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LTRSS KAROM O SH LR T 2 4 7)) X~ T ¥HH Neocaridina spp. |22 > T mtDNA f#HT
BLOREEEOWELXITo7:. mDNARITZITo7-7 7 ) A T VHITIR R 5L L CTXFISN52
LB, ERIE B X ONUIE I EE OFER DS Neocaridina aff. denticulata, TR, T2 EED &
OHEH I EE DREARISN. davidi Td % £ E 2 b7z, FRCHREIIEND» S ORIEE LTl SN T 5.
LEBTAOEA /LN A T ) X~ T X, FHARLFERFEOL, A LakEk 530
AIETOEMEIZ O WT—HOWINH THEEZEN R ON2D, WEXIToREBEEICBWTING2
T OZEZ R THL PR N o7z,

This study investigated Neocaridina spp. from five locations across five river systems in Nagoya City through
mtDNA analysis and morphological measurements. The mtDNA analysis revealed two distinct groups, each
corresponding to a different species. Specimens from the Shonai and Yamasaki Rivers were identified as
Neocaridina aft. denticulata, while those from the Fukuda, Nakanoshima, and Ueda Rivers were identified as N.
davidi. The latter, in particular, has been reported as an invasive species from outside Japan. Morphological
differences were found between some rivers in traits such as the RL/CL ratio, the number of teeth on the upper
margin of the rostrum, and the curvature of propodus of 3rd pereopod. However, no clear morphological

characteristics were identified that could distinguish the two species.
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534

e FU K0 A1 7 1) X~ I ¥ JE Neocaridina Kubo,
1938 (LlfeA 7)) X~ ZEH) IRT7 I 71204 L,
WTIX 3 F I XY EN. denticulata (De Haan, 1844), 1
F T~ XX LY N. ikiensis Shih et al., 2017, 1 1)
FET XY IYN. iriomotensis Naruse et al., 2006, 1 > 4
¥ X~ LY N. ishigakiensis (Fujino & Shokita, 1975) @ 4 i
D ST % (Kubo, 1938; Cai and Shokita, 2006;
Shih et al., 2017). 1960 4F AR, HESLEE S 77
X< LCHEDEA SRS, $10) HLBEM, KEOR
BREZEE LTI NTEL., ZN6D®mETH I L
T, HEEAFENICEBALTWS LS (F1, 2010),
Z N F T |2 N. davidi (Bouvier, 1904), N. koreana Kubo,
1938, N. palmata (Shen, 1948), Neocaridina aff. palmata ® 4
TEAIEE 2 D WS $ THICTHEINL TS (T
¥ - F1JI, 2004 ; Fujita et al., 2011; Mitsugi et al., 2017; 7k
H- - A3, 2021 ; Kakui and Komai, 2022; Onuki and Fuke,
2022; Shih et al., 2024; Nagai and Imai, 2024). % EA
IZBWTAH T X< T EHILIRKEE, 720ihz &
T20004E LUBEA SHERR S 1, T ORI Z N T
HIENHESN TS (HHIZA, 2004 5 FFZ,
2010 : KJMIE2>, 2022).

717 ) v T EHIIBE AR R RELARR S T
By (¥, 2017% L), EREEZZOZHT ) XYL
CHZILEAWRBOATHL T 52 & 38 L w
(Kakui and Komai, 2022). #0728, A EHNIZET
LA XTIEHIIONTYH, BEBZEOARL ST,
DNA AT DA% R 2 3% H L 7288 A 1 2 WF3E 2 47 9 2T
H5H. LHL, GEHBEHNON T 2T EHIZOWT

1. AR D N 72AEAR S X UPREH

Table 1. Specimens and sampling sites used in this study.

i ETHHNOMINZAERT A H 7)) X<

DNA T R I E % RBGRE L -G d 2w, &2
T, ZHBRWICET AN T AT EHICED L) %R
HEPHFET 2002 HL2IIT 5729012, mtDNA i
MBI OEEREICOWTORELYIT- 7.

MRE L UAHE

AR ORES L URTE

202249 H 22 52023 4E 10 H £ TICAHETND 57K
O, SHEICBWTTFHTREEZ T 72 (K1,
BU1). $R&E L 723RHTm IR IC-20C DU THaRIRTE L,
fREA, 1R ONE B L 0% 2 B o ISR O
W S MEMEZ [XB) L7z (Kubo, 1938). %&b &0 2k A
Sk 7-8 fE k= %5 L, DNAE IR ZTORA =
LY 53 721%, 80% =% / — )V CREE L 7.

DNA & K UM

BWELZHE2LU ) L2122 T, DNeasy
Blood and Tissue Kit (QIAGEN, % 7 > %) % fl\»"T DNA
i L7z, d&IE, I 32 BT D cytochrome ¢
oxidase subunit I (COI) & fx¥- & L7z, PCR UG E Applied
Biosystems MiniAmp Plus Thermal cycler (Thermo Fisher
Scientific, USA) # W TiT > 72, 79 4 ¥ —IXLCOI-
1490 (5'-GGTCAACAAATCATAAAGATATTGG-3") B L U}
HCO1-2198 (5'-TAAACTTCAGGGTGACCAAAAAAT
CA-3") & H\»7- (Folmer et al., 1994). PCR %X LT
DY & L7z 1AM 94T - 1572 194 7V 1 52
ZMERC - 5Hy, 7T =—1 7 :50C - 108, MRS :
72T - s E35T 4 7V M EG 72T - 157, 1
i L 7= DNA IX FastGene Gel/PCR Extraction Kit (Nippon

Specimen ID Species Collection_date Sz;rir;gle Sampling sites Accession number

NBC-CR000101-NBC-CR000107  N. davidi Sep. 10,2022 7  Nakanoshima River 35°5'42"N 136°52'19"E  LC833917-LC833923
(Arako River System)

NBC-CR000108-NBC-CRO00115  N. davidi Nov. 21, 2022 g  FukudaRiver 35°07'16"N 136°47'56"E LC833924-L.C833931
(Nikko River System)

NBC-CR000116-NBC-CR000123  eocaridina May 12, 2023 8  Shonai River 35°12'58"N 136°58'13"E  LC833932-LC833939

aff. denticulata
L Ueda River a1 A .

NBC-CR000124-NBC-CR000131  N. davidi Sep. 4, 2023 8 ) 35°9'14"N 137°0'7"E LC833940-LC833947
(Tenpaku River System)

NBC-CRO00132-NBC-CR000139  Neocaridina Oct. 16, 2023 8  Yamazaki River 35°07'11"N 136°5626"E  LC833948-LC833955

aff. denticulata
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ZEHNOMINCAERT L 7T ) A< T UHE

1. #dBHERNIEE A7) X~ T EHH Neocaridina spp. : NBC-CR000149, 202345 H 12 HERSE, A: HEME/R, CL: 4.9 mm, B: MEfRIR,
CL: 5.8 mm.
Figure 1. Neocaridina sp. from the Shonai River in Nagoya City : NBC-CR000149, May 12, 2023, A: Male, CL: 4.9 mm, B: Female, CL: 5.8
mm.

Genetics, Tokyo, Japan) Z W T V608 ) B L 217
WSS L Applied Biosystems 3730x] DNA Analyzer
(Thermo Fisher Scientific, USA) % FI\V> T — 7 ¥ Af@EAMT
L7z =7 Y ABHTICH W2 79 £ ¥ — X PCR
POV o ks Lz, Do LIS
77 JWERICREL L 72,

5 F R

REFZE TS NT239 BINZOWT, ZNZNDRM
BRSO 22T 572012, 75T R O L R Aa
7. AWFRIZBWTH L NZ39MFNI DV, EITIC
fit 5 % fth O ECH % 3% 72§ % 72 % |2 National Center for
Biotechnology Information, USA (NCBI) @ Basic Local
Alignment Search Tool (BLAST: https://blast.ncbi.nlm.nih.
gov/Blast.cgi) I2BF 2MEEITo72. MEMRESE
12, TR & 7 o 72 EEHNS D W TR & 4T > T 72 5647
7% (Levitt-Barmats et al., 2019; Park et al., 2019; Chen et al.,
2020; AT A, 2021 kI - 4 H, 2021 Zhou et al.,
2021; Onuki and Fuke, 2022; Shih et al., 2024) 2BV &
FN TS % #E L, NCBIO T — % NX—Z (https://
www.ncbi.nlm.nih.gov/) &0 o ruo— Fafro7z. 4f
¥ (Neocaridina hofendopoda) % & 2 290H%) & 7 F A
A2 b L7z RFRICBW T L 2R RN B
LTOF2Z/R L. 794 A MiE, BioEdit Sequence

Alignment Editor ver. 7.2.5 (Hal, 1999) 3 & ("MAFFT ver. 7
(Katoh et al., 2019) & I\ TA7\vy, HELTHERRER, trimAl
(Capella-Gutiérrez et al., 2009) * FHH\WCT7 4 X~ FHST
XMoo B M) I T ERIT, iEE (maximum
likelihood method: ML) (2 & % 437 A0 % HE 28 L 7.
B i 7% 18 32 € 7V 1%, IQ-TREE ver. 2.2.0 (Minh et al.,
2020) |Z59%%E 2 1T \» A ModelFinder (Kalyaanamoorthy et
al,, 2017) 12 & 0 #E%E S N7z HKY+FH+R2 % ffi i L 72
R BT B 255k o FFAM X, ultrafast bootstrap
(UFBS) 3 & O'SH i IE ST 0 B Fe M %2 (SH-aLRT) %
1000 1§ 5 Z L 12 Xk Y7o 7z,

Chen et al. (2020), Shih et al. (2019, 2024) 2B\ T,
HI) AT TR &G X~ T EE Atyidae D EL D 7
V— T &R,
HIZWEEREL M L T2 L — FAEME SR S b
BHhOHELZHA TS, KIFETE INESEIL, &
7L —FABLUOZ L— FHOBZEEREY, MEGA X
(molecular Evolutionary Genetics Analysis X: Kumar et al.,
2018) VT 7 — M A b F v 71000 A1 %D EAH L
72 B, RBIFETH S N7z DNALYIZ, DDBI/ENA/
GenBank (2 % $% % 4T o 72 (accession No.: LC833917—
LC833955).

Kimura-2-parameter model (2 2% D \» 72
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Figure 2. Maximum likelihood tree based on the COI sequences. Sequences retrieved from NCBI are used for phylogenetic analysis, and the
strains shown with their registered name and accession number. Number at nodes indicate ultrafast bootstrap (UFBS) / SH-like approximate
likelihood-ratio test (SH-aLRT) (only values higher than 50 are shown). *: > 95 /> 80.
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2. AWHFE TR L7z BCh).
Table 2. Sequences used in this study.

i ETHHNOMINZAERT A H 7)) X<

Clade Name

Accession No.

Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata
Neocaridina aff. palmata

Neocaridina aff. palmata

AB524970
LC664096
LC664097
LC664098
LC664099
LC699712
LC699713
LC699718
LC699719
LC699720
LC699721
LC699722
LC699724
LC699725
LC699726
LC699727
LC699738
LC699740
LC699741
LC699742
LC699743
LC699770
LC699771
LC699773
LC699774
MW069628
MW069631
MW069644
MW069650
MW069652
MWO069653
MWO069657
MW069661
MWO069670

N. palmata
N. palmata
N. palmata
N. palmata

LC324769

LC324770

LC699711
MWO069672

N. ishigakiensis

N. ishigakiensis

LC659945
LC659946

N. iriomotensis

N. iriomotensis

LC659943
LC659944

N. hofendopoda
N. hofendopoda

MN701609
MN701610

Clade Name Accession No.
Neocaridina sp. 1 LC612349
Neocaridina sp. 1 LC612350
Neocaridina sp. 1 LC612354
Neocaridina sp. 1 LC612355
Neocaridina sp. 1 LC612356
Neocaridina sp. 1 LC612357
Neocaridina sp. 1 LC612358
Neocaridina sp. 1 LC612359
Neocaridina sp. 1 LC612360
Neocaridina sp. 1 LC612361
Neocaridina sp. 1 LC612362
Neocaridina sp. 1 LC612363
Neocaridina sp. 1 LC612364
Neocaridina sp. 2 LC612339
Neocaridina sp. 2 LC612340
Neocaridina sp. 2 LC612341
Neocaridina sp. 2 LC612342
Neocaridina sp. 2 LC612343
Neocaridina sp. 2 LC612344
Neocaridina sp. 2 LC612345
Neocaridina sp. 2 LC612346
Neocaridina sp. 2 LC612347
Neocaridina sp. 2 LC612348

Neocaridina aff. fukiensis LC612367
Neocaridina aff. fukiensis LC612372
Neocaridina aff. fukiensis LC612374
Neocaridina aff. fukiensis LC612376
Neocaridina aff. fukiensis LC612378
Neocaridina aff. fukiensis LC612379
Neocaridina sp. 3 LC612365
Neocaridina sp. 3 LC612366
Neocaridina sp. 3 LC612368
Neocaridina sp. 3 LC612369
Neocaridina sp. 3 LC612370
Neocaridina sp. 3 LC612371
Neocaridina sp. 4 MG734216
Neocaridina sp. 4 MG734217
Neocaridina sp. 4 MG734218
Neocaridina sp. 4 MG734219
Neocaridina sp. 4 MG734220
Neocaridina sp. 4 MG734221

N. koreana LC324777

N. koreana MK907783
Neocaridina aff. palmata AB524966
Neocaridina aff. palmata AB524968
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RREERER

] 52 S A7 A=A 2D\ C Onuki and Fuke (2022) % &%
IR E OB E (RE & S BEN &%), #
i (MmO IR &), ML - THmls X
O ok %, B3 MMATET OB E, % 1 NI
DR LR, H1WEEENEROBAOES 3ER)
% FEARBAMSE (S9i: Leica Microsystems, Wetzlar, Germany)
BLUYV 7 s =7 (Leica Application Suite Ver 4.6) %
FVTlllE L7z, GEEHRISHEIE SIS 3R L T v 2 fEfE
T =FEi WEERIE R SREW S v 5 —
WZBRAE L7 (BEARFES  NBC-CR000101-NBC-CR000139).

et

ARWFFEIZ X > THMER AT 72ERIZONWT, £HEB
LORBIBT 547 L — FIEIZBIT 5 IEREF IR O 75
DEEEZ L DNIT B 7201, EATHIRIZBNTA T Y
XX TVUEBOGEILE L SNTWALEHAR LEWFED
o (UM RL/CL), A Bk, 45 3 WHTE 0E
HEE, F1ERAKORS LIROIZOWT, SEILEK
(Steel-Dwass i) 128D MIE 2 AT o 72, AT IC IR
7 bR ver. 44.1 (R Core Team, 2024) # H\\», Steel-Dwass
#1295 Y — A 13 http://aoki2.si.gunma-u.ac.jp/R/Steel-
Dwass.html [ZHHE S TV A NEZHH L 72

BR
DI RIGERMNT

RIFFE T 5 N7z 39 FLH & & 7= A 5H 290 BLH I 2 7 5
ARXY b M) I T LR, COTEETI1E316-702
bp & 7o 7z ARWFFRICBWVTHEE L 72 COLER T 125
DL IR PSRAM & 212", AT 24T o 72 BEeAI,
EWUFBS B & SSH-aLRT Iz 13027 L —F
Wl ohi, £7 L — FABIUEZ L— FHO#ER
MEREE DR RAS R KIITIRT. %7 L— FNORERRN
HEEXZDIIEAEDN25% 2 RELS TR TWDIZ
L, %7 L— FHOBEHEREEZ3.5% % K& < EElo
TWiz. 2055, KIFFEIC L > TES N2 LT
D220 7 L — F (Clade AB & UClade B) 12571) S 7z,
Clade AIZBWTIE, AWfZETHESLNZHE D) b
I E o 8 i 4 & 1L )1 #E o> 8 B AR 12 2., Onuki and
Fukue (2022) O EEE M M N. denticulata, Levitt-Barmats et

i ETHHNOMINZAERT A H 7)) X<

al. (2019) O &I N. denticulata 3 X 1" Shih et al. (2024)
12 & o THE S I 7z Ik B IE B (8 T & Neocaridina aff.
denticulata & FETNTW/z, D7 L—FKNIZ&EEN 586
B O COLEIR T DBIZIHERER LB L7225, 0.0-
22 (Ave. = SD: 1.0 £ 0.6)% & 2> 7= (F3).

Clade BIZBWTIE, KWFETHELNHE D) HIE
HIEE D MMk, iz BIIED 7TEA B X ORI E D
8 ffl 44 |2 Il 2, Onuki and Fuke (2022) @ ¥ & il & N.
davidi, TBFZ7H> (2021) O K5 FEN. davidi, K3 -
43F (2021) B & FKakui and Komai (2022) @ N. davidi
Type II, Shih et al. (2007) @ N. davidi, Levitt-Barmats et al.
(2019) OAILELEE N. denticulata, Shih et al. (2017) DI E
VLB JR T BE N. denticulata 3 & UF Shih et al. (2024) @ N.
denticulata & TN TCTWwWiz, ZO7 L —FiZgEhsb
1SFEH O COLEIEF D EIZAIEEEZ L L 72 & 2 A,
00-45Q20*1.1)%&%o72 (34).

R REERZR

BN OFREE % F248 XL 3128 L7z, RL/CLIL,
A bkt E3IMMEIET OB MmE, B 1ERNE O
£ S RO IOV THRETT 2 17 - 72458, RL/ICL I,
A bk, SE3MEETEI OB E 2O W T
M CHEELRZENR SN /2. RL/CLILIZ DWW T LG
# (0.60-0.68) A3 ZEJIE (0.47-0.64) DEALD B
AEIZKE o7z (p<0.05). #A LFEEIZOWTE
fEHIE (15-1886) 2SHENIIE (11-168), HZ B
B (12-158: p < 0.05) B X CWEIIE (10-158: p <
0.01) XVHEIZKE»o72. E3IWHWATE OB HEEIC
DWTIE, FEWIE (15.5-23.2°) ASILIGIIEE (9.8-16.3°:
p<0.05 BLOEHIIE (5.9-12.1°p<0.01) £V,
ZEE (13.0-20.0°) 2SI #ES L ORE)IE (p <
0.05) X0, HEHIE (14.9-25.9°) 2ShZBIIFE (p<
0.01) XY ZNZNEEICKE o7z, xFLTHEIER
W OE S LEORIZOWTIE, FHABICBWTAEE
BENLO N o7z 51 OBE MRS OE AN
3B R D WERIE W o 7

ZER
DFRAEET
AFFEIZB W CEEETAOIIN 2555707
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Figure 3. Comparison of inter-river four morphological characteristics of Neocaridina spp. from Nagoya City. A: Ratio of rostrum length to
postorbital carapace length. B: Rostral formula of anterior from the eye orbit. C: Curvature of propodus of 3rd pereopod. D: Aspect ratio of the

endopod of the 1st pleopod. *: p <0.05, **: p <0.01.
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&7 KW CTHRONIEYIZEEN27 L— FAIZE
A EEEEETN TR DIFEAE25%% TH->Tw
72. Zhou et al. (2021) %° Shih et al. (2024) IZB W TlE, &
7 XX LYEE GUEBOBKE CHOMAN DRI
RO BEIZ 2% LINICILE 5 THB Y, RIfZE sz
NE22o07 L—FIZ&EINr2HEIINbE—FTH
BAREMEDSE . X LT, RIFFEAEEE L 72 R B
J54% 7 L— FROBEEERE TN 35% % K&
CER->TBY, K7 L—FEpofEs LTl 2 e
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THO NI 2 T IVid, K HiT T Clade A B X UM Clade B
OGN TBY, F—HETRL2L 7L — NIJET
LY TIVIIBELN o7,

Nagai and Imai (2024) (X, COIEZTB LI bav
K1) 7 NADH ik FZEEHZ Y 72= v F2#fzT (ND2)
VZHD T R OFERAD S, T HARD LA 5B

L X N7oHh T ) X< YR D % HE L Neocaridina aff.
fukiensis, Neocaridina sp. 3, Neocaridina aff. denticulata, N.
koreana, N. davidi 3 & UF Neocaridina aff. palmata D& 516
T HbN5 &) BffaR L7z, RifsE TR
SO B, AETH D N. hofendopoda & 7k H- - 5 H:
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3%FR< T _XTD 7 L — NI, Nagai and Imai (2024) 737K
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Clade A 1%, Nagai and Imai (2024) 12 & > TR & L7z
Neocaridina aff. denticulata ® 7 L — F |2 & T I 72
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W D & D 1& Neocaridina aff. denticulata, &)1l
i, iz EEB X OREIED S DIXN. davidi T %
LEZLNS.
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2 THB DY (Klotz et al., 2013; 75 ¥, 2017 ; & K 13 2,
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W9 728, HUISEAREE I CASERREE DS 2 D 5 <
FALDHEARL T W & 2 f/fi L T b, £ 72 Kakui and
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AN BV TIL 2008 4E 20 5 2023 FE D ICE A S
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FoTHERDONI T Y XY EHER X /1 L ¥ Paratya
improvisa Kemp, 1917 72 E DO fE3k = CFHICE R % K
T3 LRI TS (ilE 2, 2017 ; Mitsugi
and Suzuki, 2018; Onuki and Fuke, 2022). ¥ 7= Nagai and
Imai (2024) |37 7 V) X < T B3OV THE R 5 L3k
FAE X b o 72 2 LT b, BUZ, NI
W96, BRERT I 5B\ Tld Neocaridina aff.
denticulata (PP386858) 3 & U'N. davidi (LC324765) DT J7
HEFR ST A (Shih et al., 2017, 2024; [X]2). B
FCIATETNTIEX 7 ZEDAE (Filf, 2025) <
[Fl— il B 2 RO A O MBLUIFERR S LT
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