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Abstract: Aquatic invasive alien species have become a major driver of global biodiversity loss and freshwater ecosystem
degradation, posing serious threats to aquatic ecological security and socio-economic development. Studies on the staged
characteristics of biological invasions indicate that implementing early monitoring during the critical “introduction-establishment”
window and using the results to guide management interventions has substantial practical value. However, the low abundance of
species at this stage presents significant challenges to traditional monitoring methods, highlighting their limitations in sensitivity,
accuracy , and spatial coverage. By summarizing existing research , this paper finds that molecular biological techniques ihave made
considerable advancements and gained widespread application in addressing early detection issues of invasive species in recent
years,including both targeted and non-targeted approaches based on environmental nucleic acids, laboratory and field-based
detection methods, as well as multi-source integration with macro-scale technologies such as remote sensing. Building on a
systematic synthesis of these advances, this study further analyzes current challenges and bottlenecks of these emerging
technologies , their potential solutions,and future directions, with the aim of providing technical support and strategic insights for
early warning and risk management of aquatic alien invasive species in China.

Keywords: aquatic alien invasive species;early detection; environmental DNA ( eDNA) ; biological invasion; aquatic ecological

security

SARANR I BRI GIA GEFIFY BRI GO Megs i 18 N Al BR S A Ak L K 2 T
JE PG Z AN AR St A 2 e AR R RTINSk, AT 4

I 75 B #5:2025-09-24 ;11T H #§ :2025-11-04

ESTE ot SR 45416 H I R B T K % 0 (20252D1207600) 5 4 3R FR 5% 5k 4 (GEF9874)
E—IEE® /A8 TR (1987-) L WAL E XA RIS 5L

BWAESE Rk



104 toE O O KW

H41% ST 20254E 12 A

BRELC 5% 1Y 57 4l 32 FE A R W Bl (Established Alien
Species) # 33 T 37 000 Fft, 3 H 4 4F L1 25 200 Fil
(S B B4 P AT 3500 F AR Sk ) Bl
N RENE 5E i A% 1 B9 A H AR SR AE ) (Tnvasive
Alien Species) *' . [F] I, i %5 4 BR 1k (14 4k 3 A<
e Ay I, 2 BROK A AR AR SRR E
S 2 YEEE YT R AR N R 2R, T L
B F 3 22 97 Ok, # r W) Al B = B B R W I
B TN AR A 0 0 e T P ol L T R
W i PR A5E , AR A AR R 5K B R PR T R —
BRSSO NRZE R TE N E
PPEBE S E Y Y, SR E Y M ES, §
WEAAEREN

CH AR Y Bl 3 24045 29 22% 19 51 ok o
HEZhH) 149 95 MESH P L 11% B9 B2 0 A0 6% 1Y
SPRAEW) T S AR A 29 1/4 5345 T K
ERRG ) BRI 2RV E N, R LAY K AR S
K AR W) B AL 45 K H 5 ( Pontederia crassipes) ' |
& 75 " ( Pomacea spp- )[6] A
( Procambarus clarkii )" F1 % 3k 4 ( Oreochromis
spp. ) AL FEIRK AR RGP, K REAR R
JRE R Z —  BERARIRK AR A 20 i
20 DAK I 5 1< HokoE W s Rk sh
Ky EEARZ BT K IR 5 kiR WL A
ek AT Fos Y, s g,
EILA 177 MoK @ Hhh 89 F)g T [
ST A R IR e 2 1Y XA 6 b 58 W (31
) U (20 F) AEDH (13 Fh) BRYH (11 Fh) Fi
FESEU (10 F) ™, KR A (3 £ 5 A M B
RS Tl B O AN A A X A e 55 04 T K
SRS T E R

VDS 0 AE ) A A= % R DX, v ] T
HAESRGRME T, WICRAZY RS T £
REAR B WG S BR B T I IR 1Y AP R A W IR Bk
T, 2003—2016 AF FREAL LA T 4 HEAMEA
YA WA 71D AR E (2020 A E A
BHERAHR) , 2 EE & WAk AR YR
oai It 660 A 2022 4, 3 E (A B AN
R AR 4 5% ) KA R SR TR A 3 A A
CTT B Wy 55 8 ARBE 59 Fhoh Rk ARAY . Hr,
K ENRK D RGP I £ ARY) TS K #
( Pontederia crassipes) | %5 0> Y& T ¥ ( Alternanthera
philoxeroides) . K ( Pistia stratiotes L. ) |55 K JR#E
Y8 ( Procambarus clarkii ) Fl & 75 ¥ ( Pomacea

canaliculata) %", W X L6 2 /4 5k (0 K A
[ X K AR A R A= W B B A B E — 25 e, {H
ARG B R EARPES, TS, Aok AR
PN ZHE,50% 1 41 Sk A BA YA 25%
AR AR S IR A NS ] T IR W
A RS A S5 R R B [ AR IR L kA,
76. 3% MR AAZ S W) 0 th T4 A AN ™ SR T
BeR R BB 5 ) 58 i T AR AFRE

MAERORF |, HA [ 570 4 DX Y 7K A AR A
R )[Rl RE ™ 0%, BB [ B 52 5 i S5 3 Y
WETT R Wiz A S A AR AR E A
12, Bk BB K AR AR AR IR e XU, A
b bt 5 PRI RO A BRI VE AR W) AR AR DI,
Tt 1 000 FAE A i v 4 F, bl 0
— 2O BE T, 6 AR AR S R G
FR AU XU 1960 4F F] 2015 4F 3k
ST 54 M EAEA YA AL 45 34 FhOURR Y K A S
P INCL/L BN W F AR SN
T 2 3. B I it 3 A5 A ) 20 B DX B TR
iz A 5 B S0 R A W AR 3 A2 B 7 b 4] 4
HEREE Ribid % 17 i 180 Ak ok 4k 4
Pyt I SRR B DL SR T K TUE AL
FAS o Fh 23R AE A 24 d K E R O
MY o2, Fe VR AE S RO W R Z AR AEYA
132 B0 IR PR R, 5 B ER AR W) o S AN TS A
(R G 2 N AR A PR R T A R A
AT E R ST TR EE AR AR
ZHE TLSR A 141 R RSN A P A 43 Bl
C R AR W) Bl Horbf & 3 Fh fa 2k 25 Fif
TEHHES Y 15 FhRL A B2 W YA B A
K ( Spartina alterniflora ) | h i D ( Mytilopsis
sallei) F1 55 BC 8 ( Morone saxatilis) 25" X 264
W AR 22 N A AL (i fn i iz | 2t
M E 5 55) 5 A KK DT 8 (MR 3w 5
L SR Bl

N2 LU U SN VAT e Y SRR O &
YW S B EY 2 R A AT R, H
H T KA A AR B BAT Bt Ve AR A i 2z s 0 4
ARAF AR B P B R B A D B R i S A
B KA SR W AT TR A A A
M) H R, SN RD AR ST 2K Y 2
ek RS RGIRL 5 A B 2 XK F TR &
PR R Z — , PRI EE XK 2R SF ok AR B
B R AR e M HOR FIBUR R,



B BEE KRS SR AR Wi ) S50 4 0 5 ik BT 9

105

SRR SR INGI I/ N CEU N B L S 28T
A —E B — 1 N —3HJC A B B, OF 2 B
SENE R LB RS EA N, A AR
FROGHEE SN PG A M 2B S R G450 5 T g
AT AW R (1) R AR R 2
R LT AR AR YRR (The Global
Invasive Species Database, GISD) A= cx
A BRGNS BN [ B 22 UK T & F 2023 4F i
HRAT I O R AR Wy Pl B L4 il & 8T A i
EYRIAE T, 2019 4F 4Bk A= W) A 1R 1 BB 28 5 5
Kt 4230 {23600 Bopr ik se £ W, 3 E 8
AW AR G A W™ EARAR N 1973—2022 4F:
(ORI EID T FN L/ E RS 280 E N
RENT 31246.6 {20 (L 2017 4EE T ),
ra NRM 211189.5 /27T, 4F ¥ 2 4 223.8 12
G 5 3 T 2 o 0 3k 0 AT AR ECEE , Bt & uR iR
4250. 8 {¢.3E 70, 3% WG B 43 ) 4 Bk AR B
AEHE E (InvaCost) i 11 H 19 6.36 £% Al 3.32
FEE L SR AR S B B I 5 T, e R
FECGIAT 5 B Z E i CHE R T, 2 h Y
AR 25 AU B 458 1 A% 0 SR 22— 1% R B By
B, AR W) v oA i ST R e AR FL AR A oK 52
RN RGR G, A BEAE I B B S B B
TR0 I b s w17, i AT LA L R L H 9 PRl
R HL T B 3l ) T R S X3, A 5 B T L A
CIERLTECYHC BB, X — i B AU R AR
Y Z R B kAR AR S DRk B
WS AE SRR R ORI M REEARN, 5
WRAET ARG, LGB K E b 2 AL SR
FRAR AR EE, pl R0 W 0 T 1 R YA B Y AR
TR - 75 RO R 3 /N |1 R i A R R HO
A BT N1 W 0 R B R Y T 3 0
[ B, F7 300 9 B AR 1, TSI PR A RTORG o 4
il G T A I IR B < DU AR, Sy A, R
W By TR A B FHEASRE MR K A
3R BT T BT I, B AR R e R 2 00 AN B E P
SRR SN A A K 7 VR e AN e
W5 7 45 By B, 2 2 T IR B AR L H Ak I B S
I 1 A 725 22 5 D R R 1) R B

SRIAT, 1o A= 25 4 19 3000 W0 00 o, o s 2 R
Pk . B TR ARSI SR AR PRI AE AR TR 5K
A D 23 ) A A B B Y B P | A%
GuAR s N TR A AT H R A 19 T 1 £ R X DL S B
ARG ), — S AR R R AR Bl | B4 i

B IS A T R T K A FR LR W s TN T
SRR T 3 L 2o R M T B 4 AR TR S
T WA A AR ATEIL S LA Y A
JEARARL, BE— 2L 34 1 4 Ff AR 5 A AR A DA 1 X
BB, By 3 IR A s 4 o D 2R BRAR BU) H O0 ARE
WO e T e RABURE | A S A T RS A R T )
WA, 25 1, Sh o Wy ol B 300 00 A A A A 2
HEPE LY T ARG S B AR R TR R
A I AR P 5 R R B T . R DL R
A 0 M A A )R B U R R R R O L X
KA SR TP AAR R B DI A 2% e 5 2 T AR

SE I B Ry 1]
Ex 30
H\/ Sy B 2 AR
o7 [k B ampl R

& ) ’/’ B -
T AT NS,

27 MR B A

-

HIRF N KRN
o7 | xEmnsatE
BIA 2"
AR ER A REE
27" D B LR

AR
E1 EMANEHERAELSEETRERE

Fig.1 Schematic diagram of biological invasion
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stages and their ecological impacts
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