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Assessment, ranking, classification, and grading methods
for invasive species based on their damage
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Abstract: China is one of the countries most severely affected by invasive species. With the increasing number of invasive species,

assessing, and classifying invasive species based on their potential damage and impact to strengthen focused management is necessa-

o
ry. In this review, we classified diverse assessment, ranking, classification, and grading methods for invasive species’ damage to all
species groups, worldwide, and evaluated the advantages and disadvantages of each method. According to the assessment contents
and quatification and presentation of the assessment results, the main methods can be divided into four categories: expert qualitative
grading and ranking, impact grading and ranking based on literature evidence, grading and classification considering impacts and
other factors, and multi-index comprehensive evaluation based on analytic hierarchy process. Among them, two methods, the impact
classification for alien taxa and the general impact scoring system, have high repeatability, stability, and scientific evidence and are
widely used. We compared these methods in terms of application, assessment objective, content, and results, and method stability
and found that the present index systems and Chinese multi-index comprehensive evaluation method used have certain shortcomings,
including incomplete evaluation contents and low stability. Finally, we propose improvements for the multi-index comprehensive eval-
uation method, hoping to improve the Chinese risk assessment method and assessment systems for invasive species. Supporting relat-
ed research and management work will be needed.
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(AL HEA T T ( 2R AR LD RN 2R 25 57, 20185 IR 4K,
2020; FMRIAE,2017; B 5L 2021) . MWE X E
25 BH H 38 UG T AR, B Al 3 A
(LR S IREE St o 2 B2 e A o3 A X S L
i€ /1 (Nentwig et al.,2016)
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S 158 VA B UORI R AR R

AR PR I & T 285k AL HE
FP AR TG 3 5 5 AR B, DAL 25 RAERL - 48 B
AR HESh B B BOR & B S A AR RS 5 T
EH T EEEM (E L ,2015; Bernardo-Madrid et
al.,2022; Essl et al.,2011; Gonzalez-Moreno et al. ,
2019; Keller et al.,2017; Kil et al.,2015; Nentwig et
al.,2016; Roy et al.,2018; Vila et al.,2019), H
VR 2205 VA BB X A A ) b AR T R XU T Al
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BTN IR & T B Y DLk A o
TE S ESN T R, 32 TR E 2484 5V
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AIAARAE R 70 4 2590 % R AR
— AR (TG SUM 2 A, 2018 BN B AR
2014) . BRARIPHI7 L AVAG IR, BT XK
RS NI BT R EE 2, 2 BB HAN
B RS 250K P BRI, R R 3 U
R B2 M AT A BE AR X AR, ] 5 1 ARG o
W7 (Essl et al.,2011)
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i A 2 WA T7 2R R B R R E AR
DR S U AN 1 A N 1 S 7l !
(International Union for Conservation of Nature, IU-
CN) ZHAVEL ZZH A IR A R T84 %2 ( Global Inva-
sive Species Database, GISD) H 3k ) T &
H R 100 FP AR (UERET AF,2022; fRECE
45,2021 ; Lowe et al.,2000; Luque et al.,2014) , KX
IEI R A LU 2 4 BRI A AR Fh £ 8 4 ( DAISIE-
inventory of alien invasive species in Europe) #1335
T RR M 5 fE B Y100 AP OAC(R Bl (Vila et al.,
2008) . FREHL T LRAXIMRMNA FEEY S
R BRI IEAT 1O S o Al

LHRMAAWE R H AT S OCE S &
FEBAGE A RN, ZIrERg el
RETAS €45 - ENE e - JiF- N (E]
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PARERYE L, NI g5 46 1 X0 ARl A 35 5 il 114 15t £k
7% [& (Nentwig et al.,2018) , TRUASWITENEN
MR DT A TE LA R B R S a8 K
AR T2 B e F I AN 2 O B TR
SN R FERIBZ R (FREE,2016)
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classification for alien taxa, ICAT) , R4 KFPIREE 2
M 73 2% 7% ( environmental impact classification for
alien taxa, EICAT) ISR Akt 2 15 28 55 5 M 73 4
% (socio-economic impact classification for alien taxa,
SEICAT) ( Bacher et al., 2018; Blackburn et al.,
2014) . 3X 2 By AR T IEAR 28 19 SR A 2
VAL P92 TP A P b o BRI 5 4 2 48 B 3 R AN
SR, PR SE PR T AT AR i T BA e 3

PERI A RITAL . H T2 Z AW AE A W5 07
¥ BTE ) EICAT+J7 3k RERE PG SR M A2
ZREVE IR e, EL R k0 AT R D
(Vimercati et al.,2022), VL e EICAT J5i%
E 8 TUCN R BRiE

VL EICAT A, A AP AR . #4fE EICAT
PEAl b5 7 ( Hawkins et al.,2015; Kumschick et al.,
2020; Volery et al.,2020) , PEA i REA0 4% 5 MR,
RIFPEAL PEAL A BdE 545 R 58 78 GISD i
i, PGB AR BRI 1 et AR NI L AR
PEAR v LR ISR R PPAG A= P i SCRR DR ; HC
UK, AR S 17 0 3 A AR Tl ox B 35 3 1A 3 Y AL
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P FREOR S R RRAR AL KT AL, X 25 A 1 1Y
SCHRPE 5 880408 P2 A 1) 5 ik 5 A iR D B 1) | B Ab
L SORIE SRR TR RLE . T RCE A A
AT VAL N 2S5 2 PP Al AR o, A2 SC
HRTESE 04 5 | T SC45 A0 PE Al i 7 19 52 B0 5%, ICAT
T3 W R e MV 7 vk A B w2 AT
{FRERA] A
2.2 BRPWITS RS

18 H R W PE4> 22 45 ( generic impact scoring sys-
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T &M R SCHRIESE , TR L 20, GISS Jrik
JEME——RENE W 4 P AR AR R AR S H S
o m Ik, O E A 12 TP 2R
S, LA 6 28 (R AR XS A S5 A |
S A 7S FR G R 3 3 5 | 0 B
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SRS 0~5 43 (Nentwig et al.,2016)

GISS Jrik i@ it T PPAl 48 S RUA | W] 34 S
PRULBABEATPPAG o 3207 05 1 e T B AR 16 B R X 1F
PIAG AR B SCER AT R 25 FLUORE 12 A TFAl 28
BIBUIRAT, I 45 SRR 5 PFie ) [A] i R5 221
i gy AP 1Y AR B s B e s 12 DIPAG 1S
SINRL ARG GISS By, Bk AR MG
SRR BE BOHEY . RS PE A AN B R, H 2
B L GISS B3 10~ 19 43 R rh &2, 20 43
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NAPS) 7k JEAAZ TP BE 73041 B O AR 25 1
520 ( Narscius et al.,2012; Olenin et al.,2007; Zaiko
et al.,2011) o Ik A SCARIE DI 4 25 o0 Aikg
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3.2 MESRTE

PRk A1 s P A= 25 52 i PEAG 5 (generic
ecological impact assessment of alien species, GEI-
AA) ZEAAR I AR 1 54 52 ( Gederaas
et al.,2012; Sandvik et al.,2019,2013) . AfZ# 7
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SR A T AR UETLAY GISS ICAT F k& & fl A
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TR Hrk i Z AR EE A PR L 2 TR [
ST A FER RS A7, SR E 30 RAE Y
B EEY RS AR I, R R —E Be
TE A FPSETE A A2 ) AR KBS, 23 B v k4% B R A
FH(ZE R LT MIZE25% 2018 120K ,2019; FHREE,
2022)

B BRI B AR R AR L2027 (Food and Agri-
culture Organization of the United Nations, FAO) #
Ak 5] Shiroma Sathyapala 72 X K-tk S8 HE 5 77 % L 4g
HEEHL,

&% 30k

MR, PhEDY, shAe, BRI sknk, g, kE
R, XIJ72#, 2020. & E Ak AT 55 B | ) A0 %
. AYEAFR, 29(3); 157-163.

B, FRA, AINFE, BARE, BB, 2015, SRAR
VB P HET R R R A SRS, 34(2).
179-186.

BB R AR AR EE 4, 2016, F RAFH K £,
bt Bl ARt

E Mol )R, 2011. LY/T 1960—2011 Mk At st B % A &
RGN R iR B AIAL, JE R0, b EFR v

] GOMR Al R 5 AP R R S 3 By v A, 2020,
EARL A E A4 2014—2017 A B LA ELYES
AL AE HE MOl AR

BRILIL, JHA, SRRE, RIS, WIRAL, &K%, 2021, ¥
TTARMRR 2 el S e A AR B e A AR DR 25 1A
Ze¥ IR 39(2) . 28-35.

A, Bizvk, T, WOCH, 1995, 45 F A Y fa i v
W BB AT TR IT. A AR, 9(4) : 208-211.

AL, R, 2018, A EF A YR 4T A A A
HHE MRS, 44(5) ; 134-145.

BAZVK, 2019. B EAY RSP TAERR. Mm%, 33
(6): 1-5.

4N, ZEHE, 2018. P ESMRAEH S L F. LT, &
EHE AL

WA, 2020. HE A MR 547, JLaT, Bl it

Wak, TR, ZERRLL, ERAR, M, SRKTY, 2015, BH
AW ZREE BARELR T AR AR AR REB . Mm%
29(5) : 39-41.

IMEI, ZE, SREEAR, TREREK, WE4OR, ZRARLL, 2017, Mb
Fp S AR R Y XUBS TEAL . AR AR B SR, 44(3) .
436-444.

FHE, T T, 225, B4, 2022, ARSI T

FHRRGE IS R, A 4737, 48(6) : 187-192, 206.

TEiE, 258l , Daw, 2015, BiANRRY BRI AR %%
KI5y, M %5 FRFR, 37(2) : 185-202.

CEWETT, T, BREME, skZOW, EEAE, IO, REESY,
XUTT24, 2022, “HH 5 100 TR ANk A =¥ Fh 7 723 1=
REFIIAGR IR, 44454k, 31(1): 9-16.

TRIEFE, 2016. godtFml ok K. 5 M. LifE: FIGIHZ KA
Hy AL

AR, TR, BA K, 2021, &ERINE AR R SHYIA
FAYBE R R, A& A F IR, 30(3):
157-165.

WK, ATAIR], B8 1K, 2024 h MO AR A 9 e sAR
BT B TAERRIT. B Aasksm &, 43(1): 34-40.
JEEE, F/NEY, EARE, Bl BaiL, 2017, LRAE Ak
K AARAE W B 3 A 4% Jmy B A 0 R 0% M A 5 5 3R

2017, 35(5) : 679-690.

FUNFS, XA, AFiee, BOEHE, s, BRm, X, &
WL, TR, AR, 2014, T ESNR AR 99
W5 o B A M R ar M. A B AR, 22(5):
667-676.

BEAE, 2021 AR ASF. JUAT: PR A

BACHER S, BLACKBURN T M, ESSL F, GENOVESI P,
HEIKKILA J, JESCHKE J M, JONES G, KELLER R, KE-
NIS M, KUEFFER C, MARTINOU A F, NENTWING W,
PERGL J, PYSEK P, RABITSCH W, RICHARDSON D
M, ROY H E, SAUL W C, SCALERA R, VILA M, WIL-
SON J R U, KUMSCHICK S, 2018. Socio-economic impact
classification of alien taxa ( SEICAT). Methods in Ecology
and Evolution, 9(1) : 159-168.

BERNARDO-MADRID R, GONZALEZ-MORENO P, GALLAR-
DO B, BACHER S, VILA M, 2022. Consistency in impact
assessments of invasive species is generally high and depends
on protocols and impact types. NeoBiota, 76: 163—190.

BLACKBURN T M, ESSL F, EVANS T, HULME P E, JE-
SCHKE J M, KUHN I, KUMSCHICK S, MARKOVA Z,
MRUGARA A, NENTWIG W, PERGL J, PYSEK P,
RABITSCH W, RICCIARDI A, RICHARDSON D M,
SENDEK A, VILA M, WILSON J R U, WINTER M,
GENOVESI P, BACHER S, 2014. A unified classification of
alien species based on the magnitude of their environmental
impacts. PLOS Biology, 12(5) : €1001850.

BRANQUART E, VERREYKEN H, VANDERHOEVEN S,
VAN R F, 2009. ISEIA, a Belgian non-native species as-
sessment protocol // Science facing aliens proceedings of a sci-
entific meeting on invasive alien species. Brussels: Belgian

Biodiversity Platform: 11-18.



.18 - A AR (T EES0)

Journal of Biosafety %34 %

CONVENTION ON BIOLOGICAL DIVERSITY, 2020. Global
biodiversity outlook 5. Quebec: Montreal: Convention on Bi-
ological Diversity.

DIAGNE C, LEROY B, VAISSIERE A C, GOZLAN R E,
ROIZ D, JARICI, SALLES J M, BRADSHAW C J A,
COURCHAMP F, 2021. High and rising economic costs of
biological invasions worldwide. Nature, 592 571-576.

ESSL F, STEFAN N, KLINGENSTEIN F, MILASOWSZKY N,
NOWACK C, RABITSCH W, 2011. Review of risk assess-
ment systems of IAS in Europe and introducing the German-
Austrian Black List Information System ( GABLIS). Journal

for Nature Conservation, 19(6) : 339-350.

GEDERAAS L, LOENNECHEN M T, SKJELSETH S, LARSEN L
K, 2012. Alien species in Norway : with the Norwegian Black List
2012. Norway: The Norwegian Biodiversity Information Centre.

GOERLANDT F, LI J, 2022. Forty years of risk analysis: a
scientometric overview. Risk Analysis, 42(10) ; 2253-2274.

GONZALEZ-MORENO P, LAZZARO L, VILA M, PREDA C,
ADRIAENS T, BACHER S, BRUNDU G, COPP G H, ES-
SL F, GARCIA-BERTHOU E, KATSANEVAKIS S, 2019.
Consistency of impact assessment protocols for non-native
species. NeoBiota, 44: 1-25.

HAWKINS C L, BACHER S, ESSL F, HULME P E, JESCH-
KE J M, KUHN I, KUMSCHICK S, NENTWIG W, PER-
GL J, PYSEK P, RABITSCH W, 2015. Framework and
guidelines for implementing the proposed IUCN Environmen-
tal Impact Classification for Alien Taxa ( EICAT). Diversity
and Distributions, 21(11) ; 1360-1363.

KELLER R P, KUMSCHICK S, 2017. Promise and challenges
of risk assessment as an approach for preventing the arrival
of harmful alien species. Bothalia-African Biodiversity &
Conservation, 47(2) : 1-8.

KELLY J, O'FLYNN C, MAGUIRE C, 2013. Risk analysis
andprioritisation for invasive and non-native species in Ireland
and Northern Ireland. Belfast: Northern Ireland Environment
Agency and National Parks and Wildlife Service.

KIL J, MUN S, KIM C G, 2015. Risk assessment tools for in-
vasive alien species in Japan and Europe. Ecology and Resili-
ent Infrastructure, 2(3) : 191-197.

KUMSCHICK S, BACHER S, BERTOLINO S, BLACKBURN
T M, EVANS T, ROY H E, SMITH K, 2020. Appropriate
uses of EICAT protocol, data and classifications. NeoBiota,
63. 193-212.

LOWE S, BROWNE M, BOUDJELAS S, DE POORTER M,
2000. 100 of the world's worst invasive alien species: a selec-

tion from the global invasive species database. Auckland: In-

vasive Species Specialist Group.

LUQUE G M, BELLARD C, BERTELSMEIER C, BONNAUD
E, GENOVESI P, SIMBERLOFF D, COURCHAMP F,
2014. The 100th of the world’s worst invasive alien species.
Biological Invasions, 16, 981-985.

MCGEOCH M A, GENOVESI P, BELLINGHAM P J, COSTELLO
M J, MCGRANNACHAN C, SHEPPARD A, 2016. Prioritizing
species, pathways, and sites to achieve conservation targets for
biological invasion. Biological Invasions, 18(2) : 299-314.

NARSCIUS A, OLENIN S, ZAIKO A, MINCHIN D, 2012. Bi-
ological invasion impact assessment system: from idea to im-
plementation. Ecological Informatics, 7(1) ; 46=51.

NENTWIG W, BACHER S, KUMSCHICK S, PYSEK P,
VILA M, 2018. More than " 100 worst" alien species in Eu-
rope. Biological Invasions, 20(6) ; 1611-1621.

NENTWIG W, BACHER S, PYSEK P, VILA M, KUMSCHICK
S, 2016. The generic impact scoring system ( GISS) ; a stand-
ardized tool to quantify the impacts of alien species. Environ-
mental Monitoring and Assessment, 188 1-3.

NENTWIG W, KUHNEL E, BACHER S, 2010. A generic im-
pact-scoring system applied to alien mammals in Europe.
Conservation Biology, 24(1) : 302-311.

OLENIN S, MINCHIN D, DAUNYS D, 2007. Assessment of-
biopollution in aquatic ecosystems. Marine Pollution Bulle-
an, 55(7/8/9) : 379-394.

PERGL J, SADLO J, PETRUSEK A, LASTUVKA Z, MUSIL J,
PERGLOVA 1, SANDA R, SEFROVA H, SIMA T,
VOHRALIK V, PYSEK P, 2016. Black, Grey and Watch Lists
of alien species in the Czech Republic based onenvironmental
impacts and management strategy. NeoBiota, 28 1-37.

ROY H E, RABITSCH W, SCALERA R, STEWART A, GAL-
LARDO B, GENOVESI P, ESSL F, ADRTAENS T, BACH-
ER S, BOOY O, BRANQUART E, 2018. Developing a
framework of minimum standards for the risk assessment of
alien species. Journal of Applied Ecology, 55(2) : 526—538.

SANDVIK H, HILMO O, FINSTAD A G, HEGRE H, MOEN
T L, RAFOSS T, SKARPAAS O, ELVEN R, SANDMARK
H, GEDERAAS L, 2019. Generic ecological impact assess-
ment of alien species ( GEIAA) : the third generation of as-
sessments in Norway. Biological Invasions, 21, 2803-2810.

SANDVIK H, SETHER B E, HOLMERN T, TUFTO J, EN-
GEN S, ROY H E, 2013. Generic ecological impact assess-
ments of alien species in Norway: a semi-quantitative set of
criteria. Biodiversity and Conservation, 22, 37-62.

VANDERHOEVEN S, ADRIAENS T, D'HONDT B, VAN GOS-
SUM H, VANDEGEHUCHTE M, VERREYCKEN H, CIGAR



TRECERSE . ARFMEF BPAGHEF 5 70 280 907 1 <19 -

J, BRANQUART E, 2015. A science-based approach to tackle
invasive alien species in Belgium: the role of the ISEIA proto-
col and the Harmonia information system as decision support
tools. Management of Biological Invasions, 6(2): 197-208.
VILA M, BASNOU C, GOLLASCH S, JOSEFSSON M, PER-
GL J, SCALERA R, 2008. One hundred of the most invasive
alien species in Europe // DAISIE. Handbook of alien species
in Europe 2009. Dordrecht: Springer Netherlands: 265-268.
VILA M, GALLARDO B, PREDA C, GARCIA-BERTHOU E,
ESSL F, KENIS M, ROY H E, GONZALEZ-MORENO P,

2019. A review of impact assessment protocols of non-native
plants. Biological Invasions, 21(3) ; 709-723.

VIMERCATI G, PROBERT A F, VOLERY L, BERNARDO-MA-
DRID R, BERTOLINO S, CESPEDES V, ESSL F, EVANS T,
GALLARDO B, GALLIEN L, GONZALEZ-MORENO P,
GRANGE M C, HUI C, JESCHKE J M, KATSANEVAKIS S,

(E#F 10 7)

FEE, SR, AU, BREYE, 2018. 2007—2017 4E5hK
AR HURURS: A 4 SCHR 73 AT B T DRURS, B Ak 45 2 4
7. PER LK FFIR, 23(8): 225-238.

TN, SR, s, 1995, N TR IR B A A5 E BT I
ARG HBGREZ MIEC R, Fk IR, 4(3) : 75-80.
RE, 2017, URAALT 5T AR AR BT S STk

WO, 7@, 37(7) : 934-946.

CEEH , Thn, BREME, sk, Rk, IO, REESY,
XT3%, 2022, 5 100 FOBAESNR A Gl 15 3 2]
REGE AR, %254k, 31(1) : 9-16.

4, BTUE, 2022, FET CiteSpace A2 M) AR WFSE N
R RE ST, SRR 5 IEIRZF, 42(5) : 51-55.

U, MR8, R, 2022, FRE T =B E TS
WA RGP R SR, A2 A FR, 31(2):
95-102.

Kot ddEs, 20130 SCHRTT R 5 N A 0BT I LRI
B 48 T LA, 208(6) : 64-66.

CAMPBELL S E, SIMBERLOFF D, 2022. Forty years of inva-
sion research; more papers, more collaboration...bigger im-
pact? NeoBiota, 75. 57-T7.

DUTRA SILVA L, BENTO ELIAS R, SILVA L, 2021. Model-
ling invasive alien plant distribution: a literature review of
concepts and bibliometric analysis. Environmental Modelling
& Software, 145 105203.

ELTON C S, 1958. The ecology of invasions by animals and
plants. London: Springer Science Business Media.

ENDERS M, HAVEMANN F, JESCHKE J M, 2019. A cita-

KUHN 1, KUMSCHICK S, PERGL J, PYSEK P, RIESEBERG
L, ROBINSON T B, SAUL W S, SORTE C J B, VILA M,
WILSON J R U, BACHER S, 2022. The EICAT+ framework en-
ables classification of positive impacts of alien taxa on native
biodiversity. PLOS Biology, 20(8) : €3001729.

VOLERY L, BLACKBURN T M, BERTOLINO S, EVANS T,
GENOVESI P, KUMSCHICK S, ROY H E, SMITH K G,
BACHER S, 2020. Improving the Environmental Impact Classi-
fication for Alien Taxa (EICAT) ; a summary of revisions to the
framework and guidelines. NeoBiota, 62; 547-567.

ZAIKO A, LEHTINIEMI M, NARSCIUS A, OLENIN S, 2011.
Assessment ofbioinvasion impacts on a regional scale; a com-

parative approach. Biological Invasions, 13; 1739-1765.

( FTAE 5 5 . 7 440 )

D 0 0 0

tion-based map of concepts in invasion biology. NeoBiota,
47 23-42.

LU M, HULCR J, SUN J H, 2016. The Role of symbiotic mi-
crobes in insect invasions. Annual Review of Ecology, Evolu-
tion, and Systematics, 47 487-505.

MUNOZ-MAS R, CARRETE M, CASTRO-DIEZ P, DELIBES-
MATEOS M, JAQUES J A, LOPEZ-DARIAS M, NOGALES
M, PINO J, TRAVESET A, TURON X, VILA M, GARCIA-
BERTHOU E, 2021. Management of invasive alien species in
Spain: a bibliometric review. NeoBiota, 70: 123-150.

SIMBERLOFF D, 2013. Invasive species: what everyone needs to
know. Oxford: Oxford University Press.

STEVENSON E A, ROBERTSON P, HICKINBOTHAM E, MAIR
L, WILLBY N J, MILL A, BOOY O, WITTS K, PATTISON
7., 2023. Synthesising 35 years of invasive non-native species re-
search. Biological Invasions, 25(8) . 2423-2438.

WAN F H, YANG N W, 2016. Invasion and management of
agricultural alien insects in China. Annual Review of Ento-
mology, 61 77-98.

WRAY A K, AGNEW A C, BROWN M E, DEAN E M, HER-
NANDEZ N D, JORDON A, MORNINGSTAR C R, PIC-
COLOMINI S E, PICKETT H A, DANIEL W M, REI-
CHERT B E, 2024. Understanding gaps in early detection
of and rapid response to invasive species in the United
States ; a literature review and bibliometric analysis. Ecolog-

ical Informatics, 84. 102855.

(WIEGH . R E)



