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Abstract

In recent years, marine recreational fishing industries have emerged extensively
worldwide, becoming a national development strategy in various countries such as
Mainland China, Australia, Iceland, New Zealand, Japan, the European Union, Russia,
and Indonesia. However, with the thriving development of these industries, the soaring
demand for marine fish, shrimp, and crab resources has led to resource depletion.
Governments have been compelled to employ biostocking to supplement market goods
that generate economic benefits, thus meeting the urgent demand of the recreational
fishing industry. The significant impacts of this approach on the ecosystem are yet to
be thoroughly studied.

This study selects two economically valuable crab species frequently used in East
Asia’s recreational fishing industries, the three-spotted swimming crab (Portunus
sanguinolentus) and the blue swimming crab (Portunus pelagicus). The aim is to
explore the population resource management of these two species within the
recreational fishing industries, and to ascertain their population genetic structure,
phylogeography, and population historical dynamics in East Asia. The introduction
section of this paper presents the background and motivation for the study, highlighting
the importance of economically valuable crab species and the conservation and
management challenges they face. The objective of this study is to provide strategies
for managing the population resources of blue and three-spotted swimming crabs in
recreational fishing industries and to provide a scientific basis for the conservation and

management of economically valuable crab species.
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This research employs samples of blue and three-spotted swimming crabs from
East Asia, analyzed using molecular biology techniques. By analyzing the genetic
markers and geographical information of the samples, this study identifies the
population genetic structure and phylogeography of the blue and three-spotted
swimming crabs in East Asia, as well as explores the historical dynamics of these
populations.

In the results section, this study reveals the geographical kinship and population
genetic structure of three-spotted and blue swimming crabs. It's found that the three-
spotted swimming crab samples are from Mainland China (Shanghai, Xiamen, Hong
Kong), Taiwan (Yilan, Taichung, Donggang), and Singapore, with a total of six
populations comprising 110 samples collected. The nucleotide diversity (m) of all
individuals is 0.01149, ranging between 0.00372 (Singapore) and 0.01345 (Yilan).
Ninety haplotypes were identified, divided into two clades: Clade A consists of samples
from Shanghai, Yilan, Xiamen, Taichung, and Donggang, while Clade B corresponds
to samples from Singapore. Blue swimming crab samples come from Kaohsiung and
Penghu in Taiwan, Xiamen and Hong Kong in Mainland China, Vietnam, and
Singapore, including a total of 166 samples from six populations, and they can be
divided into two major clades: Clade A consists of samples from Xiamen, Hong Kong,
Vietnam, and Singapore. Samples from Kaohsiung belong only to Clade B, while those
from Penghu belong to both Clades A and B. The haplotype diversity (h) of Clades A
and B is 0.993 and 0.990, respectively, with estimated nucleotide diversity () values
of 0.040 and 0.031. The population genetic structure of the three-spotted swimming
crab is relatively complex, possibly affected by ocean currents and terrestrial barriers,
while the population genetic structure of the blue swimming crab is simpler, possibly

influenced by ocean currents. The geographical kinship of the two crab species in East
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Asia shows that both species each have two genetic clades, with the China and Taiwan
area samples of the three-spotted swimming crab forming one clade and the Singapore
samples forming another independent clade. However, samples from Penghu in Taiwan
for the blue swimming crab display both clades, suggesting potential human influences.
In addition, this study explores strategies for restoring coastal recreational fishing
resources and offers specific suggestions, including strengthening monitoring and
management, establishing protected areas, and limiting catch amounts.

Furthermore, this research aggregates management measures from several
countries for both crab species, as well as the American blue crab, none of which
include DNA testing in their management strategies. Therefore, the study further
analyzes the correlation between different fisheries attributes and geographical kinship
in our country, proposing strategies for the restoration of coastal recreational fishing
resources in the future.

In conclusion, this paper summarizes the key findings and contributions of the
study, emphasizing the importance of the research for the recreational fishing industry
and for the conservation and management of economically valuable crab species. The
results can provide a scientific basis for managing the population resources of blue and
three-spotted swimming crabs in the recreational fishing industry, and can also serve as
a reference for the conservation and management of economically valuable crab species.
Future research can further explore the population genetic structure and ecological
characteristics of economically valuable crab species, as well as strategies for the
sustainable development of the recreational fishing industry.

Keywords: Recreational fishing, Portunus sanguinolentus, Portunus pelagicus,

Population structure, Phylogeography.
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CHFERAIEAT ML ERTERARZETEYLE (P AP TIRE
4 &L T 2023)

DR R es TEAfoF GRL T RIS A el e g
7 (Hewitt, 1996; Avise, 2000; Dodd et al., 2002) = F]p* » # iz % i ~ 4 $ & fop
REp 3 (% L8 F S fEcnd v @24 (Hewitt, 2000; Dell etal., 2014)-
T oA MEeRE S T L R T eI A b S R0 (Gallagher et
al., 2015) » L #TE A EA AL F FA TG A BERT ERE 4 b iod g
B & pEenmor 4f sc % (Hansen & Sato, 2012; Wang et al., 1999) - F]yt » 4 %
ARSI B T E s e AR 2GR R H A & el < 2 4pig (Chenetal,
2015) - A geeh Hirf iz P2 R 5 AehF A fedpicE 2 > 28240 F A
SR ol o (Lietal, 2017) - 2t e £ 2L A T4 pend B
B~ Aol @24 ah3 & R F)(Shenetal,, 2011) o g fs k' (LGM) > &5
es T og ot A 130-150 F 0 s s es T g i1 100-120 F (Xiaoetal., 2004; Liu
etal., 2007)c F]yt > F A A F - HI i BRI EBE NIRRT A
ERfed Y ® A pipid (Wang & Sun, 1994) o 78 rkdp o Jn AR ¢ R
Mein g A 0 ¢ RS AiedsaE it e 4% s (Wang & Sun, 1994) o ¥ ¢h > AT s ok
R BTy (RER oK 0F SRR AR L A kPR - A

A TR T A2 F L k% (Craw et al., 2007) - /e 242 frIk e ch % 2 40
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GE-25 U RS I el BN SN SRR EEAE R rt AL LA 1 AR Y
72 fe %2 X % (McCartney-Melstad & Shaffer, 2015) -
- BHAOE G R F D E R AR O e i 0N A

%_ (Avise, 2000; Hewitt, 2000; Chen et al., 2015; Chen et al., 2017) - 313 *% ¥ @

Er

PR E A B d ] AR A o Bldesk ! s F iE R fog RS
(Strugnell et al., 2012; Pinceel et al., 2013; Nali et al., 2020) - & iTsF= 3 2 P > §
FRLTRERPEL Gt P2 R SOE X > 5 DNA Hjies 700 % 3NiE
Bk e @ 58 (Avise, 2000; Hewitt, 2000) - 43 48 (Mt)DNA & 5 3+ % 42>
ldop-ig it ~ o) enE e fe* kB R Hg £ EMEBFEFT (Hoelzel et
al., 1991; Xu et al., 2009) -

AFIEF L A" mDNA 'wie d % 5 i A5 (CONA Flikie - 13t = 5 ¥ Fli&
AT i il ..‘s‘—;—ﬁ AR g B A RS £ (Renetal., 2018) - mtDNA
D RadE?RGEHFEY BRI AN TR ET RA G R EE RS
(McMuillen-Jackson & Bert, 2003; McMillen-Jackson & Bert, 2004; Gallagher et al.,
2019) » % ¥ & 0.1-0.11 & % (Mya) » 27k " iE* H iRk % 47 % 100-120
Foo Bk TEAE RERERE > A2 1 ARB Y —% i L (Voris, 2000; Chai et
al., 2017; Madduppa et al., 2021) = i B 5 $kf2 2 H &2 53 @ g4 onfd fhe * 20
FRicEE- BEG F LG Ed 4 (Ward, 2000; Ortega-Villaizan Romo et al.,

2006) o A F7F e FES AT 0 ARG N ERRGY RS PR EAEF R
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@ o iTE RS TR HEHAEREFTRTL > L RFRE T FEEEE K

FiEAE LF TR T R A T L TR s B PTLRRE

B T R Al FRAT - F - AR L BRI T2 R
A 2 BRI FRRE o g b AP IR A K S PR R S AT
TERE S AE LR S BRI E S ARG R B B3 BE A B ey

% F M DR AR T B R A AT R R L RSO SR AR RS

T
/\"

A BT TR LB TR S Al FRR T ERCY S C
FUFLHEAFTE . "TPHFMEA ) FRRETIFLE €2 2 AT AR
R R RE AN FI R E R s A i e g 2t

FERE > A OFTHEAT L AR E AR ETRAT § Lenidy -

AT AR A1 kP ird)w (D-loop) & Fleo mDNA H &> A1 A Tk %
EERFPERART P2REEESR QR U T PR B ©

“r')%"’]‘ﬂa/, ghi?‘ ?}EJ_? ﬁi’ °

12
doi:10.6342/NTU202303028



FoR Wil
21 hBPBEFRT LG A

R RFELFT RS R RF R EAERFRE 0 BEET LD

AEE e RN A R R B R R EBT LmA S T A

LACK M i ¥ AiBip ~ipim s A KRS

IS
o
[
s
PN
kK
=
o
e
/4
o

FA A B 2 PR CRBERYA A KTE AR
PR e F2-k* A ~ g~ BRA o~ SANEE L o R E .

2.4 R E iR S 3 A BAURITI R EE S BB S BP BT~ BR
FRER ~ A )~ K & FehA Y B F g E AR 0 A2 Apdad) s kA
A A BAA S PR CFRBE KT s AKRTA - AFAEE > PRSP
FEICAE A I S S SR s o CE IR A SR -3 SR I SR I GRS
B DA R RORE

B B - BEARDE R BEIT G T A RBFEAACRER Y B B
Bk PG o

4ok&) D Bk AP R AP T AR RIS PG T AR R
7o R VIR o

5K 4] 8 AT PRI R Bk F s R OR Y 3R
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6.y F o4 A ) g KA E ARV FRRRRSRS

TR A BRE &

L1 AR RATAOR AR 0 LK) AT

BEFRMA  AEEFENB A ERESTNBARFRRELF TR -
Oy R A E s A RKAFREMBRTE REFHF R ARTB T LW

s
SRR R RN R e el R AR R R E AT R TR LR
FREE T E@PAE BB A RABE T A R on AL A B R

THAFERBRELDL o
22 A KR

A 2018 & 127 32019 % 10 P A B RS PR A AF BS
AfeE T E R b BAAERG KT F 100 2R 5 T30 R E E A
FHI®3 X gk kp P WA FHLAESH) ~EFXXM) ~ 4B HK) -
EE R4S 427 F(YL) ~4 ¢ (TC) ~ L% (DG)fraT+e B (SGP) 7 B ¥ %>
#4110 BAg (R 1> 4 1), 3

bE B BERALERY EEREFR
#}I‘«& %—’?fq "F"%ijk ?ﬁﬁ %‘_é N /ﬁ‘i Fre ﬂﬂ]&]é’*%gf,—ﬂg-fﬂ% \FI:I"#

£ (B14%1) #ﬁ'i‘%#ﬁ'}é] OGRS R B B ki ek A P B~ DNA TR

Lt_
T5C 5 ¥ hib e 6 BE Rk ¥ 166 BiEA o H Y 2 3 d B g P

(XM) e % i (HK) » 423 e 0 (VN) £ 4 8 22 (KK)foi i (PH) » 11 2 374c 3t
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(SGP) »H P E P2 g Adytomn » Hir g7 Bas s A2 Pl L@ flg
PR R AR R A JeR B A AracH Rl L ¢ B i R

B (2> 42> & adtB DNA % = T4k &-75C -

2.3 A3

1.DNAX B~ > 53 fr 25

By ey - fﬁﬁ.ﬁ? EDNAE B> sz A7 7 & * 7 QlAamp DNA Mini Kit
KGR & et BOmp s e PA A T e DNA - iz 8 - f&d Sambrook{-Russell
% 2001# B 3 chp it (Sambrook & Russell, 2001) - 3% & i i1 #* 7 tw¥e 2 f2 - 1k
B E R R R R S IR SR A ¢ S i DNA - 2R (8 AT Y
B30 RO P R B AR RIDNA > T H 2 (7 7 PCRFH] o A A 47 © 45 5
oo AT AR HDNAGE G R P EET O HFH e s o BB REBARIRL R
SR MDNAG ettt €& (c7 AR v AP ER R E o S
TR ER A AT R Y A S D YEN-F{rYEN-B o izt 513 %t
*ok e e 3 4F TLADNAT 32 chie B B o YEN-F3l + ch A 5] £.5'-GCA AAT
ACA CGC AAT AACTCT CAT AC-3'» m YEN-B3!+ ¢ 5 7| £5-TGT AAATCC
GTT ACG AAT AAT ATA GG-3' - PCR¥ Ji& #_#Geneamp 24004 :x [E]z% # (Perkin

Elmer, Norwalk, CT, USA) } & 7eie iz S B/ 7 — sy v oo % ke
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#PCRF Jis - PCRAZE & #2391 ¥k » & B J5 7k & 42 £-95°C 7 & {7504y en% {29
s h50CT R FALA BTN A B e e T2C TR FLEA it B AT o b K -
Bk F - BOSCTEL BT 4RI A bl - BHZR - 5 - B72C
T10A b K oat ) B o (iEPCRE s 0 AR 3 B HA P L 1.5% kiR
BRAL SRS o TAE - B AT H DT T R DNAR BB S A DT &
Poghro A Hrts o AR R A FFFIGEA L (Biol0l) fFH i o BEHME S

FANIE - RSP

ik

EDNAT #-HFEGR &5 P p i RendF sk p o (s 287 7
g * ABI 377 DNAZ A R:E 7 T/ » U EPCRA Y ¥ omRNA - =B ik B it *
SR A b R B R - B AP 2 s 1 R DNAR 7 eht E o i
PE e R R F R AN F AR AR A KA T A
TRHEA? AFENAST~CfeGoe FIt > Wiief> 3% > AT 7 NEF AR
PCRA Y ¢ crfg» MRNAF 7| » gt HF G A e 7 ¢ 22 £ & > FIZ v P
PR R B T ot AR X T L R ] e
N R
2.5 7 & 47

EAET ORI AARAEY AP T EARE T A EDRFRI] - R A
Fly@* o - fas s 1 B G MegAlign (DNASTAR, LaserGene, WI, USA )>

FHEU A AR L e B M SN AT R P AR F B R A2 B e R
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BLAR BN IMER c AFTHVHESEF T FE AT T
PTE EMASE fREA T e EHE/EEH L (transition/transversion) & o &t i
BT KRG AR AR 0 02 BB L B o i e d et
(Nei, 1987) - #73 g+ & AL E® * DnaSP v5.00 #ti* (Rozas et al., 2003)
krdd gl - FEF AP E{rd BEF T KPR <1 8 o GRS
RAT G el B A A 0 AT R B AR 2 0 B M e AFT S R ¥ e
% A%z (Neighbor-Joining, NJ) » iz > 248 R LB * 2 F T g > 7 113
Pk 2 A B indiedp o 5 AREFRAFT T G M BT g AFTEET -
-+ =% ¢h bootstrap 4 47 (Felsenstein, 1985) » izfd » 45 = 2 ¥ U3Fp A7 7 g &
SHET M AT B R o BF > AT 1% MEGA 6 #r 23+ 5 7 DNAE &4 ehd 3
vodie (pairwise comparison) R % #c o WypipE L N R ¥k A R
Network g i *< # 4.6.1.3 (www.fluxus-engineering.com) # & 7 & ] 2 = #f
(minimum spanning network ) (Bandeltetal., 1999) - &/ Bl ¥ g B3R 2 B
EH T o T 0 T U B A RIERIF BB B Y o R E B
G B e it fr e (Excoffier et al,, 1992) -« A7 7 1% sz & | 4 = 4>
HAG M BB FFE o~ R 4T A HABR B HEF O Fe ol IR S
FHPIDCEEFROFR o AT RT 1T T =2 T 254735 (Rogers and

Harpending, 1992) » # ¢ T4 7 35 B 4o » 7 2 TR FFHETF > y B £
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3

\\\?{r

Fo SRR RRIRUATIA AR 30 B R0 AP T
& B HEL17-1.66%:0T 32 475 0 1% F - & g (Liuetal., 2007) o #
FrRgEfiEten 26 ORISR R AT NHIECBRRAELFEL 5

FAfend B G M T R  H fRR  RE AR GRE N T fE e R TR 27

FHEHDAFTOF AL IMEL > S {HR AR LG RBDYE

Pt

SRR EBRREY R R REHLFOd @A AR ALY

S ERR A E c HF A AFETRY T - FRA SR RE S LG
ARLEQUIN 3.5 (Excoffieretal., 2010) - izAc#c i+ & AF7 7 ic fadf /s 32 5 % - 4
HEH 2 B B gl (Fsr) o effdpdice v 5 - R 02 54 kiFE 2

BRENE S A NPT S AT RT I B H e

?‘T‘l
A
g
(\x

=3

#

AR AR B N WS BORER B R B RRFE LT @ 4p
Mot o AL HRT T AL g2 (UPGMA) % = bk S > o4

BT IR B ARPRE A N A (R Rl o AP

#8707 4 F %2 4 1772 AMOVA (Excoffieretal., 1992) 2 3% i3 & ¢ e 32 4 o
B A SR RN IR RHL B @B R - HEN AP H

EFEFR G LD IR fR o e AT RBUPCGMARIR2E |~ 5 7 el

Ris 21710000k B P AFY > KR E P EFRT > kA

é‘-‘!
3
i

55 RR NG R LB AT RRLY 0 AL - Bt s e A

18

doi:10.6342/NTU202303028



# 7 41* DnaSP 5.10 (Rozas etal., 2003):& {7 7 © P23 F R A Tk o 7

tiplEk ¢ 427 0 § D¥k s (Tajima, 1989) frFusrFSt % (Fu, 1997) = it 5 f6 th %

it

VL FAFY m?;ﬁiﬁﬁﬁ’+ﬁkaa» TRFEEO]PAFE
L3 ERF IR LT E- HHRBELEFR AR EF EERFRERR -
AR A RN T B RRT PR LR st A ki 7 e
TG ET T EEPN DR B SR I U RJERPERE A R o
*EG s R E T Y X g4 @ (Poissondistribution) o 4% - % AE 2

FEPER M AR A E R DA RTINS o S G

BAGRETRD - BHEERN o ApF 4ok - BEE L ) RIFL T BT A
- E TR % 4 05N (multi-model ) o XA o dodk - BOEFE KSR ERHE 0 IRE

v oA T LHE % #5558 (uni-model) (Rogers and Harpending, 1992 ; Rogers,
1995) « 2FF g PR g 3 2R &0 A SR {REO B e B
BT R AW o EIEN AT IR R EE LT B s AF TV U
PR F ol RERLF gL KA fte R B FfoR i A S F g
To AL RE ERE B olichy KB fRRHE Ol B SR A
PARSE I RET LR AR R T
AT e o Ay R * 7 Mantelip]3# (Mantel, 1967) o i& & - f& f 5e3-

B kR N S A e & B 8 AJLR S B 6
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FEZRBOMI ATy P > A7 EH R * ARLEQUINGL i kit i7ie— Bl
Ly R fel R iEe 30 REFZFIRARE AL AR
P ehliclh B (7 IR o um foino AR T A R il
@i dpd (Fst) EArdp oohi MEEHLE 7 B35 o Fsr@ F P27 R E R i B4
AR R @ B IEFEARR| N A T B BoEE 2 By SRR bjc B T AT 4T Bdh 1
AFA G & Mantelip3R & (7 et A 47 o At iEAeY 0 AFT T (7 0 1000 B e
Pl T HEFMORT c B N AP SRkl B s L TR
SR F G LB E OB 0o 5 FER AL A TR [ SR AT
EHER Y REIRHIT AR AR T e TR o B EF ELT X o
RAFT IR TR 5 { AV B BEFEHDST AFET T LLF B IR
Fer g ez B o e b8 3 A F b B o ip Bt dhor s N ol
CEREFERDRE L FAFTHRED LR OB RGERAEE & A
P #riikamTy o
Y NP =S e S RV E

AR RS R RIERE- L g 4192 (document
analysis) ~ 5 & # 3 % (historical research) £t ™ 3 ;2 (Comparative research)
(4% 5 > 1993) - TEHHE vﬂfw\ﬁ (document analysis) 7= - % B]i% 16 4

- B ARG RE LTRSS HRRIE AT SRR TR B
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pe 3 o e o = E 3 3 = 2 i
TR - Ha T U AEET BT A BFR SR NER S

N

She

ST AR TREOR R REEF T EFHI T O T H A
EAp o PEAEP AN P S FUPEBRIERART N PP E AR (4

%4 > 1993) o Fr e #2732 (historical research) ikF¥ g % & £ f ¢ & 70 p e

*=

BEFLFEF SRR -FAUEIFLORFREALEFLET T PO A
3 R B }/}om)ﬁ,{/ggaﬂqt zg,g@;gmr 'F"’;ﬁi{ﬁﬁpﬁ‘flﬁ%ﬁ;’ﬂ:’t{{gﬁ

TALenpp b B fs A) 1 TR APEE 0 @ (58S JrniR P £ A E LR

f=
m
F_&.

|

=
S

A2 FBE R :".if':“ﬁ? Go X RHAMIMOR RERBRLEBRP RF R EA
LA F B2 2L &% (5228 > 2006) - - 287 7 2 (Comparative
research) - & § £ 34 %78 & 8 2. [ e n"*l‘f TE LR gty 3 iR
FUEEFEAL SRS W RFTZF R YT L B N BR R
BnB et g § PFm % S0 R LA AL g mant ) RFERA T PALE S
T PE AR AL REA AR VR EFE AR R FEE FK G
WG HUE 2 A TR Y o v - TR A B A S B g BT
PEEYZF FHER R HF R HREEEHRREDS 2 (LG 0 1993) o 1t
P A A 2 BRI 6 A T et i 2 Ap R AR R DR g 2 )

#o BHALE RS R AR T AR LB BRI (AR

1993) -
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F2 R REEHB
31 R 3 FHBR%M G

AL REN ALY R - AR EEF P - RS AR
FILEF Y A G EfolbEFar B FL P FEDES R R iAE A

LEHE 3 EA PR AT 2B FLI0BZFHEPAFIE 7l & 0 B kA

By

e EAEIE S AA L R ER DI EE R RE VAL E R BE
Biak o AL AT ¥ R AR B S £ B X 58641 ik 2 ¥ (bp) o B A
FlV > 2 2 35T BHEE, NETLR G R B TSI, BT AT
THEDRE RS Bl A QW - H AP Ao ERE > AF L RS E T
NFH B4 (MASIENE) TLERMT FE AT & SR
AR L AT ARFEAEL AH BT - R R A R A BT
27k 2 uenih FlEcdk B GeneBank ® 0 H % 4555 % 0L692628 - OL692737 - iz~ B
TIAHAFELFL X R OERRT S L 2O FERE ER DRI
Voo R ALY > AT ERML ALTE R BEEEN AT
UL FH TR AT AP LERT - B ABDORE TR PR
SHES o ATHH AR F G+ Cr BEF REAB37% - THBLT o 2 ipl
FHHOPAR GHMEGT M SHEFRBIE AL - HawT g o 0t ATy

B BRI R (M) S N F REN VAT S g
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TR BB H A Bl AL T OLE S T R R AL G E Rl

‘.

B oS TR B TR S B R E Ry AL ] B
fRz EEen et S HMB R E A BRERGREER 2 AT

PPy e% it BwdFRfeff i 5 AR g el r F i

ALY AFTEHNALE Rk B BEMEF D wRDATF]S
Bl Adr o Py Rl G EMOE SR R (h)EF) 10988 2 FA
&5 PP (XM)£0.856 % & fF(YL) ~ & @ (TC) ~ % i (HK) 2 2 %74 5 (SGP)£1.000
2 RN (R R BARN L - KHEP AL R T BEED

BB IR B > AT ALIOBHRAY S # = EFTO0BE B4 H Y &

FohE AT D B b foitio sl Il B ATE § che bt 2R R %

-~

a1

T AL T ot okl o A TIEARY 0 AT 1 TR i
Bedf 23 o AR Y R I R AT L T el b R ok o
TN A e g P IHER DA > AT % v kaE 0 i (N)
frde < iz (ML) &0k Siph> £ gt ig 7 7 AMOVAA 47 < i i ie— 3] +
g A U ENCICPAR SR s L R S

A7 R 4RT T NMeMLE R E R dpiudt (B4) AP L5 £8

B FIE AR A BL R L (G EATCH 4 B) o FUENIfoMLEen s % -
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MG R A Ao s Behp B @ (bootstrap) 4 %] B i£994-100 ¢ - B &

ém\&

REFRPLT R R BT kR A A BB B H A
R TR RTER PG ST ST RV B R S
FRE S B EERET LN RERF B S R 2 HERF S

wenflr B4 £ &

\“}{r

f%" [ ﬂ\k'ﬁ;z T A W ’Tﬂ}'ﬂfémzlér_]“"fﬁ_x; LN

BHE AP AL G F RS G REFEE S s RET TR syt
Fopths AP AR A B AR E o s A ¥ B L
¥FF R EFERHT L ELE DS TR E- A TRET - B2aaiFr

LA R T R KRG B @ SR o R R AR H PP
R hAH#H

BHEAXFAL A TEHALTE Feh- BRFLEFT 20 JIEX DL A
FraifRfpFasEkmols@FEed @l o132 B - BEEN D
L RARME R S eS| L3 (23 24) 2HOF RS AT EUFR B
LRFE LR BRI VR G AFE NI R e AT RERLLE Rhd P

SR AR FIMER T (7% cRF > AT - H - B

FEEETWA BB PR AL BLEEM S - FHHE Z IO BEMPXM) N 50

(TC)~ 2+ i#(SH)» L &B(DG) ~» 4 E(HK)frz w(YL)E ¥ > @ % - WA s 3

AT (SGP)%# - A T EJ CH I A chindy - A1 0 A 7 gl FH2

(
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FRBLR o TRET R T F Y eRBEFFORT 8- s A5
T 1IRUPGMARTK B » #-i3— B%EL Swh 57 B3 o fl > I 4
i 77 AMOVAL 7 o &k A iR ™ > AMOVAG S & B o % #F# [ aid
@ o it dpBc(Fst) B 5 04259 (£5) - HEPA AE I 75 - {HHFELEF G &

G

F_

Fel B LR oz BEE- BT MY IR BRR 0 TR SRR
B3 AFREFNLE AT A HEDOCTER » AT HIRAT HE A
BEG R a0 AP TRERE B L anyge PP B
MM AP RBEREF OB R A T BRI FHALTR RIS R
Pfed; $BARNITLE T > AT 0 $HEHT B G ARG 0 U E HE

O rRR TR SRS Y - Hek 1 A A S S R

{

W P T SRR AT T RN R S frA b S R K R

7173
I,
a
(=1
€

AR AP R R S R iR

o b AFFT Y > AFEFRF IV ERADA O VR AT E Feh- BoERET gl
BHER B AFTARS - 22T RBPOcriE 0 25007519 0 B- HiE

B ol Bl BREERENY -~ o Rpe- BE O AFTE- R
TR A LS BAREM IS - o et s SH) -7 (YL)> 2 ¢ (TC)-

B (XM)~ L% (DG)frd % (HK)E %3 > @ 5 - W p| ¢ 355741 (SGP)*%
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Ho QU AFTERIPEFDOcTETF HFLE & 4P gl BEF

Fobeni R (45) -

g

¥

‘F_k

- e AR LA ALY Hip- BEFLF T 0 § DR (TajimasD
test) o EH - K LB F * PAREED 2 P N FE R R B R R iz
Boo hips BOREY O AFTHRL T LA (SH) b R st R § DIk
BRETABE (R1) - Ra 0 F AT R REOTHREFLESEE 0§
Dieshenis % irlgr WP R NL R o i5- FMAART LM KT F o S EH2
Frd s aFP ol @18 50 8- HARAF L P 8% AP ] &

?RAEE T FUSFSRIE ALY - A¥ LY £ Rl BRI 2 - B

e

FRFE AETERL ASH) S 5¢ (TC)~ LB (DG) ~ § E#(HK)fr® f(YL)i&T
BoEEaFUSFSEE D T B FMH ok ldrr oo m B a3 T AE D F M
o AT R REEOT R F LA (BT REF & E SR FFUS

Fsiplid» 2 7% BREFHFIPHEPLE ci3- B 58— HEF 1 277

BLR T PR IR AT P B P REORTER A S AL
TR BABRPERER TS BHEMLTY FAFREENEBLR A

T B R EERT A F aFE O B o ) A TS
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RO AETREN T RALE Rl B RER R LR PP R o

Afcd# s Benitg thA ¢ o &8 3 sk A F (mismatch distribution) 37 & 3R B i

AT (LET) AT HERET AT HEE REA G e - IR
EAET AT P o AP AL T Rl k5 3P sanguinolentus) 48

POELT A P R i (AfeB)r 282 2w - JEFT T (Sezmis, 2004) i % 4p
oo fppary s BRI 75 kA APBBH o A T
TP HRBIE O A B ARG (B3 BI5{cB6) AR ch % Eor o A (SH)
B (XM) ~ 4 i (HK) ~ 2 i (YL) ~ & ° (TC)fr & 8 (DG)is+ B * 3 1 & >3
A B T (SGP)%RERI e 55 K p ¥ A BB A o iBfEA F AR
Tk EEE BRI AR R LR PTR

BAFT AR Y > AT T 4 AASER 455 P (XM) ~ s (SH) 2 £
P(TO):ie 771 #FHmehA 47 AF T FRITE R EFL L - b § LohE =A% &
BB TETVFES Lo ARG A BE T S E T E AT

ML F R FRLEH AT S F RN R - K uE g

i
*ﬂ
=
=
]
=
pd
Ny
~=$
S+

AR A AFA R AACEIREM S AR IR

cfE T A § $1+(Crandall & Templeton, 1993; Chiang & Schaal, 1999; Wang et al.,

2000) -
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AAT R e HE AT A BERPH L S RIS T 0 R e AT R A T
BT rLg ol ARt g AP RS B R (1=0.00780) 0 ¥ i Befi H AR B R

(m=0.01345; h = 1.000)" & f % » © H 8 4] 5 #45(h = 0.987)+ %

o

U
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(h) ~ 1 s & & (n) ~ Tajima’s D test i£ 2 Fu’s Fs se3t (@

ks A& A REE O BHEA O HEB hIoMuER T B R Dtest Fs
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¢ TC 25 25 25 0 1.000£0.011 0.00818 £0.00818 -1.6345 22885 **
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“P<0.05 "P<0.01
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% K& i B Hi A #i B hE SR £ R THHt R R o B Dbk Fs
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#i A 101 15 0.993 £0.003 0.042£0.00186 -1.59138 * -24123*
%% B 65 41 0.979 £0.007 0.020£0.00097 -1.30135 -11305*
Total 166 116 0.994£0.002 0.064+0.00120 -1.0188 -31544 %

" P <0.05.

(>4 11:xp Luetal, 2022h)

67

doi:10.6342/NTU202303028



43 GBS BT RS SHEREE L QAL H(For) & (DNA 4 $7)

tia ¥ & o B A H ik Frcd
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Fricy 0.790 0.734 0.822 0.742 0.767 0.739 -

(~ % :p Luetal, 2022a)
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204 BRI ETREEY SHEHD P Eouet (DNA A 45)

s i & . 2N R Ao
v - 0.000 0.000 0.000 0.000 0.000 0.000
¥R 0.000 - 0.000 0.000 0.000 0.000 0.000
& 0.000 0.000 - 0.036 0.000 0.000 0.000
e v 0.000 0.000 0.036 - 0.000 0.000 0.000
2N 0.000 0.000 0.000 0.000 - 0.000 0.000
? ik 0.000 0.000 0.000 0.000 0.000 - 0.000
AThe s 0.000 0.000 0.000 0.000 0.000 0.000 -

(>4 11:xp Luetal, 2022a)
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%5 %3 (27 %5 AMOVA 4 5% % (DNA 4 1)

s ki ] %3 i D & P &
HFEHL WA TS CBP AP 42.59 ®st = 0.42592 Feokox
Bk~ Ak~ Aot} WP 57.41

Y 2 HHI{tA TR CBEPSBEL - B} AG 75.19 Ocr =0.75194 =2
A4 2{3T4e 5} AP/WG 4.45 ®sc =0.17932 ok
WP 20.36 ®st = 0.79643 Fokk
%3 O HEMU A B3 o0} AG 52.28 dcr =0.52277 ok
HW2H{EE -2 W} AP/WG 4.27 ®sc = 0.08937 ok
=l 3374 s} WP 43.46 st =0.56542 ok
HHE 4 HEHMU A BP0} AG 45.71 Ocr = 0.45707 ek
=4 2{B 1} AP/WG 4.05 ®sc = 0.07457 ek
HHW AL ¥ W} WP 50.24 ®st = 0.49755 ek

HAY A{FT4e 8}
%35 EHMU Y AG 40.23 Ocr = 0.40227 ek
HMABF 527} AP/WG 5.16 ®sc = 0.08627 ok
#4h 3{B L} WP 54.62 ®st = 0.45384 ok

HRAAE T}

4 5{A7T4e st }
AG L% B Hene 34  APIWG ¥ %8 Scesifi /e p =4 5 WP £ % 8 Hcesi g p & A o **P <0001 2452 7% @ 1 -
(A% % p Luetal, 2022a)
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£6. BAHT E6%EY A EHET P Eavet (DNA A 47)

LR ’ 2 AR iy B B
%k - 0.083 0.000 0.000 0.000 0.000
) 0.083 - 0.000 0.000 0.000 0.000
Ay 0.000 0.000 - 0.000 0.000 0.000
Frivyd 0.000 0.000 0.000 - 0.000 0.000
i 0.000 0.000 0.000 0.000 - 0.090

b R A 0.000 0.000 0.000 0.000 0.090 -

(~#41:zp Luetal., 2022b)
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27 FAHS 6 %H Y SHRET ARG A Hd(Fsr) & (DNA & 1)

3k B A Fréc B -3
3B - 0.037 0.122 0.176 0.588 0.532
) B 0.037 - 0.139 0.162 0.571 0.514
A% 0.122 0.139 - 0.250 0.703 0.629
Frévyt 0.176 0.162 0.250 - 0.447 0.389
B 0.588 0.571 0.703 0.447 - 0.035

-3 0.532 0.514 0.629 0.389 0.035 -

(~ % 2 :xp Luetal, 2022b)
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% 8. BAHF F6 %FE N AMOVA ~ 7% % (DNA 4~ 47) -

HE i 23k B A b & P g
W2 1 HA L{AB B AR AP 41.98 ®st = 0.41978 %+ H
EP s B F4es} WP 58.02
HHE 2 O HWI{AB B 4ka o FT4cH} AG 46.57 ®ct = 0.46573
#4 2{Ew - B} AP/WG 7.07 Osc = 0.13235 Fookk
WP 46.36 st = 0.53644 ek
w3 #Hw{ABE B A5} AG 44.45 Oct = 0.44445 *
A 2{F74e 8} AP/WG 4 ®sc = 0.07201 ok
#A 3(Ep - B i) WP 51.55 ®st = 0.48446 Fedkok
W 4 O #HR A E B Axs) AG 43.42 ®cr = 0.43419 *
HE 2{dxs } AP/WG 2.13 ®dsc = 0.03759 *xx
#A {574 WP 54.45 st = 0.45546 *ok
A ALEw )

AG I %P Hcene 34 > APIWG E R B Hcenep BHEHMF XA > 7 WP %8 oyt p & 4

(>4 2z p Luetal, 2022b)
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9. F R EABR ORI E 2

P e ¥ @ 7 Eur L0 W P 4
sy (A7 D (#+ &4 (#+ ) LR
ELE R Callinectes sapidus Portunus spp. Scylla spp. L PER A
® <7 FEA S RKEIOOM @ 7T EEFIEFK € ANER-FATELA @ TR
m R e ¥ HKES 50m e Al AT AT
¥ EF €3 1p-12731p(3$W) ®87 16A-117 15p(% @87 1p312731p
& 1740 (B ")
wE € TEALE \ L L Y & Lo g
ks € B <24 x6E ® FH <2 v x6vE ® =i <2+ x6+F & [l p 253 2R
®EISE & R (s ) ® 55 & KAFFRER B
vip @ RGEEYIEWIUE € Fp 10 L) & pardEY o BrUFIUE B RORRE T E R
ok ok
¢ 2HFTEMSY)(E @ 2ZHFFTEMSY)Ep) € 2HFTEMSY)(E @ 2T R
P) ® R EET § p) (TAC)
REE @ g £ (TAC)(#) & T R
(TAC)(%) ¢ ITQTAC (TAC)(¥)
¢ <4sSEAFHERE) € 9om(2R) & 9cm(% F) ® k7 {F8cm-
WE @ Bp S RT RS @ B B RE IR ® 543 E Som -
12.7 cm (R ) 25 127 cm (GE)
b ® 16 prs ® B ARIFFTE (B ® 16 it ® 18 E M (20w T)
R & RV A o (B) * (k)
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210 pARFRETRR T R

ik R %l Bt B FmEpd WARPARTRET R
FE rasagimms ERE R E R s
* Lo Rip 5 p 2% ) 35%] # 4| (Input control)
QLHTEE S 4 I H $Wﬁam%ﬁgﬁ$%ﬁ etk DNA > v 2 5
LGt S F BT ;%ﬁtPiﬁoéé I DNA S B 5 A g
. 7, /, ﬁ‘ » 1 L b
AL R 4 FeBIFTE £k EH i ’?ﬁ‘«liﬁ% X 7k j\;éi: - 1 Tt 5 =
5@y | B
D. frBEip K F ILHE 7 3. FRART AL F KA AR DNA S gk o
6. ks -k sz (B4~ 5 L) L
o y A E A T
; J,\L)g‘f/};ztlg s R # 4= 4241 (Our tput control)
e L EHT A RS RF L e RS A FRAT S § 8
e 9 H 7] 48 DNA -
P L#%ma%2 A %%E2 §mAER 2 BB A BIRELE A A P SRRy B A
2 ALK FCEL FARE BB AL T S8 L7
" n 3. ﬂi%i"fﬁﬂiﬁ_‘rﬁﬁ_ AR RRERPELEAEE P
5 2 L g 1
/ SEY &SRR e 1A LARFRARTEE A AAEH LE G A R
T L g ELARREE FRER 5Tk a Bt RABRE B RSH B -

e
1=t
e

2.2 pE A Y FIFEZ Z AL A ’
3&?%%w%$”?H*#%»WH
wT 1«ﬁﬁ#ﬁzﬁmw$a@§mzﬁg
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