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Learning) 7]|%°] FE1 9t} (Zeebarece et al, 2017, Mohammed et al, 2020). B34 t}
T ATAALE Tl on A FEF 54N HuHS nAdHow /A £ low, 53 FA4
# Al (Convolutional Neural Network, CNN) & oJu|x] ] AlF EAS dAHoR FE3}
of olm A 7, AA A, o] ©A s g€ Hs5S HAFi Uvh(Ahmed et al, 2020
Zhao et al., 2019).
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Ligia dante nov. sp.
LSID:

BOLD BINs : ADO0227; ACQ3367.

Materials examined: 11 individuals from two localities in the island of Hawaii (A2,
45). Both males and females were included. The holatype (UFID 49315), a paratype

(UFID 49316), and a (UFID 49317) from the type locality have been
deposited.
Ty Milolfi Beach Park, Hawait, USA (AS: Lat: 19°10'58.10"N; Long:
[E: 0w
‘Type: small male individual (11,27 mm long) that is 4.40 mm wide at the widest point
of the pereionite 4 (body length to width ratio of ~2.5). Eyes appear to be smaller (eye

Pleopods. Endopod of male first pleopod extending to 0.62 x exopod, elon-
gated and kidney-shaped, 2.43-3.04 (median 2.91) x as long as proximal width,
inner margin concave, outer margin slightly convex, rounded distally, long pap-
pose setae on outer and distal margins, medium-length setae on inner margin;
with appendix intera curved upwards, exceeding terminal margin of endopod
by 0.51 its length (Fig. 3G, H). Appendix masculina of male second pleopod
slender, reaching to proximal 0.62 x endopod length, 7.38 x as long as dis-
tal width, stick-shaped, with some short spiniform setae on outer surface and
some long spiniform setae on distal surface; appendix interna at the middle
of appendix masculina, narrow, small, extending ~0.54 x length of appendix
(Fig. 31,J)

length is ~0.4 greatest width P y ce~11
times eye length) than in other Ligia in the area. Posterolateral processes of the pereionite
7 extend ~ length of the pleonite 3. Antennac does not extend past pleonites being ~0.9
of bady length. The holotype is deposited in the FLMNH under UFID 49315, GenBank
Ac i

Coloration. The body is grey to slightly yellowish in color, with many small
reddish black spots. There are several small stripes formed by spots on the
abdominal part (Fig. 4A-C)

e e e N rie,  Reproductive biology. One ovigerous female, ZMB 30276, ol 4.5 mm, devel-
i oped eggs, with eyespots,1.33 x 0.84 mm (15 eggs).
» . Etymology. The new species is named after the type locality, Ngoc Son Com-
[, mune. The name is used as a noun in apposition.
— Habitat. This new species was found in a stream with mixed sand, gravel,
Jox e BB and rock substratum, and clear flowing water from the forest (Fig. 5).
Cyrb: N/A i our ished survey data Vietnam indicate that
125:99)G this species is restricted to the Ngoc Son district of Hoa Binh province. The
estimated area of occupancy is less than 500 k. The altitude of the habitat
Bctial I divgiioedi ol oular cissetens area ranges from 200 to 700 m. The large eggs are also clearly indicative of a
COI: 123-G; 237-C; 241-C; 259-C; 606-T. GRS i - -
R Molecular phylogenetic results. Caridina ngocson sp. nov. is well-support-
5.G:82.G ed as the sister species to C. cucphuongensis (Fig. 18). The minimum genetic
125:85(88)-C: 105(108)-G divergence (p-distance) to C. cucphuongensis) is 6.2% (COI) and 2.7% (16S),
Distribution: ‘Hawai'i: 2

Napo'opo'o Park (A2) and Miloli'i Beach Park (45).

Ay A AF A D
(A: Santamaria,

FARD AR, JNAT s Eoke] vheket fHA A Ee] E3E mEZE=g ol FHA
Atk & FAA A, G FAA W AVIAE] weERk of

do] =41 2 tRNAQ 23 %, codon-usage & &

FAol k. 1Yy o]ys EAFEC] HF A5, o9 EFOlA

B AolE Holn, AAAGS L7 7F of@rh (Kilpert et al., 2012).

<®A g3 k
0

°
*
Ho
)
i—lﬂ
=

o
=
kel el g3

1

Limulus polyphernus

a% 0 G G0 015 03 0% 03 0% 0M M S0 G4 G0 665 O O 00 0N 000 09 10 1N 16 16 12 13 10 1% 10 06 19 14 1 16 U0 1

Length of Genome ot

<HZHH WA vEhyge ot nEZ=gel 44 54>
(A: Kilpert et al.,, 2012; B:: Zhang et al., 2019)
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FAA Wole F#FES HoA, A EAo7HA 39 &/ FooA ZolE HRlrh 57
7 (Isopod) Wl /- UelA EAj=o] Yefye oy A 24 A= (

2t} (Chebbi et al, 2019). o]& s =A< 2= dF EFToAA Wolbachiatti =2 & 1A}
B FAoR Q) JEgFS Lo g2 BRI AEAA A 2 A2"dS VA=
2 A3ty Aoz o)y At} (Becking et al, 2017). o83 e EAE= MATS F43 &
e BIAE aTs] =Yy, ASAHR] =95 ofgA vted. &% olyd dAdES 37
AH - S oD olsste Aol £& Ao Ulgh =ox Has Aoz oJAXY

A B

Sub-d-|h-lly

Al Sexual determination)®]

d

Ancestral W
sex chromosome

Chromosomal
sex determination

males 2z
females ZW

males 22
femalesZZ + Wo.

Wolbachia (Wo)
infection

Evolution of new W,
chromosome

males  ZZ
females ZZ + Wo

males  ZZ
females ZZ+f

Loss of W
chromosome

Wolbachia nuclear integration (f)
and loss of Wolbachia infection

<A Aol (ol A 54%) Wl g BTl wnd 4d4 Axw
B. A% 575 39l Bl e Wolbachiashel 34 Be) duwt AAR AsE>

o
(A: Chebbi, M. A. et al, 2019; B: Becking, T. et al., 2017)

i

AA 2R ol v AT FAT AT A TS AAA FhFY] FRbe] Bl
Hojdth Al Aol AR FHFTS oo 7HZﬂiL fFrAst A7 A7 oJHe vF 7xdAT7 o
of QA ¥ ERTE Ae Ao ot A Aud FAHe] HHE AR AU F
AE I gl7lel Zhsgh =9l Ao motEm FE AFE T AEHHQ Hi B F4E E5
TAARD A Wete] AAE F As AoE HIAG

3) SEATEFE 7N AR AT

(1) sEASEFT 719 3247 A5 /Ha

7t (Crustacea) = A A5 & & (Arthropoda)?] +8 B/ T StU=Z, sl 715554
5 0¥ dA4dd g Wi F eSS BHoFr o5L e, A HS ¥t §
of A=A AlFETe ATolA T AAE AAE gk 27 AT FE AP A
(dl: 7§73t (carapace), &4 (segment), 7F=the] (periopods) &)& AR 3 AFH FEHEF

(
o33t HIWHLE F=HZ 3 (homoplasy)9t HEl7FAA (morphological plasticity)oll

1o
;P)}(J
S
=

o °
g3 F AAZF EEWAAE HAE 7FE R Martin & Davis, 2001; Poore, 2004).
204 7] b o]l FEAAETHH JHe wHdow fHA A Zaet AlFiEAe] HEFH
St XS Boslr] A Agh E3] 16S, 18S, COI 59 miAE £ 39 HAH%

< | 5
9o A #AAE AAHs = ol 2 7195 G HDe Grave et al, 2009).

=
et 9l wF g
Tol= WS, BAUA, AHARE BFF BT Hintegrative taxonomy) ©] SFFHAN, ©

A ZAA GEHA W BAAA Fizo] B ERA AR BFOE Ae Hu Yk
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(2) Fejsty S 53 ATEF
FHEFTS edlset AR F S Aoste AAAA Fooldnt. T3 &,
EHAe] v&, F7-y7-9ny] 59 v deHor Fo ' FHEE 8T 1y
FAd3 F YoM = A4 olF(sexual dimorphism)elyt 3744 Q<lo] wE e wHo|7l =7]
e, FH4 Aol 9% o7 rhsAol SAEAT. olHd dAE Hesty] Al T 7]
stst4 & gl # 4] (geometric morphometrics)< #WE=vla(landmark) 71¥F #FH3E HlolHE T3 3
A| 5}

HE FX3gozH FA 3 HolE BAHeR BEAT 4 AA s tHRohlf & Marcus,

1993; Klingenberg, 2010).

Hodl = mo]AECTH 3D 24U E &8 WF 72 FA o] StswA], 9P ofet
Ui s FEFE (] A7), 3 RS, AT 5o Y vt shesiAeh ole g Ve
& T A AE Fx2H ZolE AL e RA, 7]EY 2xd on A FARY H& 9
AZHA A7E A& (Tudge et al, 2012). E3] o] H=HE A4/ B3 702 +x9

29 st WstE AAA o R rysts d F&akH, &% FuE 7w E7e xFstE A

F=2 &84 7ol wHh

2 A2

WEAAESS FHEFe FAE Beste AEd =2 AP Fourh fjxAd EAA R
v mExsgol §AX(COL 165 rRNAS 3 $ARISS, 2897 9o,
DNA vl3E= 7oz de ol&¥t) o8 T Judoz FAE Y Fd4 ] =
L (cryptic species) ¢ &7} b FRIE AL, FFRAAL] AGHe] e o] Fojx i ATt
(Barber et al., 2002; Palero et al., 2010).

HZo = AW 971 E A4 (Next-Generation Sequencing, NGS)S o] & =3
2o} A& (mitogenome) 2 UCE(ultraconserved elements) 7]HF #2jo] &wts] ZaPw gf
th o] FEHE v FHA o Estd S URET A =2 EElvS AT
APd A9 2R 3 BAE 2o AESA 4T = A A HTan et al, 2018). =3 ¥
gl 4 deolHE Ads SAATTH A2 A FuA wolet {44 S FA

|
a#3le], F W (species concept)S AL e 5= A st At
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(nocircle) High level of certinty
(TreeREx)

O Intermediate level of certainty
(TreeREX)

@ High level of uncertainty
(TreeREX)

%t %ﬁ%ﬁ%i 3355 “f:
N i

%\\\E&W

*\%@{é

}!é \ ?\x.

N
1

Dendrobranchiata Achelata
Hor Her
[T s
i
Caridea | Fo—————m—m——me
" " I Glypheidea

Mer  [Jeaz i
Hew © o -

: \ = Axiidea Wer [les Hee W=
: Stenopodidea : Polychelida Haxt D" M .an Fs Eap .arv
{ Wl 11 Weer W Woer ot 1§ Uae Eor Clom
=t ] poz P Dloez We: Wes Moz

(4) AEH 293 AEAS ] AnA

B4R Asd dede v
= =
[e}
A

de e gelys AHEA Ads o

o
E o

N

M

o

Mz

[0}

Atk o E Hof, gt

& AAAE Fgan

Sl % 7t

ITHKim et al, 2014). o8 s AFS & x| FHA ®ss v w
ofugl, Ar|doegi= o]Aa% F¥ 3 allopatric speciation)?] vz 283 b5 | AT}
gk F A (symbiosis)# 7] A (parasitism) ¥ 2> A4 FE g A s HHS 443
8 gQlog ALt} o F 5o, dlHel Ast= AVMAFY szl A2 sk A
S 4 we 54 dudde] viEA o stsh=s AEgs Holth olg AHA &
AEZ3te] Ao A gukal(adaptive radiation) ¢ A AldlE r sy, AEEF3

kel

o R
pEF ook & 247 HAS T At (Tsang et al, 2014; Ng et al.,, 2008).

¥

2o o rr

Aol REEA]

(5) T3 7 F3t(Integrative Taxonomy)e] Z A3} vz A+
Ay #4HF BEHSHES ¢ o4 vy HIWorE R &l Fud, BExAES A
a4 dolgrt A¥H FFEFIS 28T AF, T A (species complex)e] 4, AlE
o

Qe = S gdst A3ES Bdti(Dayrat, 2005; Padial et al, 2010). oS £, e 3

o o

frA}Fet Upogebia, Austinogebia, Laomedia 42 $E-2 COI'16S A& Hlael FeAS dolH
5 3 EAFoRM, F FEY WolE WEs 7R 4 Adh

FFolE A AA SAFHE d ol w o] 22 (BOLD, WoRMS, GenBank )¢} 1845 (Al) 7]
b Abs B AlaEe] dedowsd, dake] FuA ddS HAss AdA Abs EFAA A
o] 7hsald Aolth olfd §FH HITL " RIS o, Asudd 2d.v|Fws
A AEA &8 T TdET EoklA #28dE F o, FEATER] 444 & THAE
Eol= Tag de3ol & Aoltk(Crandall & Fitzpatrick, 1996).
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