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Records of Neocaridina denticulata from Uku Island, NN. davidi from Fukue Island, Goto Islands,

and N. ikiensis from mainland Kyushu, Japan
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Yusuke Fuke'*, Shota Kunimatsu® and Jun Nakajima®

ABSTRACT: A freshwater shrimp, Neocaridina denticulata (De
Haan, 1844), distributed over a wide area of western Japan,
has a land-locked life history and lives its entire life in fresh-
water. This species also occurs on adjacent islands, and some
populations are genetically distinct from mainland popula-
tions. Since this species cannot disperse beyond the sea, the
island populations are believed to be remnants of past con-
nections with the mainland. Here we report N. denticulata
from Uku Island in the Goto Islands. Phylogenetic analysis
based on the mitochondrial DNA COI region showed that
the Uku population was included in the lineage of N. dentic-
ulata, which is mainly found in mainland Kyushu, and had a
unique haplotype, suggesting that it is native to the island.
Compared with the N. denticulata population from Fukue Is-
land in the Goto Islands, southwest of Uku Island, the Uku
population was more closely related to the mainland Kyushu

population. This suggests that the geographic isolation of
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Uku Island from mainland Kyushu is weaker than that of
Fukue Island. We also report N. ikiensis Shih, Cai, Niwa &
Nakahara, 2017, endemic to Iki Island, from mainland
Kyushu and an invasive species, N. davidi (Bouvier, 1904),
in a wide area of Kyushu, including Fukue Island.

Key Words: DNA barcording, first records, invasion spe-
cies, Neocaridina
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I F I X < I Y Neocaridina denticulata (De Haan,
1844) 1, FAHADILIKICHTdT 22~ Rl AT
)22 EEOPRETH Y, —EERKKTHT
FRERMOEIE LA &, BT OFE e 1L
IZ & > THEDEIRE 5 7w,  His s < I 75 58
EHMEAR R T & 038 % (Fujita et al., 2011; Waters
et al., 2020). AFED T 5 L 2B, Hiso £
O AEICT 5 L eEESER AL, H6
PLRIFI S = OREEK) 283 28 EE 6o, 9
B, FERIO RN EEHEIINCB VT I+ 3 %
< T DR IIERINE S % J -~ 72 Fujita ef al. (2011)
1Z, ¥ F3a Y FY7DNA (mtDNA) D250 L —
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Neocaridina ikiensis Shih, Cai, Niwa & Nakahara, 2017
LTSN TW S (Shih et al, 2017 5 K 5,
2021). LA LAMRS, 3+ 3=z EERONTH
BELUmMDNAZ L — FORTHIZOVWTIE, BB
LA ST > TV, A, FE S UM
b B & T O B YT O MR T, KR
BEoORBISFABICBVWTIF I X<, @Il
BITHBWT ¥+ X< I ¥ Neocaridina davidi (Bouvier,
1904), JLNATICBVWTA F v =h 7 ) X< ED
HEEMO TR L O TINERET . FAE
DIFIXTIEIROVTIE, 20065 ICHEH» 5
AIRT — ISR »H 200 (TE, 2006),
RIS CEFELIREG R I N E T, KA
EPZOHRICET 2R BV, WILEICBVLT
i, fEkEEbNEIFI X eEnIHIETOA
ERsh T (EES, 202D, AFETE, <
NoOFITOWT, mDNADENFIcHE S VWTZ D
Hok 2 MeET L 7e.

W #Esi0AE

Y7 v S RARIETFARED 2N, BILE
O HENITH BRI, BTSN HILE O 10
A BWTITY, FH197EIEO A 7 1) 2 < = Eff
ZEAE L (Fig 1, Table 1. 551072 A3 100%
T4/ —)VTHEE L, DNATHH O MLk O BRI
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=Ny ZICAN, ThEHS ST EYED
120wy b &L THEBAFRAEREY M (KUZ)
2R L e, FABOEN OB ANERIE, 3+
IXV I EEGUAHDVEREDIDICARTIEAE
L7sWas, A S ~NvE L OBIEICIIEH S IERZ
el Tna,
Honkn7 ) X< EHEmDNAD Y 7 O
Led v y—+¥472= b1 (COD fHIEEH
W/ADNAN—I—=F 4 v Itk > CRIE L. 3
FIXTIEBLIOAF VT HT Y X EOYIE
FrE R BEMITIE, JEENEEEASPICT 570D
IZ, SEITHFR I B O TREHENCERH & S &m0
Mk K OES, Ho$ 1 MM, &3 Mlmie,
FUEBRNIEOEZ#ET L 72 (Klotz et al., 2013;
Shih et al., 2017; Onuki & Fuke, 2022). ZAfA3/KIE L
TV F I EH S AT o[, AimBLEE
B SRS L, Ry A XDfEEEE LT, A
MW E (CL, IRE®R I » oHiliH ok ToE
) ZWEL .
BETHFO i, £Hb 20 2-16ff kI
WTDNAZHIH L7, DNAHIH L, HFHloH4s
K U S IE A © Monarch Genomic DNA Purification
Kit (New England Biolabs) %\ CfT-72. mtDNA
D COlDER ST Al 1E, AR shicT 54
< —+ vy FTH5BLCO-nc (5'-TTG TCA ACA AAC
CAC AAA GAY ATT GG-3') & HCO-nc (5'-ATA CYT
CAG GGT GYC CAA AGA ATC A-3") (Onuki & Fuke,
2022) % HJ\W T PCR G & » THAIE L 7o, RIGE 1&
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Table 1. List of samples used in this study.
. n for mtDNA haplotypes .
Specimens Species n DNA Locality Date (number of Accession References
1D . . numbers
analysis detections)
KUZ 75176  N. denticulata, 14 8 Soneda river (Chikugo 18-Jul-2020  Soneda-01 (1), dt11 LC813125— This study
N. davidi river system), Chikuzen, (2), dvB6 (2), 13 LC813132
Fukuoka (1), 14 (1), 15 (1)
KUZ 75177  N. denticulata, 13 8 Ditch near Onga river, 27-Jul-2020  dt5 (1), dvB6 (1), 9 LC813133— This study
N. davidi Nogata, Fukuoka (1), 13(5) LC813140
KUZ 75178  N. denticulata, 12 8 Ozano river (Mikasa riv-  31-Jul-2020  Soneda-01 (1), LC813141- This study
N. davidi er system), Dazaifu, Fu- dvB16 (5), 17 (1), LC813148
kuoka 18 (1)

KUZ Z5179  N. denticulata 9 6 Yamanoi river (Chikugo 31-Jul-2020  Yamanoi-01 (1), 02 LC813149— This study
river system), Yame, Fu- (3), 03 (1), 04 (1) LC813154
kuoka

KUZ 75180  N. davidi 14 8 Kajiwara river (Naka 4-Aug-2020 dvB19 (3), 20 (2), LCS813155~ This study
river system), Naka, Fu- 21(3) LC813162
kuoka

KUZ Z5181  N. ikiensis 14 8 Pond, Tebika, Fukutsu, 6-Aug-2020  Tebika-01 (7), 02 (1) LC813163— This study
Fukuoka LC813170

KUZ 73917  N. denticulata, 13 8 Kamo river (Kikuchi 20-Sep-2020 Kamo-01 (1), 02 (1), LC813117— This study

N. davidi river system), Kikuchi, dvAl (1), dvB4 (1), LC813124
Kumamoto 21 (1), dvCl1 (3)

KUZ 75182  N. denticulata 7 2 Pond, Shimoshima Is- 18-Jul-2021  Amakusa-01 (2) LC813171— This study
land, Amakusa, Kuma- LC813172
moto

KUZ Z5183  N. davidi 24 8 Sonogi river, Higashi- 25-Sep-2022 dvB3 (1), 6 (2), 22 LC813173— This study
sonogi, Nagasaki (4),23 (1) LC813180

KUZ 75184  N. denticulata 21 8 Ushizu river (Rokkaku 1-Oct-2022 dt08 (8) LC813181— This study
river system), Taku, LC813188
Saga

KUZ 75185  N. davidi 42 16 Fukue river, Fukue Is- 23-Oct-2022  dvB15 (5),22 (11) LC813189—  This study
land, Goto, Nagasaki LC813204

KUZ 75186  N. denticulata 11 11 Ditch, Uku Island, Goto, 18-Mar-2023 ~ Uku-01 (11) LC813205— This study
Nagasaki LC813215

KUZ 75187  N. denticulata 3 3 Pond, Uku Island, Goto, 19-Mar-2023  Uku-01 (3) LC813216— This study
Nagasaki LC813218

N. ikiensis 12 Iki Island, Nagasaki Nik-1 (2), 2 (2), 3 LC324771- Shih et al.
“4),4(1),503) LC324775  (2017)

KUZ 73782, N. denticulata 10 Pond, Fukue Island, 19-Jul-2020, Fukue-01 (8),02(2) LC612339— Fuke et al.

73783 Goto, Nagasaki 20-Sep-2020 LC612348  (2021)

KUZ Z3914  N. denticulata, 8 Miya river (Oita river 20-Sep-2020 Miya-01 (1), 02 (3), LC612373— Fuke et al.

N. davidi system), Yufuin, Oita dvB3 (4) LC612380  (2021)

KUZ Z3915  N. denticulata 8 Machida river (Chikugo 20-Sep-2020  Machida-01 (1), 02 LC612365— Fuke et al.
river system), Kokonoe, (5), 03 (1), Miya-02 LC612372  (2021)
Oita (1)

KUZ 73916  N. denticulata 8 Kuro river (Shirakawa 20-Sep-2020  Kuro-01 (8) LC612357— Fuke et al.
river system), Aso, Ku- LC612364  (2021)
mamoto

KUZ 73921  N. denticulata 8 Ishiki river (Kawatana 21-Sep-2020 Ishiki-01 (7),02 (1) LC612349— Fuke et al.
river system), Kawatana, LC612356  (2021)
Nagasaki

PrimeSTAR GXL DNA Polymerase (TaKaRa) %025uL, @ T A% T, BIlEKIG % 98°C 10%, 55°C 15,

5 X PrimeSTAR GXL Buffer % 2.5 4L, dNTP Mixture %
L0uL, SIMD 7 54 = — % ZNZH0T5ul, 7

7L — FDNA%08uL, PCRZ L — K OBk %
6.45 uL D125 uL & L7z, PCRIXIGIZ98°C T30/
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68°C 45FP D301 7 b, Ii%IC 68°C T 30T D IRA&
fEOLEMTIT - 72, PCRAEY) illustra ExoProStar
(cytiva) ZHWTHEE, 2—v7 v Y=/ 37
2 PR 2 #1112 3730x1 DNA Analyzer (Thermo Fisher
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Scientific) 1Tk B2 Y v H—v—Hr v v I aHRTEL
7z, 15 5 N 72 BEH (F Unipro UGENE 49.0 (Okonech-
nikov et al., 2012) W T~ — 2 3 — L OHEE & i
£ AT - o1, DDBI%E U T EHBREREY] 7 —
% N —2Z (INSD) 2% &k L 72 (Accession numbers:
LC813117-LC813218).

M AR O RMIILE 2 HEE T 5 7coic, ~T'm
G AT R= 2R AT 12, ~NT ey A TD
&t (3 vsearch 2.23.0 (Rognes et al., 2016) % H W\ T
fiote, To&E, BES (2021) TRES L
MOIFIXwTELEYF XTI, Onuki & Fuke
(2022) TR S NAcEBEBEAEO I F I X v b
L v+ X<z, Shihetal (2017) THRIIS L7z A
FUwH U)X EORHEBITICNA 72, KB
RTHH TR SN N T s 7Dr5, vF R
T EEEENMEIOIFIXTIED L— R
GEN BT 054713, Onuki & Fuke (2022) IZ#E
MLicnTms4 75520, WMOIFIx<
IEPLOSHEKESNERKITENT By A THH
Mo tztcdh, EEINTHIZICEER L 7270 5 4
T/EGZ I, NSO T s A FICHBEE LT
N. spinosa & N. hofendopoda = NZ 1257 — 5 & v b %
I\ T, IQ-TREE 2.2.2.6 (Minh et al., 2020) I & 5 %
KIFCH S R EE T -7, CoL&, aF
VBT EITN—F 4 va VEREL, ThEhic
5f L € ModelFinder (Kalyaanamoorthy et al., 2017) 1<
Ko TAA XfFHRREE (BIC) 1TSS W TER S
nicEAERE ST VEER L E—3 F Y I TNe
+G4, F a3 K Y I IN+F+I H=a F v I TIM2+
F+R2). &AZ DS (L Ultrafast 7 — b A b 5 » 7
7% (Hoang et al., 2018) 1T &k » TMi L 7. 1§ohz
T JE (4 Figtree 1.4.4 (https:/github.com/rambaut/fig-
tree) &AW TAFRALL 72,

B = =

X<z R Atyidae De Haan, 1849
#1171 XTI EJE  Neocaridina Kubo, 1938
1+ IXX T Y Neocaridina denticulata (De Haan, 1844)
(Fig. 2A, B, 3A-C)

MEHMER. KUZ 75186, 111K, EIRFEAE AT
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ST (FEAE), K&, 202343 718 H, HhESER
5 KUz 75187, 3fE{k, EiREAHETTFEAN (F
AE), 7zoith, 202343 H 19 H, thEERE

¥+ X< I Y  Neocaridina davidi (Bouvier, 1904)

MRETEEAR. KUZ 75185, 42 ik, EIFIE A ST H
0T (L), LI FF, 20224510423 H, E
FARIKEREE.

A F =7 7Y XIITE  Neocaridina ikiensis Shih,
Cai, Niwa & Nakahara, 2017
(Fig. 2C, 3D-F)

BETEAR. KUZ 75181, 148 1%, & & i F
S, fowih, 20204E8 H 6 H, ThEIERRE.
DNAN—I—F 4 T, FABDO2MSH» 5155
72 141K D mtDNA COI fHIE D #53 Hi 51 653 bp %
PELI, IXTOMKEE—D T m s 47
(Uku-01) ZH L THD, HEMEHSE (BLAST) @
R, EITHRIR TS SN Y F I X vz e &l
—H L. FARRHIcRbAEZETH-DE, &
RIEPEE A SE 5N 3+ 3 X< T £ T(99.38%,
Hayashi et al., unpublished data), (XIZBEAIE D 17K
ZHENDIFIZITETH -7 (9931%, HFE S,
2021).

FIREIC, fRILE ORI, 58 S Nt 16 @ik
S5iR2oDN 7oy A7 (dvBl15,22) DSHIE N,
MHEERZTRVTR b Y F X vz B Ela— L
7z. dBISEBALRTH 214 25 Lo EIK
(99.69%, Levitt-Barmats et al., 2019), dvB22 (3 H1[E D
g B4 & O HAR DR ILED 515 5 n o kOB
Wi bIEE TdHh - 72 (99.69%, Levitt-Barmats et al.,
2019; Zhou et al., 2021).

FUNDO RHIA 5155 N kEAR IR, fEamTtos
MERVT, HEERZICBVWTIFIXvIEE
v rwzroundnns —K L, wERhT
Hosflkmn omiisnic2oonNnFa s 47
(Tebika-01,02) 13, /Y594 FREENB 1+
THTNRTIEDONT s FITKRbERTH -
7253 (97.7-99.2%, Shih et al., 2017), BEHIO N7 0 ¥
A7 ED—EUIFBD SN - T,
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Fig. 2. Specimens used in this study and their habitats. A, KUZ Z5187, Neocaridina denticulata, adult female, Uku Island.
B, KUZ Z5187, N. denticulata, adult male, Uku Island. C, KUZ Z5181, N. ikiensis, adult female, Tebika, Fukutsu,
Fukuoka. D, E, habitats of N. denticulata (KUZ Z5186 and KUZ Z5187, respectively) on Uku Island. Scale bars:
A, B, C=10 mm.

Fig. 3. Diagnostic characters of Neocaridina denticulata (A—C, KUZ Z5187, male, CL 5.40 mm) and N. ikiensis (D-F,
KUZ 75181, male, CL 4.30 mm). Both individuals are the same as in Fig. 2B, C. A, D, rostrum. B, E, endopod of

pleopod 1. C, F, pereiopods 1-3.
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RIEEEHT. mtDNA O COIFAI = \VWicn7 o v A
TR = 2 DR OFER, 1 F Izl v
X2z BRIl TV (Fig.4). Y7 3 %
¥ I ERDEOEVER DR Sk N TE
D, FAREPOFERENI AT 0547 (Uku-01)
&, JUNLES S K ORI BT 2N T ey 4 7L
FIL7v—FicEL, 2ohTtRbELICHKELT
Wic, FRIKCREREN, @, NAE)IKRSE
AN OB o ld, EEHFAEO I F I x~vE
L=~ F oy 4 7hkiiE /i (dos, 08, 11).
ZD5H, BN ERL 21 IS TR, vFXxwE
7 L— FB (dvB06, 09, 13-15), ERHEJITIE I +
IXTIEOFABENOEENE 7 L - FITET
5378 %47 (Soneda-01) bMiS /., tEE

Uku Island

Fukue Island

3% Island

91

T oL, EREOEBEHESNI A F V=
HT)XTIELOERINE I L—-FIZEGEh,
B EOERGHRHE A RS B/, vFR=
IEWEF32DZ L— Fhofilksnctsy, 71—
FAECIREMIKREINDANS, 7 L— KBl
B % 5O s (FUR)IACRERE)I, =E

TSENIKBAREE N, ARBITARGRIEIET,  H8J1, 1%
N, fai, RNDKREIND »oFEs i,

FREEE. FARPOEON I+ I X v LR
& b7k 4 oT, INTHIKTDH - 7. FifH
AR <, ORI W HE 1Al o 5 3 Ei AR 1T
ET BPEA B, CLICHT 2EIMEOHFIZ0.57-
085Tdh » 7. B LBEICIT 14208 H D, T D
S B2 ARG LichiE S 5. A NRICE
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Fig. 4. Maximum-likelihood phylogenetic tree of Neocaridina species based on the mtDNA COI region (653 bp). Labels
are haplotype names, of which those followed by locality are those detected in Kyushu. Haplotype names in blue

indicate the newlyhaplotypes detected in this study. Numbers at the nodes represent ultra-fast bootstrap values,

which are omitted near the ends.
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3-8BAY D B, G 1 M B A o B AL MR R D
3O 3 1E & A EBEH LW, D
B 5 (8.5°-17.2°). MEEEARIEAERET, zo0
REScHd 2E0 R IF1.34-1.71 (5130.59-0.75)
Tdh -1 (Fig. 3A-0).
BHETHTFLOEMD > b, BT %50 L 2ol
2l {4 & HE 6 E{A DB A 1T > W TIEREIRE & Mg ) L
fo. BUAEME S, T O3 1 MM RS 052
fiZbFriclii 3, CLICHT 38AEOHEIZ
0.54-0.64 Th » 7o, Fiff LRICIF11-16235H D,
ZD5 535 VAN FicfiE S 5. KA M
1503 5. 55 1 Mo ISR o B A1 LB ZR W
3N OmIEi 3 1E & A EE L v, g A
5 (9.5°-22.9°). RN EFERET, zok
STt d % 0E O 3 1.33-1.55 (¥ 13 0.64-0.82)
Td -7z (Fig. 3D-F).

|

JUNtPIE B K OBE D 3 3 X < = £ OERN
BN 3, MRS EicE & F 0 2 RYE BN
EOHEHHD 7 L — F ORI & » TREST Sh,
AP NORBICE O R AR L, L LS
M5, AREFFEOHKEE 1Z mDNA O B4 AL F] 1 3
Sk, B9 L bHEPEM L2 E T TETL
BIRTIEF LN &, MRS 7Y v 7h
ERENTORWT &S, EEEMTICEYT 25
K 3mEF 5 Eicd B, T ITR, BRSO
SR E B S HFABD I F I T BB X OTUNA
‘oM Fv=hv ) Rz EOlEEIMNCBT B
v X2 T EDILRICHERER - Tikind 5.

FABEHADOHKE

HEFSOFABO2HS» SELNIc I F IR
I, HEDLIAFAEDOAMORIEEINT
WaEENTE Z A7 (Uku-0l) 2HFLTED,
Z NUASHIBE NS DI IEE R P D Y F I X v =
EMRO A7 L—FIELAT &S, ERERT
b BAHEMED E V. [/ U ARYE ORILE OEE
NTa s A4 FIFEhT s L— FEERL, JUNAT
DTy AT EFRODEERT N (4.2-52%D
EZIEED, FABOANT O 54 7L EVIE

JUND A 7 1) X< D5

L7z (0.5-1.1% DO EMEERED. hidfuNAL
LZNTNOEOIRREORE, J73bh b S I
BEASEENIMEOREE I E N TV B T & AR
5.
FABR2B kM O/NSBET, IFIX<7T
v oA BRI SN TV B ATREME S S . FEEE
iz, FAEB» OB LN 4 KD I F I RwE
BFIRCE—onTFosa4 772G LTED, FA
SR O BZMIZ M R EVWKEEICH 5 EEL SN
3. FABOIF I X< Eld, JhEOBEEIE
ARG T &R, ARFEDHGEE > THBTE ISR
AL ENS, FABOEMMOKD L A2E A
5 LTcEESENTH L. RAEEZE LD ET BHHK
T EHE, BKERRRO BV O EE SRR T
HY, FREIIREOREE L L TCOEEREE S
fH 5 TH Y (Uno et al., 2022; Bauer, 2023), FARFHD
FE/KAEBER DR D 2012 b ABOEHRNE E N
3., KHEOREEED ZI2DICR, BRICBT 3R
M DM AR EEITY, ARHEACERY 1 X
ERET A ENBRETHAS.

AMAREICHIFEAF22HTUXRTTEDREEK
AL, EEEOEAEHEE ST+ v =
ATY X2 EEYDTIMARLL SRR L. &
AT Tt O H 13 mDNA 1T 5 < T O F5HL, ¢
SHATEEBVAF Y ATY X< EEEL Y
L= RNiZEgENs, ~"Tovsa7orGREDS
nsp -t BEBITBIEAEDO N7 0 547D
KA EN TV WS EICREN LB D,
TR & Lo ENRIcB T 2 70 8 1 7okt
Hld, AERPEEED S Ol o ANAN S AL
HeRLIsWZ EARET 2. REFMNIEKRTH - 1«
Ba, BIEEEIUNK T OEROR R 2% 2 % T
FHNCEESENTH S TR 5.
CREEHIcB W T, BN THETOAERNSED
Shifc, Lo, FHELHEAREICOVT
BAFv~ha7) vz &L LD, Ho
F1EENRE OISR SR & K& < 7S -
72 (1.33-1.55 vs. 1.7; Shih et al., 2017). 7272 L, FA
BO I F X2 ETRE BN O RS A
134-171 TH 1T EmD, A Fvy<HT ) X<
T E DN OELR b NZEROFHIE T H 5 nlhglk
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N b, Ak, HBRERCY / 474 FEF—=51C
EoOVTHEE S e nERE S 2RV T, HASY
MO RREMEIC > W T & 0 2 IS HRET T 2 B D
5.

FMICEITZ 2+ X7 T EDRHIEKR

AR F 2 <z EDOIUNIT BT B ILHE 9
IEREWOTRLE, ThETICYF X< ERH
ADOEE» SHESNh TV S0 (Bl 21, Mitsugi
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