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Morphological and Genetic Characteristics of Pearl-spot Damselfish
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Abstract : The pearl-spot damsel, Chromis notata, is one of the important fishery species in Korea. While
C. notata has been commonly harvested in southern Korea, the increasing number of C. notata in higher
latitudes has crucial ecological, economic and evolutionary implications under conditions where the climate
is rapidly changing. Here we examined the morphological and genetic characteristics of C. notata to assess
patterns of geographical variations among the groups from three different sites. The groups were clearly
distinguishable in the analysis of morphological characteristics. On the other hand, the groups were
genetically indistinguishable. All individuals fell within a single clade in the neighbor-joining tree but
appeared scattered in the haplotype network. Several haplotypes are shared among the sampling sites
(Jejudo-Ulleungdo; Hap 9, Wangdolcho-Ulleungdo; Hap 28, Hap 33, Hap 34). Although control region
markers did not elucidate the spatial patterns in genetic characteristics, Wangdolcho and Ulleungdo groups
appear to exhibit a more robust gene flow between the two groups than with Jejudo group. Integrative
approaches such as those combining morphological and genetic analyses minimize potential errors caused
by limited perspectives of each analysis and can provide useful information for discovering functional DNA
regions attributable to morphological characteristics expressions.
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7|15 Wslol| 71903 dl e deS AE T Ay B
X H3E oA T E 8 % dho]tH(Caselle et
al. 2011). o] AEo] 37 Wslol Hgas= AA A Y
Eff= AL ZEke] zpolel] 7118 Ao 2= ThE o
A A ztolE FEatal o voprt FESk(speciation)=
olojd Fx Qv BT E I A th(Stearns 1992).
SEvel Aol s d=20] wid oF 0.03°CY ‘353t
of, At 401 Bt F3lQte] 1.39°C, Hallk 1.27°C £
£ 7102 ZALE S tHSeong et al. 2010). ©]& 3t =2
so= v, e 59 xR o] L, AnKS
o] atEm, AE F 2AJo] WISl e oz
H Y% JATHO et al. 2010; Choi et al. 2006; Kim et al.
2004; Kim and Kim 2000). A5 2 sl Ao
oldulg skse} Wk eke] x| o] Eoual 9}
= Ao 3 o] h: 9o o] Mslstal AU
H ] FEHMyoung 2002). ©]# gk HstZ <13l s YA
o] BExAfo] W3lsk Zo 7 o 4E tH(Rahman et al.
2012). =GHstolA o] FExl 54 5 shbe o/
el WskEA] 1960-709] FaliQte] 8 -HojFolN
A ol 2 gl oFo] 19909 o]F Ao =3
S1A) ez, thal W, 4], o], 2o T3 o]
FE et 3fake ofFol salte] AdrdME dAF
o]2) 537 ItHOh et al. 2011; Jeong et al. 2003). ©] <}
2ol A AFE Q1 Gl B 5 A ofAr)

M o r

A 0T 59 FalY 9L wEsst SR virbdEor &
25 XS 55, 557 2 GEFEo] SE ]
o g ofdE Ath(Park et al. 2009; Oh et al.

otd) sdel de] FE3taL UTh(Lee and Lee 1987;
Kim and Kim 1996). $-gyel slgele= A2w(C
notata), ‘=% A= (C. analis), AFA=IE(C. fumea) 8
wa =GR (C. albicauda)®] F 4%°] A3 o
™(Kim and Kim 1996; Song et al. 2013), & A7l
WE=9 a2 e I ARlEFY A2 gk
L o|HoR SEY Qe AR BAEY It (Myoung
2002; Lee and Myoung 2003). =2 %, th=3l] o], Al
g Fafjol] $HH o= M sk= AR (C. notatay 10071
Al ool shtel #ehs o] Fo] Ad&Hrh(Kingsford
1985; Wantiex and Thollot 2000). Z&]3L o] 19| 9
of &5 gol FEATIHE FA do| Fslshr 7] £
A2 R ¢S B 53T H(Kingsford 1985). o]¢} 7+& EA
o2 Qlalf, AtelwE ke afj e wste] WztebA wkg-

S Ao R AR A5 (C. notata) HHA 7| 2AF=
Feld 54 EFH(Kim and Kim 1996), A2]52 o] F<]
A58 9121 (Koh and Park 2007), AFeh, #2] A]7]
(Ochi 1986) 5<] &5 5 AEISAl et A7t F=
oFolA glrt. T ER &% AllEe] TH W= ol
a1 Sl JhAlEe] g, 271 &, F, AT 5
o] Hss el gk Av7F Besirt ae)a BAYEE
A 7S o183 AH B fAsH 542 sk o
TE 27EH o] Ate IR AT, FE

=)ell A28k A (C. notata) ek 7] Hef 2 f-
A 54 RIS AR AFATE 2 AA4E Hasha

sttt
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o

o p
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2. A5 9wy

Al 2AF

o] Ao ARRE A|BE 20124 7-8Y Alolo] AF =
, 53l FExe = TR ATt &
AEE= oAl o o]83ete] 53 FEx Al
= SCUBAE &3l ZHlE ol&3td sttt 95

fu-oft
T K

g AlEE WY BEaste] ARAE Nke & Al 1A
534E& AT DNA e A=er|s dHs
o] 95% ethanolol] BE#3Io, AA| FH-LE 70% ethanol
of I3t
Jefshs] &4

3}
A g Aot AlS F--E Kim and Kim (1996)2] %
How 24 9 vt Al S SA=gu| 9] 7]
Z 4*(Dorsal fin ray), 1A= "]e] 7]Z 4*(Anal fin
ray), WA =2{"] ] 7]Z F(Pelvic fin ray), SA3FHE
*(Scale above lateral line), 2413185 9>(Scale below
lateral line)Z 3| F& 1|74 (OLYMPUS SZX7, x0.8)% A}
&3t AlFetAnt. AS F2A2 HAAH(TL, Total length),
A 4(SL, Standard length), #3Z(BD, Body depth), 7
(HL, Head length), =2 °](ED, Eye diameter), &+ 7+H4
(IW, Interorbital width), =5 ©] Z°](SD, Snout distance),
W2 ARF30](CPH, Caudal peduncle height), 78 71 &
A|=2fr] ZAo](LDS, Longest dorsal spine length), = ¥
A SlA|=2fu] Zo](SAP, Second anal spine length), HiA]
2jn] ZAo](PFL, Pelvic fin length)E Vernier calipersE
AHEste] HAARE 7IES R 0.1 mm7EA] S 6

AZHTLE A SLy= A2l e F2-e A4 nzt
MA ] =717} 2dolehr] weell LR/RE HAas) st &
A7 (SL, standard lengthyS 71502 7t H-9)& W&
2 WAt SAEAS SPSS program ver. 12.0
(SPSS Inc, Chicago, IL)E ©]-€-3l] ANOVA #4,
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m] 313t ANOVA 2412 7+
3t AAlstaR e s
l%ﬂ:% lstar HefP Ao

o= waa] 948 AN Ao 2

=

ABENE WERY AR Qe NS Hieh 7}
AN JUBAE Aol WARYT P =435

DNA 5%, THELWNS-(PCR) B 7144 24

Genomic DNAT® 323 &2t 27 thxl $ Genomic
DNA Extraction kit(Bioneer)2] AZA} 5 Ao uje}
FZ3199th. 5% genomic DNA= PCR % forward
primer Cr-A(5'-TTC CAC CTC TAA CTC AAG CTA
G-3)9} reverse primer Cr-E(5-CCT GAA GTA GGA
ACC AGA TG-3")(Lee et al. 1995)2 AM&3lo] n|EFC
2]o} genome U] Control Region®] € (430 bp)E 5-FA]
ATk

PCR WESH2 F 25uLe] 4S= ¢F 50nge| DNA,
1XE 34 % 10x PCR buffer, 1 mM2] MgCl,, 1 mM2]
dNTPs, 50 pM2] forward % reverse primer, 1 U2 Ex
Tag, 7= EHst A=k PCRE] 242 94°C
A 1087 #Hx A A1 & 35 cycles B<F 94°C9|
A 30% WARES-, 54°CoA 40% Ak, 2|3 72°C
oA 40 A WHESEl o, wiA| B ANEE-S
10827+ A8t DNAS] S3oies 171952 &4l
FRlskdith SFo] Rl PCR 2He2 AlRAR] #74
=}el] w2} QIAquick PCR purification kit(Qiagen)yS A&
sled #5192 ABI PRISM 3730XL Analyzer(Applied
Biosystems, USA)Z 71X ¥ES 24313

%4 54 ":r"’l‘!
A E] A71ge BioEdit 7.1.3& °]-8-3le] HHIA
3, MEGA 5.0501]*1 clustal W2 A3l HEs1% o
Y A He] fAtEet e A 7He] fAlEE &
o158l Th A71M Dol AT $Hi-(content)?t G714 4
©]& DnaSP 5.10(Rozas et al. 2003y E3f <13} Th.
el JHAIE ZFe] f-A3A= Genbankell AAE C.
limbata(EF439267.1, EF439266.1, EF439193.1) 97|1x<
o] v E Tl A8 TE Neighbor Joining tree=
MEGA 5.055 ©]-&3}e] Tamura et al. (2011)2] el
w2} 10009 2] bootstrappings ©]-8-3lo] A AT}
2= MAIES] A8 FH54-2 Arlequin Ver 3.1
(Exoffier 2005)° 238 F32 o4 (haplotype
diversity)® 971 4 (nucleotide diversity) 715 53l
AT #3148 WES A(haplotype network)=
Arlequin Ver. 3.104 2] 48 Ea) A& A Hx

9} minimum spanning treeE 71HFO.2 A|Z}slslA Tt

3.2

A= AR sz EA

A& AR AF=¢} Sl sFFoloA FRAILE
FE EEE vt G vreth divpdEe s
MFS Eot SAHHTE FYEHL Tl Ei= HAlok
At} EgkAte wet 2lRkstRol HehehRrt detstH
A, tiRbdRel rR IR 2 Z3s Al sE B st

| 2 %932 v XITHNRF 2006; Park et al. 2013). L
e _J:_E 161-]] }ESHE ZA]__E sﬁ)‘_Q_E_/] /\]-/_'\__0‘ ;q.
o Hlal F43] ﬂﬁEEM Ao 74 AW+ £F
*io] 19.8°C, $=% 319 16.3°C, 255 3192 15.3°C
2 Ao w}a} 1.0-4.5°Ce] zto]7} Uth. whH -2 A

_l_, [o2:#) Oﬁ

Tl GL] 735 A+t 33.3 psu, FEZ 39 33.4 psu,
2= oHﬁL 33.5 psu A 7+ Zfol7l A<l givh

(MEIS 2012).

2E A 72 Jdy 5 23

2kehol] 3= AE(C. notata) 23412 TLS 90.0 mm
o]’del™ 104.0 mm ©17¢2] A= 7ol (=FE]F2 HaL
ARyl FETL B Eo] Arhk(Lee and Lee 1987;
Yang 1988). oo w2 o] Ao o]&H BE A=
HaAR ] AAAFTE; Hat 107.7+£5.6 mm, FEZ;
Hit 146+ 103 mm, &5%; He 140.1 £ 6.8 mm)E
Eth S8 YExO AAEe A=lEe TLS 2717t
7P 2 ATl AM2shs A /AETE 38.3 mm
=rt.

AelEe] FelEAol ARgE o] AlF FE BF A
o 7ke] zpol7t OiZlUP o] AS FEL BT A
7re] §-2]3k 2po]Z B THTable 1). AT 2481380

E £ 8-91&E B3 Kim and Kim (1996)#= t}2A)
Ol‘ﬂd AFolM = ST 102 ER1E o] Zfo]
7F VHERstT.

AR A71E FEX, 55, AFE o9l JH)
Hl &0 thgk zpole AlF AelF2 HL(28.5 £ 1.6%),
ED(9.3 + 0.5%), SD(6.1 + 1.0%), LDS(16.4 + 1.0%), SAP
(172 + 1. 5%) 283 PFL(29.7 + 1.7%) &
671e] AlS FHol Al Ao F 7P A vEET 9=
%2 AEES BD@A7.4+2.6%), IW(10.7+0.7%), CPH
(145 £ 04%)5 XZg3sh= F 9] AS FAE] Al A
o 5 7P 2A et 55 AEEe Al A9 F
7P AA veRd AISPE Aol IATH(Table 1).

THHEAML 7FR 9] ASEAS BT E3ste] E4¢
A3}, Function 12 ED, SD, PFL, LSD, HL, 28] IW

= X
23ste &
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Table 1. Comparison of proportional meristic and morphometric characteristics of Chromis notata in each sampling
site. Asterisks indicated p <0.05. Each characteristic’s values showed that outside of parenthesis is average
value and inside of parenthesis are minimum and maximum values

Location Kmtla;gi)Kl m Jejudo Wangdolcho Ulleungdo
Number of specimen 21 18 24 18
Meristic characteristics
Dorsal fin rays X?{jﬂv’ X111, 13 X111, 13 XII1, 13
Anal fin rays 11, 10~12 I, 12 I, 12 I, 12
Pectoral fin rays 18~20 19 19 19
Scales above lateral line 3 3 3 3
Scales below lateral line 8~9 10 10 10
lz/lll(;l;‘glclt()eer:-llzgcl: Kmtla;g(z)K] m Jejudo Wangdolcho Ulleungdo Prolzl)l))i]ity

Total length (mm) - 107.7£5.6 (94.3~117.6) 146+ 10.3 (114.4~167.3) 140.1 £ 6.8 (127.1~152.8)
Standard length (mm) 63.5~102.4 82.7+£4.0(75.2~90.5) 113.1 £8.8(88.8~130.2) 107.7+5.9 (95.2~117.8)
As % of Standard length
Body depth 40.1~49.2 46.4£2.1(42.1-51.0) 474 +2.6 (42.7-52.6) 444 +1.4 (41.8-46.7) *
Head length 26.4~31.1 28.5+1.6(26.2-31.0) 26.3 1.6 (21.0-28.6) 26.4 £ 0.8 (24.6-27.6) *
Eye diameter 9.2~10.8 9.310.5(8.6-10.1) 7.9 £0.6 (6.8-9.4) 8.410.3(7.8-8.8) *
Interorbital widt* 9.0~11.0 10.5£0.5(10.0-11.7) 10.7£0.7 (9.4-11.9) 9.71£0.3(9.1-10.2) *
Snout distance 5.6~7.8 6.1+1.0(3.8-7.3) 49+1.0(3.3-7.0) 43%0.7(3.0-5.2) *
Caudal peduncle height 13.2~14.4 13.9+0.6 (13.1-15.1) 14.510.4 (13.6-15.6) 143104 (13.6-15.1) *
Longest dorsal spine length ~ 15.8~17.8 16.4£1.0(14.2-18.2) 148 £ 1.1 (12.9-16.9) 15.71£0.8 (14.4-17.2) *
Second anal spine length 17.0~19.9 17.2 £1.5(14.5-20.0) 15.6 £ 1.2 (13.7-17.7) 16.5+ 1.1 (14.6-18.6) *
Pelvic fin length 25.7~31.0 29.7 £ 1.7 (26.0-32.8) 27.6+2.0(21.8-30.9) 27.5+1.7(24.2-31.3) *
As % of Head length
Eye diameter 32.7+2.1(27.4-28.3) 30.3£2.9(37.0-25.4) 31.7£1.5(34.1-294)
Interorbital width 37.1+£2.2(40.4-33.2) 40.4 £3.3 (47.9-33.9) 36.7£2.0 (40.3-33.6)
Snout distance 21.3£3.5(26.3-14.6) 183 £3.7 (26.6-12.7) 16.2+2.4(20.0-11.4)
o7 J=E2- 55 A EH AF A5 FES= 3R THEKM003884-KM003943). Control region 2]
T 99lo g IWHHEFE 61.1%°IUT}. Function 2 IW, G714 € o] W= 430-432 bp(ﬂ]—zrl-:_, 430 bp, F=%;

SD, BD, PFL, CPH, 12]3L SAP 0.2 A|F-4Ex =}
g5 £E AES FEdke FeleE W=
33. 0%°1°iE}(F1g 2). I HAFE2 AT Aol 1870
A S 170A(99.4%), F=% A5 2404 T 19714
(73.2%), =55 AT 1904 5 170A(99.4%)= &
607HA 5= 50701 (88.3%)7} ZHIEA = AT AR
/\4 g_,)roﬂ/q H—i 7].];(]] _.,]_ 7} 6‘370 7]__/] /\]-_;,]-HH
A5t A3}, Table 19] Ao} 722 A7E BYon W,
BD, SD, HL, 2283 ED& Al A9 ¢] Ae]ES FiEshe
329l A Ao =2 YePTHFig. 2, Table 2).

rw

ZARE Ak 7o) 33 Ex AR
Al Aol HG e A2l=(C. notata)>- 258 SR
6071¢] control region(CR) @714 ¥-S GenBankol] 5=

97.7%)= =
67.5%(11]—r4_; 67.5%,

C. limbatas} 3 2}

o = 1.

432 bp, =06 1, 432 bp))\;\»l__
97.3-97.8%AF%; 97.3%, FEZ; 97.6%,
2 golEqch. A 7 &

SrEx.

FEZ; 97.5%, AT

2 Aol =
ATHFig. 1).
Al Aol A 2y

=kom AT

e AesF
(haplotype)T= Al
0.064 +0.033), FE2 2370 (TFFE 215 0.996 +0.013,
0.051+0262), &5 18/1(TFFE A4 0.987 +0.023,

NG 2 Rk el

5= 97.8%)

APE M= 97.5-97.7%HF %

E-2T5E; 97.6%, 4EZ-TTE;
SHr & (content) HE= 65.6-

[IR==

A EZ; 65.6%, 55; 65.8%)F
g1t 283 AR E(C. notata)s} ZABA J=

187 (=

2}t neighbor-joining AlETE AT
gt A EE dAlET R Ejle)

control region®] A=
A14=: 1.000 + 0.019,
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Fig. 1. Neighbor-Joining tree based on the partial control
region of mtDNA from Chromis notata individuals
with Chromis limbata (accession no. EF439267.1,
EF439266.1, EF439193.1) as outgroup. Shading
color circles indicate individuals from different
sampling sites. Bootstrap values (>50%) are given
above the nodes. Scale bar indicates susbstitution
per nucleotide site

0.025 £ 0.014)2 Vepgth 8282 2bl 223 U E
135 BAFAKFig. 3). ©]= control region®] AFE]E
kel 82 (gene poolyS A dh=H -85 &

H9e HolFE Aot} A AR FAxEH L A
o 7+ Ffroke AoE YePITAF- &5 %; Hap 9, %
-

i

% -2%55%; Hap 28, Hap 33, Hap 34).

&
b
Lo

o= 71FHstel 2dEs 5ol o3 s
| F4552 ¥ JATHKim 2010). 1% 37
SI7t AEoAl Aw e G I X|=Aol gk A+

o] AgA wx B F ¥o] S Fas] o

rt[',
i

o
o
O-

o

éo}ﬁrEa
L )
ro

G, 31, wolo] ue P P usica
L EAMe] Byl the A7} T o] FolA

> g orr Lo
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Function 1

Fig. 2. Dscriminant function analysis and correlation
analysis based on morphometric characteristics
measured from Chromis notata individuals. Orange
arrows show the direction vectors of morphometric
characteristics (IW; Interorbital width, BD; Body
depth, CPH; Caudal peduncle height, SD; Snout
distance, HL; Head length, PFL; Pelvic fin
length, ED; Eye diameter, LDS; Longest dorsal
spine length, SAP; Second anal spine length).
Shading color circles indicate individuals from
different sampling sites. Different color squares
mark the centroid of each group. (Discriminanat
scores in function 1; 61.1%, function 2; 33.0%.
Refer to Table 2 for correlation analysis value)

AtH(Law 2000; Frederish et al. 2012; Hamilton et al.
2007). 215 Adol™Holl w2 Pomacentridae 172 |
MSE A7 A, BEFU GARE Holshs Aol
2+ (Zalembius rosaceusy T J= sEEFIES 4
O| & 3l= ol A& (Azurina hirundo)?} A12)5<5(Chromis
atrilobata)R. T} FFole] Eo] olHlZ HA Ut
(Aguilar-Medrano et al. 2011). X3k A28 o wle} A
Aol T} of 7ol st A+ % Wo| HilE XAl Utk
(Schultz et al. 2006; Rocha 2004; Maan and Sefc 2013).
olgg AFEL 33 2y AE S Art
Ao gtk Ag HolFe Addrat & 5 2
ot 28BE o Are i AuiA wskel AE wke
= FAs7] 93 HE g tigk Al ATEA, &
T o ol 28E IS Ao E odETh

Al Aol M2jehe Akel=el Alrst ASEE S 24
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Table 2. Coefficient of discriminant and correlation analysis in all morphometric characteristics (r is Pearson
correlation coefficient, r? is determination coefficient, X and Y are function of discriminant analysis)

Characteristic BD HL ED W CPH PFL LDS SAP SD X Y
BD r - 0.940 -0360 0.496 0.191 0.252 0.027 -0.118 0.188 0.058 0.062 0.500
p-value - 0.475 0.786 0.000 0.144 0.052 0.839 0.371 0.149 0.661 0.639 0.000
2 - 0.884 0.130 0.246 0.036 0.064 0.001 0.014 0.035 0.003 0.004 0.250
HL r 0940 1.000 0.523 0.141 0.561 -0.328 0.332 0.234 0.247 -0.562 0.637 0.043
-value  0.475 - 0.000 0.284 0.000 0.011 0.010 0.072 0.057 0.000 0.000 0.745
r? 0.884 - 0.274 0.020 0.315 0.108 0.110 0.055 0.061 0316 0.406 0.002
ED r -0.360 0.523 1.000 0.053 0374 -0.457 0471 0.506 0458 -0.720 0.785 -0.304
p-value  0.786  0.000 - 0.685 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.018
2 0.130 0.274 - 0.003 0.140 0.209 0.222 0.256 0210 0.518 0.616 0.092
Iw r 0.496 0.141 0.053 1.000 0.193 0.137 -0.283 -0.215 0.143 0.008 0.188 0.902
p-value  0.000 0.284 0.685 - 0.139 0.297 0.028 0.099 0.275 0951 0.151 0.000
2 0.246  0.020 0.003 - 0.037 0.019 0.080 0.046 0.020 0.000 0.035 0.814
SD r 0.191 0.561 0.374 0.193 1.000 -0.371 0.276 0250 0.062 -0.493 0.656 0.273
-value  0.144 0.000 0.003 0.139 0.003 0.033 0.054 0.636 0.000 0.000 0.035
1 0.036 0.315 0.140 0.037 0.138 0.076 0.063 0.004 0.243 0430 0.075
CPH r 0.252 -0.328 -0.457 0.137 -0.371 1.000 -0.172 -0.247 -0.063 0.365 -0.402 0.226
-value  0.052 0.011 0.000 0.297 0.003 - 0.190 0.057 0.634 0.004 0.001 0.083
r? 0.064 0.108 0.209 0.019 0.138 - 0.030 0.061 0.004 0.133 0.162 0.051
PFL r 0.027 0332 0.471 -0.283 0.276 -0.172 1.000 0.623 0.399 -0.607 0.542 -0.377
p-value 0.839 0.010 0.000 0.028 0.033 0.190 - 0.000 0.002 0.000 0.000 0.003
2 0.001 0.110 0.222 0.080 0.076 0.030 - 0.388 0.159 0.368 0.294 0.142
LDS r -0.118 0.234 0.506 -0.215 0.250 -0.247 0.623 1.000 0.323 -0.508 0.480 -0.345
p-value  0.371 0.072 0.000 0.099 0.054 0.057 0.000 - 0.012 0.000 0.000 0.007
2 0.014 0.055 0.256 0.046 0.063 0.061 0.388 - 0.104 0.258 0.230 0.119
SAP r 0.188 0.247 0.458 0.143 0.062 -0.063 0.399 0323 1.000 -0.487 0471 -0.057
-value  0.149 0.057 0.000 0.275 0.636 0.634 0.002 0.012 - 0.000 0.000 0.663
2 0.035 0.061 0210 0.020 0.004 0.004 0.159 0.104 - 0.237 0.222  0.003
SD r 0.058 -0.562 -0.720 0.008 -0.493 0.365 -0.607 -0.508 -0.487 1.000 -0.958 0.182
-value  0.661 0.000 0.000 0.951 0.000 0.004 0.000 0.000 0.000 - 0.000 0.164
r? 0.003 0316 0.518 0.000 0.243 0.133 0.368 0.258 0.237 - 0.918 0.033
X r 0.062 0.637 0.785 0.188 0.656 -0.402 0.542 0.480 0471 -0.958 1.000 -
p-value  0.639 0.000 0.000 0.151 0.000 0.001 0.000 0.000 0.000 0.000 - -

2 0.004 0406 0.616 0.035 0.430 0.162 0.294 0230 0.222 0918 - -

Y r 0.500 0.043 -0.304 0902 0.273 0.226 -0.377 -0.345 -0.057 0.182 - 1.000
p-value 0.000 0.745 0.018 0.000 0.035 0.083 0.003 0.007 0.663 0.164 - -

2 0.250 0.002 0.092 0.814 0.075 0.051 0.142 0.119 0.003 0.033 - -
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Fig. 3. Haplotype network based on the partial control
region on mtDNA from C. notata individuals.
Circles indicate all individuals’s haplotype and
the size of circles is number of individuals with
the haplotype. Lines indicate nucleotide difference.
Shading color circles indicate individuals from
different sampling sites
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