK), and a total of 8 species of fish were identified as high invasion risk, C. zillii, Clarias
lazera and Cirrhina mrigalancluding. The ROC curve was used to validate the FISK scoring results, which showed an AUC
value of 0.944, indicating that the FISK evaluation method has a high ability to distinguish species invasiveness and can distin-
guish whether foreign fish have invasion risks in the study water under current and climate change scenarios. Research has
shown that based on the risk assessment results of invasive fish species mentioned above, there are already multiple high-risk
fish species in the middle and upper reaches of the Yangtze River, which may seriously endanger the fishery resources and the
structure and function of the aquatic ecosystem in the middle and upper reaches of the Yangtze River. It is recommended to
increase the management and control of high-risk invasive species, while strengthening the protection of indigenous fish popu-
lations, in order to avoid significant damage to the Yangtze River indigenous fish resources caused by invasive species. This
study can provide countermeasures for the protection of Yangtze River indigenous fish resources.

Key words: exotic fishes; invasion risk; invasive screening of fish; the middle and upper reaches of the Yangtze River
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