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Framework for impact evaluation of invasive aquatic species
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Hierarchical Framework for Impact Assessment of Invasive Aquatic Species
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Tab.1 Overview of questionnaire expert

Hb I, At LR vE i di ke Ll g5 1) ditt TAEARERR hi ke
Region Ratio/% Sector Ratio/% Major Ratio/% Experience length Ratio/%
|7 Shanghai 30.0 I Bt i 34.0 A 47.0 104EL) | 25.0
I 7% Guangdong 8.7 BRI 33.0 BB 38.0 5-104F 54.0
Jb 3T Beijing 8.0 [ 19.0 K= 37.0 DS AR 21.0
Mt Hebei 8.0 el A= 14.0 Ay Frp 35.0
VT3 Jiangsu 6.0 HoAth 1.0 ER7/ES 34.0
1114 Shandong 53 R 34.0
Wil Zhejiang 4.7 W W Ag 25.0
1514t Hubei 4.0 REE T A 22.0
il 7° Liaoning 33 ZUR L 17.0
] Henan 2.7 Bl 12.0
H#E Fujian 2.7 oAb Ll 3.0
HAb 4 M1 Others 17.0
Zi} Total 100 100 100

2 ARSI E BRI

Tab.2 Evaluation parameters and data sources for secondary indicators

kT — BT SetRB Wi kR
First indicator S.e cqndary Parameter Unit Sources
indicator
HEEARR C1 VG A J7 hm? CEHFRRIX GEiH4E % 2019 4E)
s Wk AT C2 H AT km? CE T TR 25 (2022))
Boonomicimpact  ERSLAC  20EREEBELE TR e
Ak Ca INBOK PR TR kn? TR RR 25 (2022))
H 5 C AT R % % Lﬁ’“i@ﬁ%ﬁ@gﬁﬁ &
Eji‘lﬁliiact R CO  HWID R MARBEEIE AN 4 T4 DR T OB AR 4 2010—2024 45
K €7 A T A 5 % LA AR BEARBL A ) (2023)
LR C8 /AT 3 4 %% 13 m?/ind CRMTTAN R AR IR B AR iR 5 (2023) )
B CO USRI B BN (AR AT 2ot
Sofjﬁlzfpzjt LR C10 2004 4G AR T VBT LA I AR AR R 2024 4F T FEE
oz el AR T YHBAE WA KK SR A X R 2 2023—2024 4F
fee R AU €12 BR%eMRiE 0/1 R4S X AR ZE B AR I 2010—2024 4F

TE BRI T A e | IR 55 R | 1 i A S PRI SR A N A A
Notes: Source from Internal reports by Shanghai Municipal Agricultural Commission, Shanghai Water Authority and Shanghai Municipal
Bureau of Ecology and Environment.

1.3.1 ;fryﬂ[']? i R 28 TR A K A VR 1) 2l G i R BF
CI(E% TR AR AR IR E A MK PR BT B IERR DAY R A AR AR IR AR XK
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K RI=0.58; 14~ HAR 240 & 4 T etk b, R,
XTI HRJE n=4 K RI=0.89, 73 I A AR (4)3F
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2RISR
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B, 3T Saaty 1 H 19 9 L FE ZMERREE X 3
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TN, ATER I (BL) () B B 3 T A S
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XA AR (B2) N 44~ 938 bR b 45 P
ELH A3 AT, T RE [ a0 ¢ S, AH 6 B B AR R
HE B (CS)>IK BT (CT) > TN RE(C6)>
Y2 (C).

XAt 2s 52 (B3) T 440 ZHARPr 4T PR
EE 543 AT, TR 9 G0 9 6, AR B B VR R
INSARFFR(CO) > JE (C10)>FE SRR (C11)>
fat R AU (C12) .

22 —HMRERNELE

K AHP JZ2 R 53 1 X5 W7 50 1 A 164715
— AL AL B A B RRAE ) 5w, ooy RO & AR A
XTI AN EE 5 SR 5, AR YR REAE 7 B AW=D, < W, A5
I RAFIEAR A, IR — BRI R A CR. 45
IR, CR<0.1, A 13 B Yl L K 0, 45 S 1 L
#27.

R3I NEREE BT —RISIRFI BT ERE

Tab.3 Judgment matrix of tier-1 indicators

145 Symbol 25540 B1 Economic impact H: 2559 B2 Ecologic impact #1425 B3 Social impact
B1 1.0 5.3 5.5
B2 0.2 1.0 5.5
B3 0.2 0.2 1.0
F4  EFFFm(B1) I Z R IEHRH] i 4E B
Tab.4 Judgment matrix of economic impact for secondary indicators
e HH B C1 ik 2 €2 FRUR C3 I 25 4 C4
Symbol Direct economic loss Clean-up cost Control cost Indirect economic loss
Cl 1.0 5.6 6.1 6.0
C2 0.2 1.0 5.5 5.8
C3 0.2 0.2 1.0 6.0
C4 0.2 0.2 0.2 1.0
RS AESEM(B2) T AT RISFRH BT 5 M
Tab.5 Judgment matrix of ecologic impact for secondary indicators
(=) AL C5 A5 e Co KA C7 ZREECS
Symbol Niche Ecological function Water quality Diversity
C5 1.0 5.5 53 5.9
Co6 0.2 1.0 5.6 5.5
C7 0.2 0.2 1.0 5.5
C8 0.2 0.2 0.2 1.0
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&6 AN (B3) T AT RISHRH BT 5

Tab. 6 Judgment matrix of social impact for secondary indicators

5 Symbol HHHJE C9 Recognition

K C10 Attention

i XU C12 Health risk

#2240 C11 Social panic

C9 1.0 5.4
C10 0.2 1.0
Cl1 0.2 0.2
Cl12 0.2 0.2

5.5 5.8
5.6 5.7
1.0 53
0.2 1.0

RT ANBEKEEYEAFMNE

Tab.7 Weights of overall impacts for aquatic invasive species

Y HF First indicator i REOE T BE W AU Wy, TRAFHEAR 2 —HCHERT CR
Symbol Eigenvector Weight Max eigenvalue Consistency test
225520 Economic impact Bl 2.2 0.7
H: 552 Ecologic impact B2 0.5 0.2 3.0 0.05
#2252 Social impact B3 0.3 0.1
448 h5 Secondary indicator
A% Direct loss Cl 2.6 0.7
BRI Clean up fee C2 0.5 0.1 4.1 0.02
EERAR Control cost C3 0.5 0.1
[A]$451% Indirect loss Cc4 0.4 0.1
H: 547 Niche Cs 2.6 0.6
A5 TBE Ecological function C6 0.5 0.1 4.1 0.02
7K JFT Water quality C7 0.6 0.2
Z eV Diversity C8 0.4 0.1
iR 7] Recognition Cc9 2.6 0.6
K E Attention Cl10 0.5 0.1 4.1 0.02
#2724 5% Social panic Cl1 0.6 0.1
fFEAES: Health risk c12 04 0.1

23 BHEBANEIZWEGTS

O IR R DEAT B AR B 3 BR A5 A
PREEA—RR N . B, a5 TR
TR bRy A2 R A -

w; = Wy x W, (5)

s Wy, FR N 255§ T — 24 b 1 ) i A T
(el 1,3], 705Xt 257 A A kb 252 s W,
s HBR)Z 20/ I AR B EAE (el 1,121,
T3 BRI A — AR BR T 40— ARAR ) s SR bR
INBCR ARG R EREPFA F L F>0 3 12 XA 5 15
AR i T LTI 357K 5 F<0, R i X I8k
AT K 25 KPP AR E LR 8.

ARSI RN, LI X2 R A IR AR
FEMELA S35 25 5 45 e BT ) 03 4 BN T
U T 1S3 A h e SNEUE SR A
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3.1 HENE (— R dEhR) s H &R
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Tab.8 Assessment scores of pomacea canaliculata invasion impact by district in Shanghai
TTHIX District
L 2
;ﬁ A ey
. Overall 1l i W el EEE [ESER) WA EHW T X

Secondary indicator

weight Baoshan Chongming Fengxian Jinshan Jiading Minghang Pudong Qingpu Songjiang Central

urban
T2 Direct loss 0.5 12 23.5 10.5 12.8 32 1.1 5.8 9.6 12.2 0
1 bR 3% Cleanup fee 0.1 45 11.4 4.4 23 1.2 0.9 12.2 4.4 3.7 0.8
B IAR Control cost 0.1 85 320 25 130 78 250 80 48 150 30
6] 42451 2% Indirect loss 0.1 0.8 26.5 5.7 2.1 0.7 0.9 6.1 2.7 2.1 0.5
A A543 Niche 0.1 65% 50% 54% 5%  70% 70% 85% 80% 80% 40%
1= Z531fE Ecological function  0.02 2010 2013 2008 2007 2008 2005 2006 2004 2003 2006
ii fgnmcifﬂ‘f “Eztzrr‘;‘;‘;‘?;‘s’“ 0.03 0 11.1% 0 0 0 0 20% 0 3.7% 0
ZAEPE Diversity 0.02 1/1600  1/1500  1/2300 1/2200 1/2000  1/1800  1/3000 1/2000  1/2500  1/1200
HHR JJ Recognition 0.07  1/60 1/50 1200 1/1500 1/1200  1/790  1/1200 1/2600  1/3300  1/4800
JTEJE Attention 0.01 270 500 300 150 120 120 400 200 350 300
A2 Social panic 0.02 63 215 217 200 120 144 326 127 89 406
{d 32 KUK Health risk 0.01 1 0 0 0 0 0 1 0 0 1
L5 T4Y F Scoring 0.4 1.6 -0.05 02 0.5 0.5 0.2 0.06 03 0.9
F9 LEEXEEBAERETSHF
Tab.9 Ranking of pomacea canaliculata invasion scoring by district in Shanghai
FhBA S IX LEAVESY PRifE(E [ER A4
Tier District in Shanghai Scoring Z-score Percentile
I FEUIX 1.6 2.3 99.0%
I T 0.3 0.5 68.0%
I AliX 0.2 0.4 64.0%
I AKX 0.2 0.3 61.0%
Il HifX 0.1 0.1 53.0%
I ZBEIX -0.1 0.1 47.0%
m FiX -0.4 0.7 26.0%
m PIFTIX -0.5 -0.7 25.0%
m FAEIX 0.5 0.8 22.0%
\Y X -0.9 -1.3 9.0%
3.1.2  BinE(ZgudErR) s R &R I fhessm b 2 ARPER 7 (C9) 1) B SV By

W 10 IR, 42 Jm A E HE 44 11 S i PR AR K
M (D BT (CL), () SR (C5),
Q)VEFHA(C3), (4)IEBRTEH(C2), (5) AN
WH(C9) . ATFREMA 3 TR bR AR S, B C1 .
C3.C2, /R &V 4t AR A VAN i 3= T A7
“lE]FE R (C4) " FNEE 6, 4 TN A B4 b v B 22
PEEARAY R/ IMEOKAR TR 84k C4, 2K
IRTE RN, — AN 2 A H LS Y R (C3) 5
FE W B X 88k (C2) o AR AS R AR S A A A
(C5) 7 4 JaA B — R I 1 7w R Ak
ZAEHR , WA A R AR AR A S R G 1A=

K, U BN sE B2 E Ll B IR T AR
TIBE ST, IR A R AR AT R (R A 23 AU o
32 NEENREESR

AMITT K B T 45 DX IR A7 AR AR MR AR e
EAEREER TR SMEK I, H, ik
XA AR S M /N, 52 IX I A5 i K. A
R AR IE T RE S L PR EA L. ()5 Ll
IKRFRIEA o LT M AR TR R 38
Ui, 00 D %8 A, K &R A A T GE 4 T
RN AR A L LT U 1 L TR K
B (oKl fadflE A AE) o o, ST S
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£ 9 304.5 m, (5 41 38%; il W %5 JiF 35 7.9 km/
km?, 326 {5 T2 T 290 % i 4.8 km/km?, HG
I DX S K 24 347 km, A AT Y 1.1%, Hom)
) AR, S 1.1 km/km? 7, IR BEEHE FE I, Y]
T IR X %% 1] BB i M A 5 MR AR S T
JEE () SR 2R B 7R 5% B Ry 4 T 4 A BB B 45 1Y
S XK (2) 5 R A A 5 A A7 IR

FE M KA Y IR S K AR AR R
K, KRS 2 M ZE A% . ARSI T L
VA Y KT S AN X RS2 I AT 4
L R AR AN, o, S KR R i A 0
AT R R BT FRAY 76.8%, 5 XK A2 5 e &
Th b H ik 98.7% , R BHIX 5N X IR B ARR
KBRS O A = X

F10 THERBRIERERNERF

Tab. 10 Ranking of overall weight for evaluation at all levels

£S5 Symbol Y FEF5 Indicator 4= A E Overall weight ZH(¥A) Indicator (unit)
C1 FHEAR 0.50 JKFETEAYTT hm?
Cs HAS 0.10 A8 A7 IR AT T 2 T %%
C3 ER A 0.10 2023 4E A AR SR B 5 S/ (T TT/4E)
2 R 0.09 HoAbAT 3 1 A /km?
9 B 0.07 VAN R B4 B OGR/AR)
c4 [EPZIES 0.07 IMBEOK AR T B/ km®
c7 KA 0.03 IR |5 /%
C6 Y 0.02 T UL S A AR IR AR A B A IR /4R
c8 A R 0.02 VI 34 Z M %/ (m?/ind)
Cl1 FE R 0.02 Aib FA 7 IR R (B4R )
C10 RIERE 0.01 2024 AF-Afi 7 MR B 5 005/ JT/4F)
C12 R LR 0.01 2 AARiE (0/1)

33 R4t

GhRAEY AR B SE 0 AT R TE AR SRR 2
3ANYEREHEATIPAL . R AR S e By RS SR AT
AE L A D) 28 5 40 2 B Dy ™ o (H 28 0% 52 ) B
N AT A T B A T A 2SR ) R 2 R i g
Z G — it AR HAS O PR DR LA
it . AHESE R H AHP JZ IR ST AR FF IR A
1R 3 5 T e AT A A . AR oR, &
KWK T 20552 AL (0.7) 2 35 & T A8
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Assessing the comprehensive impact of Pomacea canaliculata invasion in
Shanghai using analytic hierarchy process

ZHANG Zhenyu
(College of Economics & Management, Shanghai Ocean University, Shanghai 201306, China)

Abstract: This study constructs a comprehensive evaluation system to assess the impact of aquatic invasive
species from three dimensions: economic, ecological, and social impacts. First, a questionnaire was
distributed using stratified sampling to collect expert assessments on the relative importance of influencing
factors. Analytic hierarchy process (AHP) was applied to determine the weights. The results revealed that
the economic impact (0.72) was considered more significant than ecological (0.17) and social impacts
(0.11). Top five influencing factors were direct economic losses (0.47), niche occupation (0.11), control
costs (0.09) , eradication expenses (0.08) and public awareness (0.067). Next, the impact of Pomacea
canaliculata invasion in Shanghai was scored across districts. Areas with scores exceeding percentile 50
included Chongming (P,,) , Songjiang (Pg) , Jinshan (P,) , Pudong (P,) , and Qingpu (P,). In
conclusion, a district-diversified and level-specific strategy is proposed for preventing Pomacea
canaliculata invasion in Shanghai, guided by the principles of prioritizing economic impact, protecting
ecologically sensitive areas, and incorporating public participation.

Key words: Pomacea canaliculate; aquatic biological invasion; impact assessment framework; analytic

hierarchy process; Shanghai
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